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Abstract

Background: This systematic review aimed to assess the clinical effects of laser preparation compared to other
types of chemical or mechanical preparation of tooth surfaces used in fissure sealant placement.

Methods: A systematic literature search was conducted up to January 2019, through Pubmed, Scopus, Medline/
EMBASE via OVID and the Cochrane library. Only randomized clinical trials were included.

Results: Five studies were included in the systematic review and three were included in the meta-analysis. All the
studies used acid-etching as a comparator to lasers. All the included studies were rated as having an overall high
risk of bias introduced by performance bias. Three studies assessed the clinical effects of fissure sealants placed by
acid or laser etching, one compared acid etching versus laser combined with acid etching and one investigated the
influence of lasers on the objective and subjective parameters of stress during sealant application in children. The
meta-analysis showed no significant difference between laser preparation and conventional acid-etching preparation
at 3- (P = 0.08), 6- (P = 0.49), and 12-month (P = 0.87) follow-ups. One study reported that laser preparation as an
adjunct to acid-etching enhanced the retention rate. No significant difference in the incidence of caries was reported.
And no significant differences were found in heart rates, oxygen saturation or degree of the patient dental anxiety
between acid-etching and laser preparation.

Conclusion: The present limited evidence suggests that lasers could be an effective pretreatment method. The
retention rate was similar to that of conventional acid etching. However, the included studies had an overall high risk
of bias and more rigorously designed research is needed.
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Background
In recent years, high attention has been paid to preventive
dentistry, one goal of which is to prevent dental caries and
reduce the risk of caries. Many techniques are available
for the prevention and reduction of dental caries, includ-
ing dietary modification, topical and systemic fluorides,
sugar substitutes, pit-and-fissure sealants, caries vaccines,
etc. Pit-and fissure-sealing is one of the most highly

recommended and widely accepted preventive procedures,
especially for preventing caries in newly-erupted perman-
ent molars [1–4]. Studies have reported that more than
two-thirds of caries in children develop on occlusal sur-
faces [5, 6]. Occlusal surfaces have pits and fissures, which
are highly susceptible to caries because they accumulate
bacteria more easily and plaque is difficult to remove from
the surfaces [7, 8]. A fissure sealant is a dental material
that is placed in the pits and fissures of teeth to prevent
the entrance of cariogenic bacteria and their nutrients in-
side these anatomical fissures [9]. It was first introduced
to protect occlusal pits and fissures for dental caries by
Cueto and Buonocore in 1967 [10].
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The effectiveness of pit-and-fissure sealing to prevent
dental decay is closely related to the retention of the seal-
ants. Roughing the enamel surface to promote the adhe-
sion of fissure sealants is one of the most important ways
to increase the retention rate [11]. Acid-etching is a well-
accepted, standard pretreatment technique for enamel
surfaces to promote the adhesion of restorative materials.
Nevertheless, the pellicle and remaining debris might not
be removed from the base of the fissures with conven-
tional prophylaxis and etching procedures. Furthermore,
saliva contamination after the etching procedures can also
compromise adhesion [12]. Therefore, alternative methods
to acid etching, such as enameloplasty, an air-polishing
system and laser treatment have been proposed for pre-
paring fissures for sealant retention [13, 14].
Laser application in dentistry has been a research inter-

est for the past 30 years and has recently risen in popular-
ity. Laser irradiation of hard dental tissue modifies the
calcium: phosphorus ratio, reduces the carbonate: phos-
phate ratio and leads to the formation of more stable and
less acid-soluble compounds, thus reducing the suscepti-
bility to acid attacks and caries [15–17]. In addition, laser
treatment can promote sterilization of the fissures because
of its action on dental plaque. Therefore, the use of lasers
has been suggested as a pretreatment method to roughen
enamel.
Studies on the quality of lasers as a preparation method

for the enamel surface before sealant application, however,
are inconclusive. A review and meta-analysis of the litera-
ture based on in vitro experiments showed that pretreat-
ment with phosphoric acid led to lower microleakage in
occlusal sealants than erbium:yttrium-aluminum-garnet
lasers (Er: YAG) and air abrasion [18]. Besides, as a clinical
technology, the effect of laser preparation on patients’
subjective experiences was still unclear. This study was
conducted to assess the clinical effects of laser preparation
compared to other types of chemical or mechanical prep-
aration of the tooth surfaces used in fissure sealant
placement.

Methods
Focused question
This systematic review was reported in accordance with
recommendations of the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) state-
ment [19]. The research aimed to systematically retrieve
and analyze clinical studies assessing the effects of laser
preparation compared to other tooth surface pretreat-
ment methods used in fissure sealant placement. The
PICO principle, detailed below, was applied during the
assessment.
Participants: patients who were caries-free and had un-

treated premolars and/or molars and/or primary molars
suitable for pit-and fissure-sealing.

Interventions: use of lasers as a pretreatment method
for pit-and-fissure sealing.
Comparators: use of any other mechanical or chemical

preparation for pit-and-fissure sealing, such as acid-etch-
ing, enameloplasty or air abrasion.
Outcomes: the retention rate of fissure sealants, the

incidence of dental caries, adverse events, clinical time,
patient acceptability and anxiety.

Selection criteria
The inclusion criteria were: 1) randomized clinical tri-
als; 2) studies using laser and the other pretreatment
methods, including phosphoric acid and/or enamelo-
plasty and/or air abrasion to roughen the enamel before
sealant application; 3) studies reporting details of the
materials and methods, such as tooth preparation de-
signs, isolation methods, materials of the sealants and
parameters of the lasers; 5) studies with quantitative
clinical outcomes, such as retention rates or the inci-
dence of caries. The exclusion criteria were 1) in vitro
or animal studies, case reports, and case series, review
articles, or opinion articles; and 2) studies published in
other languages besides English.

Search strategy
The following databases were searched from inception
to January 2019: Pubmed, Scopus, Medline/EMBASE via
OVID and the Cochrane library. The following search
terms are used in Pubmed: (“lasers” [MeSH Terms] OR
“lasers” [All Fields] OR “laser” [All Fields]) AND “pit”
[All Fields] AND (“pit and fissure sealants” [MeSH
Terms] OR (“pit” [All Fields] AND “fissure” [All Fields]
AND “sealants” [All Fields]) OR “pit and fissure sealants”
[All Fields] OR (“fissure” [All Fields] AND “sealant” [All
Fields]) OR “fissure sealant” [All Fields]).
ClinicalTrials.gov (www.clinicaltrials.gov) and the

International Standard Randomised Controlled Trial
Number (ISRCTN) registry (www.isrctn.com) were
screened to identify unpublished and ongoing trials.
Grey literature was also investigated through OpenGrey.
In addition, the reference lists of the included studies
were manually searched to find any potentially eligible
study.

Study selection
The titles, abstracts and full-texts of potentially relevant
studies were read and assessed by two authors (Y.H.Z
and Y.W) to judge whether they met the inclusion and
exclusion criteria. Unrelated studies were initially ex-
cluded based on the titles and abstracts and any conflict
was solved by a third author (J.Z).
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Data extraction
The characteristics and numerical data in the included
studies were extracted independently by two authors
(YHZ and YW) using a prepared data collection form.
Any disagreement was solved via discussion or by a third
author (JZ). The data obtained included follow-up dur-
ation, the number of patients, quantity of the sealants,
patient age range, drop-out rate of the subjects, the
preparation protocol, the laser parameters, the type of
sealant, tooth location, retention rate, the incidence of
caries, patient acceptance, time consumption and dental
anxiety. Retention in this systematic review was defined
as completely retained [20].

Assessment of risk of bias in the included studies
The risk of bias in the RCTs was assessed according to
the Cochrane Handbook for Systematic Reviews of
Interventions [21]. Two review authors (YHZ and YW)
independently assessed and scored the studies to identify
any potential sources of systematic bias. The related risk
of bias for each domain was rated at three levels: low
risk, high risk, or unclear risk. The comprehensive meth-
odological quality of a study was classified as low risk of
bias (six domains assessed as low risk), moderate risk of
bias (one or more domains assessed as unclear risk) or
high risk of bias (one or more domains assessed as high
risk). Disagreements between the authors were resolved
through discussion and, if needed, by consultation with
another author. Additional risk of bias tables for the in-
cluded studies are presented.

Statistical analyses
Statistical heterogeneity was assessed using a Chi-
squared test and the Higgins index (I2). Heterogeneity
was considered statistically significant for P < 0.1. Meta-
analyses were performed when there was little clinical
heterogeneity. A random-effects model was used for I2 >
50% and a fixed-effect model was used for I2 ≤ 50%.
Odds ratios (OR) and their corresponding 95% confi-
dence intervals (CI) were calculated. The statistical
significance of the hypothesis test was set at a α = 0.05
(two-tailed z tests) All analyses were performed using
Revman 5.3 software. The data were summarized quali-
tatively when a meta-analysis could not be performed.

Results
Search results
The search strategy is outlined by a flow diagram and
presented in Fig. 1. Initially, 442 published studies were
identified through the electronic search and one add-
itional record from other sources. After the removal of
duplicates, 224 studies remained. Another 218 articles
were removed after analysis of the titles and abstracts,
leaving six studies. After evaluating the full texts of the

articles in detail, five studies remained eligible for this
systematic review. Finally, three studies were included in
the meta-analysis.
There were no ongoing studies or grey literature.

There was a completed study “The effect of Er:YAG
laser on clinical success of a hydrophilic fissure sealant”
(NCT03718689) that met the inclusion criteria of this
systematic review, retrieved from ClinicalTrials.gov. We
contacted the study director for further information but
she refused to supply data. After the electronic searches,
the references of the included studies were hand-

Fig. 1 Systematic review study selection flow chart
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searched, however, no further applicable studies were
found.

Characteristics of the included studies
Study characteristics and results of the included studies
are summarized and presented in Table 1. The included
studies were conducted in four countries in subject
numbers ranging from 16 to 64. The participants’ ages
ranged from six to 38 years old. Follow-up duration
ranged from 12 to 36months, except for one study with-
out a follow-up [26]. Two studies reported drop-out
rates according to the follow-up periods [23, 25]. One
reported a 17.65% drop-out rate [22] and two reported
0% [24, 26]. Three studies assessed the clinical perform-
ance of fissure sealants placed by acid or laser etching
and one compared acid etching versus laser combined
with acid etching. Four of the studies assessed retention
rates [22–25], two reported the incidence of caries [22, 24]
and one evaluated patient acceptance [23]. The study by
Shindova et al. evaluated heart rate, oxygen saturation and
the subject’s degree of dental anxiety before and after the
dental visit [26].
In terms of the methodological characteristics (Table 1),

three of the included studies adopted a split-mouth design
[22, 23, 25]. All of them used acid-etching as the only
comparator. Out of the five studies, two used erbium,
chromium: yttrium-scandium-galium-garnet (Er, Cr:
YSGG) lasers alone in the intervention group [23, 24], one
used carbon dioxide laser [25] and two studies used Er:
YAG laser combined with acid etching [22]. Four studies

isolated teeth from the oral environment with cotton rolls
[22, 24–26] and the remaining one used a rubber dam
[23]. Two studies performed pit-and-fissure sealants on
the first permanent molars [22, 23], two were performed
on the permanent premolars and molars [24, 25] and one
was performed on any intact teeth without caries on the
occlusal surface [26].

Laser parameters of the included studies
The laser parameters of the included studies are pre-
sented in Table 2. One study used a carbon dioxide laser
[25], two studies used Er: YAG [22, 26] and two used Er,
Cr: YSGG [23, 24]. The power of the carbon dioxide
laser was 5W and that of the erbium lasers ranged from
0.7W to 2.0W. Two studies reported that the exposure
time depended on the time needed to guide the laser
beam evenly across the pits and fissures to be irradiated
[22, 24], one did not report exposure time [26] and the
exposure time in the remaining study ranged from 7 to
10 s [23, 25]. One study reported that the energy density
was 67 J/cm2 [26] and one reported a power density of
530.5W/cm2 [23]. The laser application methods were
similar, presenting small differences in the tip-to-tissue
distance, tip diameters and angles. The carbon dioxide
system used by Walsh was not water-cooled [25], while
the erbium laser systems used by other researchers were
equipped with water-cooled systems [22–24, 26].

Risk of bias
The risk of bias for the included studies is summarized
in Fig. 2 and given in detail in Fig. 3. All the studies had

Table 2 Laser parameters of the included studies

Study Type
of laser

Mode Wavelength Power/
Frequency

Power/
Energy
density

Time of exposure Method of application

Durmus
2017 [22]

Er: YAG
laser

Pulse
wave

2.94 μm 2W/10 Hz NR The duration of exposure depended
on the time needed to guide the laser
beam evenly across the pits and
fissures to be irradiated

The laser beam was aligned perpendicular
to the fissure in noncontact mode at a
distance of 1 to 2 mm in accordance with
the manufacturer’s instructions for etching,
and a beam spot size is 0.6 mm.

Kumar
2016 [23]

Er, Cr:
YSGG
laser

Pulse
wave

2.78 μm 1.25 W/
20 Hz

530.5
W/cm2

10s The treatment was performed with a
600 μm diameter tip aligned
perpendicularly to the target area at a
distance of 1–2 mm from the surface.

Karaman
2013 [24]

Er, Cr:
YSGG
laser

Pulse
wave

2.78 μm 1.25 W/
10 Hz

NR The duration of exposure depended
on the time needed to guide the laser
beam evenly across the pits and
fissures to be irradiated

The treatment was performed with a
600 μm diameter tip aligned
perpendicularly to the target area at a
distance of 1–2 mm from the surface.

Walsh
1996 [25]

Carbon
dioxide
lase

Pulse
wave

NR 5W/20 Hz NR Maximum total time for any one tooth
is 7 s

The laser energy was delivered using a
flexible waveguide fitted with an angled
(105°) handpiece and an 0.8 mm diameter
ceramic tip.

Shindova
2018 [26]

Er: YAG
laser

Pulse
wave

2.94 μm 0.7 W/
10HZ

67 J/
cm2

NR tip-to-tissue distance was non-contact
mode (1.5 mm) and tip diameter was

600 μm

RCT Randomized comparison trial, Er: YAG Erbium:yttrium-aluminum-garnet, Er, Cr: YSGG Erbium, chromium: yttrium-scandium-galium-garnet, NR Not reported
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an overall high risk of bias. Because of the enormous
difference in instruments and usage, all the studies in-
cluded presented inevitable high risk in blinding of the
intervention operators. Four studies used single-blind
designs [22–25], and the remaining study evaluated the
patients’ subjective outcomes and was assessed as high
risk in detection bias [26]. Only Karaman reported the

use of a random number table to generate random se-
quences, while the other studies did not refer to alloca-
tion concealment [24]. The included studies were
considered to be low risk of bias in selective reporting.
Four studies showed low risk in attrition bias [23–26]
and the study by Dumurs did not explain the unavailable
data [22]. Two studies showed low risk of other bias
[24, 25] and the remaining were unclear (Figs. 2 and 3).

Outcomes variables
Retention rate
Four of the included studies used Simonsen’s criteria to
evaluate the retention rate, which fell into three categor-
ies: completely retained, partially retained and com-
pletely lost [20, 22–25]. Retention rates reflected
completely retained sealants. The retention rates were
reported according to the different follow-up times in all
the studies, ranging from 3 months to 24 months. At the
end of the follow-up periods, the retention rates ranged
from 35.9 to 97.92% in the laser only group, 77.4% in
the laser combined with acid etching group and 41.0 to
94.59% in the acid-etching only group (Table 1). Three
studies used lasers alone in the test group [23–25], enab-
ling synthesis of the data by meta-analysis. We con-
ducted a meta-analysis for studies that evaluated
retention at the same time after sealant application to
get more reliable results. It is worth noting that we only
adopted the retention rate at 12 months due to the high
number of patients lost to follow-up at 18 months (12
subjects dropped-out out of 20) and 30months (19 sub-
jects dropped-out out of 20) in Walsh’s study. Figure 4
shows the Forest plot for the retention rates in acid-
etching and laser preparation, including Er, Cr: YSGG
and CO2 lasers. The fixed-effect model was used in this
analysis. The odds ratio was 2.78 at the 3-month follow-
up (95% CI: 0.87–8.91; P = 0.08), suggesting that there
was no significant difference between acid-etching and
laser preparations. The heterogeneity between studies
was 0% (I2). This result was similar to those obtained at the

Fig. 3 Risk of bias summary. The review authors’ risk of bias
assignments for each included study

Fig. 2 Risk of bias graph. The review authors’ risk of bias assignments presented as percentages across all included studies
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6- and 12-month follow-ups. The odds ratios were 1.22
(95%CI: 0.69–2.16; P = 0.49) and 1.05 (95%CI: 0.61–1.80;
P = 0.87), respectively. No subgroup analysis was performed
due to the small number of included studies (Fig. 4).
One other study used Er: YAG laser combined with acid

etching in the intervention group [22]. The sealant reten-
tion rate was significantly higher at 12 and 18months com-
pared to the acid-etched group, while there were no
significant differences in retention rates between these two
preparation methods at the 3- and 6-month follow-ups

(Table 1). The Forest plot presented a visual representation
of this outcome, in which the OR was 0.47 (P = 0.24) at the
3-month follow-up, 0.55 (P = 0.19) for the 6-month, 0.39
(P = 0.01) for the 12-month and 0.41 (P = 0.009) for the 18-
month follow-up, respectively (Fig. 5).

Incidence of caries
Two studies reported the incidence of caries. In Karaman’s
study, the incidence of caries in both the Er, Cr: YSGG laser
group and the acid etching group was 0% [24]. Durmus

Fig. 4 Forest plot of the retention rates in acid etching and laser preparation. a. 3 months, b. 6 months, c. 9 months, d. 12 months, e. 18 months
and f. 24 months
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reported that the incidence of caries was 10% in the Er:
YAG laser plus acid etching group and 22% in the acid-
etching group [22], however, the difference was not statisti-
cally significant.

Adverse events
No adverse events, such as pulpal sensation, post-lasing
thermal sensitivity, pulpitis or other laser-induced path-
ology, were reported in the included studies.

Clinical time
Walsh et al. reported that the total clinical time of the
laser conditioning procedure was shorter than the con-
ventional acid preparation time (7 s versus 70 s) [25].
Kumar reported that the Er, Cr: YSGG laser exposure
time was about 10 s, while the time to apply acid and
rinse with water was more than 35 s in the acid-etching
group [23]. In the other studies, the time spent on laser
(Er:YAG and Er, Cr: YSGG) preparation was not de-
scribed accurately and could not be calculated by the
data provided in the articles. It is worth noting, however,

that there was a significant difference in clinical time be-
tween Walsh’s carbon dioxide laser treatment and other
erbium laser treatments. In Walsh’s study, the carbon
dioxide laser treatment was performed under dry condi-
tions. The security of pulpal safety was based on labora-
tory studies with relevant laser conditioning parameters.
In contrast, all of the erbium laser systems used by other
researchers had water-cooled systems to prevent the sur-
face from overheating. This means it had to be air-dried
for a few seconds like the acid-etching procedure but no
studies recorded the time for this process. In the in-
cluded studies, erbium lasers systems needed more clin-
ical time than the carbon dioxide system used by Walsh.

Patient satisfaction
In terms of patient acceptance of the procedures, only
Kumar and colleagues [23] used the visual analogue
scale to score patient acceptance, which showed that
both Er, Cr: YSGG laser and acid etching preparations
were well accepted. In terms of dental anxiety, one
included study subjectively and objectively evaluated

Fig. 5 Forest plot of the retention rates in acid etching and laser preparation plus acid etching. a. 3 months, b. 6 months, c. 12 months and
d. 18 months
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dental anxiety when lasers were used to pretreat the
dental surface in the process of pit-and-fissure sealing
[26]. The authors did not find any significant differences
between the initial and final subjective scores for dental
anxiety between the Er: YAG laser combined with acid
etching conditioning group and the acid etching group.
They also did not find significant differences in physio-
logical stress indicators, including heart rate and oxygen
saturation, between these groups. Therefore, it was con-
cluded that use of the Er:YAG lasers in preparation for
sealant application did not provoke anxiety subjectively
or objectively. Furthermore, it was well accepted by chil-
dren in the dental environment [26].

Discussion
The present systematic review included randomized
clinical trials to evaluate retention rates, secondary car-
ies, clinical times and the effect on patient psychology
when lasers were used in preparation for sealant place-
ment. A total of five studies were included in the sys-
tematic review and three of them were quantitatively
analyzed. The assessment of quality exhibited overall
high risk, indicating an under-grading of the quality of
the existing evidence. In terms of retention rates, the
available evidence suggested that laser preparation was
not significantly different than acid-etching. Meta-ana-
lysis showed similar outcomes of laser and acid prepar-
ation after three, six, and 12months. The incidence of
secondary caries between laser preparation and acid
preparation was similar. Furthermore, it was of highly
accepted by patients and did not provoke dental anxiety.
Findings from this systematic review and meta-analysis

indicated the possibility and reliability of laser prepar-
ation as a substitute for phosphoric acid etching before
sealant placement, indicated by its similar retention and
secondary caries rates, as well as high psychological
acceptance by the patients. However, the results and
conclusions should be interpreted carefully due to differ-
ences in study methodology and laser parameters.

Effects of study methodology on outcome
A few methodological differences are worth noting. First,
regarding the outcomes of the present studies, split-mouth
design, in which the effects of inter-subject variation can be
minimized when the individual is self-matched or self-con-
trolled, is more suitable than parallel design for clinical tri-
als conducted in the oral cavity [27, 28].
Caries risk may influence the retention rate and the in-

cidence of caries. In high-risk children, the enamel of
the occlusal pit and fissures has already undergone tissue
structural changes that might have altered the properties
of the enamel surface before sealant application. It may
also contain higher proportions of organic material that
might hinder the acid penetration into the deeper layers

and prevent homogeneous etching of the enamel, ham-
pering resin impregnation and resulting in shorter resin
tags [29]. According to Oulis et al. [30], children with a
high baseline caries risk showed lower sealant retention
rates and higher occlusal caries prevalence following
fissure sealants loss compared to those of moderate and
low-risk status. The concept of risk-based sealant appli-
cation can form the basis of a rationale for and effects of
sealant placement and specific considerations like tooth
morphology, caries history, fluoride history and oral hy-
giene can be assessed by an experienced clinician for the
indication of sealant placement [31, 32]. In the included
studies, the study by Durmus et al. was conducted in
subjects with high caries risk [22], while patients in the
other studies had low caries risk. All individual caries
risk was determined at the initial visit with simple indi-
cators and was not reported at the follow-up visits, so
changes and the effect of any changes were unclear.
Under these circumstances, split-mouth designs may be
recommended. Karaman [24] used a parallel design,
while others adopted a split-mouth design. In addition,
the study by Shindova et al. adopted a parallel design for
the subjective parameters of dental anxiety measurement
which did not eliminate the effect of individual variation
on the surveyed outcomes, affecting the accuracy of the
conclusion.
Second is the choice of tooth location. According to a

systematic review and meta-analysis from Papageorgiou
and previous studies, premolars had better sealant reten-
tion rates than that of the first permanent molars. The
number of sealants, the complexity of the access to the
tooth surface and isolation and variations in the morph-
ology and microscopic structure of the enamel may con-
tribute to these outcomes [33]. In half of the studies that
recorded retention rates, sealants were placed on the
first permanent molars [22, 23], while the others were
placed on permanent premolars and molars [24, 25].
Karaman [24] found no statistical differences between
the retention rates of the premolars and molars, while
Walsh [25] showed that all the sealants lost were on
molars. Location of the loss may be a factor affecting
retention rates.
Third is the single evaluation criterion for patient ac-

ceptance. Patient acceptance and dental anxiety are sub-
jective perceptions. Thus, rating scales were formulated
to quantify their perceptions. Kumur et al. used a visual
analogue scale in which pediatric patients were asked to
mark their discomfort on a 100 mm line with extreme
ends denoting no discomfort to worst possible discom-
fort during the procedure. According to Naegeli et al.
[34], verbal rating scales, visual analogue scales, numeric
rating scales, and graphical scales can all be reliable and
valid response options in pediatric populations. How-
ever, the current empirical basis was insufficient to draw
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firm conclusions and to make differentiated recommen-
dations. In children between the ages of six and 18, these
instruments showed various outcomes. Therefore, diver-
sified evaluations related to subjective parameters should
be considered.
Lastly, the lack of comparison between lasers and

other preparation methods, the comparison of different
kinds of lasers to other chemical or mechanical prepar-
ation methods, such as enameloplasty and air-polishing
systems, and research on primary molars was a short-
coming of this review. Enameloplasty with burs (fissurot-
omy shallow taper fissure (STF) and narrow taper fissure
(NTF) burs, small one-quarter round burs) conducted
with a high- or slow-speed handpiece, has been demon-
strated in several in vivo and in vitro studies as a simple,
cost-effective and easily accessible method resulting in
acceptable sealant retention and reduced microleakage
[35–41]. The air abrasion system uses a high-speed
stream of purified aluminum oxide particles or bioactive
glass delivered by air pressure and has been reported to
be an effective method to prepare enamel before the
application of the sealant in vitro, which needs more
research to confirm its clinical effects [42–44].

Effects of laser parameters on outcome
In our study, we regarded lasers as a whole to analyze
the effect of this kind of intervention. As Karaman spec-
ulated, different outputs and experimental designs might
result in conflicting findings [24]. Subgroup analysis
could not be performed, which means that the effects of
laser parameters on outcomes are still unclear.
Therefore, the choice of laser parameters in clinical

studies has usually referred to those used in previous in
vitro studies. For example, Walsh et al. [25] stated that
they based the carbon dioxide laser dosimetry on labora-
tory studies of enamel surface changes and bond
strength, as well as on data for pulpal safety. These kinds
of choices might also affect the clinical effects of laser
preparation. The study by Dumurs et al. [22] used Er:
YAG laser at a wavelength of 2.94 μm, 2W power, 120
mJ energy output and 10 Hz frequency. Mahtab et al.
[45] found no difference in the proportion of microleak-
age between conventional acid etching and Er: YAG
laser surface pretreatment before sealant resin was ap-
plied to teeth with fluorosis, where the parameters were
30mJ, 20 Hz, 6W initially and 120 mJ, 10 Hz, and 1W
on the enamel margins. Unal et al. [46] evaluated the Er:
YAG laser as an alternative to acid etching for the appli-
cation of fissure sealants in pediatric dentistry and found
that the Er: YAG laser with 4W power and 200mJ
energy output resulted in higher microtensile bond
strength than the 2W, 100mJ Er: YAG laser in permanent
teeth. However, in a study of primary teeth, Unal et al.
[47] reported that higher microleakage values were found

in groups with Er: YAG laser etching (3.25W, 150 mJ,
25 Hz and 5W and 20mJ, 25Hz) compared to conven-
tional acid-etching. Microleakage in the 3.25W group and
the 5W group was not significantly different. Kumar et al.
[23] used a lower output (1.5W) to etch enamel, per Berks
and colleagues, and observed that Er, Cr: YSGG laser irra-
diations using 1W, 1.5W or 2W produced etching pat-
terns similar to those produced by etching with acid in the
scanning electron microscope (SEM) study. While Vijayan
et al. [48] found that the enamel surfaces etched by Er, Cr:
YSGG laser at 1.5W/20 Hz, 2W/10Hz and 2W/20Hz, 2
W/20Hz provided the best results with consistency in tag
lengths and other studies found that it provided adequate
bond strength. Moreover, in vitro studies have shown that
the same parameters could result in different outcomes
and different parameters could result in similar outcomes.
So, while in vitro studies can predict clinical outcomes,
real-life performance should be evaluated by clinical stud-
ies. More elaborately designed laser dosimetry studies
should be conducted in future research.
It should be noted that the use of laser preparation in-

volves some difficulties for the operator. Clinicians must
use the correct angle and tip during preparation. A
smaller tip may be useful to reduce errors but are associ-
ated with problems, such as the need to ensure an equal
level of ablation at the same speed, which requires more
time and energy compared to larger tips [14]. Thus, the-
oretical parameters do not always represent actual emis-
sions that impact clinical effects in patients.

Laser combined with acid preparation
One of our included studies evaluated the clinical effects
of Er:YAG laser as an adjunct to acid preparation, show-
ing that it was superior to acid preparation at the end of
18 months. The retention rate for fissure sealants in the
laser plus acid group was significantly higher than that
in the acid-etched group at 12 (P = 0.0161) and 18 (P =
0.0227) months. These results agreed with an in vivo
study in which Brugnera and colleagues [49] demon-
strated that the retention rate of sealants applied after
carbon dioxide laser plus acid-etching was significantly
better than that of acid-etching preparation. However,
the latter study was excluded from this review because it
did not describe the randomization process. In the Dur-
mus study, the incidence of caries in the acid-etched
group was 22% (n = 18) versus 10% (n = 8) in the laser
plus acid group at 18 months. The difference in caries
development between the groups was not significant
(P > 0.05). In vitro studies showed no statistical differ-
ence between the acid and laser combined method and
the acid enamel conditioning method [18, 50]. From this
perspective, laser combined with acid preparation was
probably superior to acid preparation. More high-quality
studies should be conducted to confirm this conclusion.
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The economic aspect of sealant application should also
be considered. Sealant application has to remain simple,
rapid and affordable to be used as a prophylactic meas-
ure. Although laser combined with acid etching im-
proved the retention of sealants compared to acid
etching alone, the cost-benefit ratio of the extra time
and cost of the equipment and materials required may
not add value [14].
Considering the limited evidence in the present stud-

ies, more clinical research is needed to confirm the role
of laser preparation in pit-and-fissure sealants in the
future. They should be of high methodological quality,
design and conduct. Comparison of retention rates, and
the incidence of caries, as well as consideration of caries
risk, the economic impact and the appropriate choice of
study subjects and their psychological evaluation, be-
tween laser preparation and other chemical or mechan-
ical preparation methods may further our understanding
of the role of lasers as an enamel conditioning procedure
before sealant placement.

Conclusion
In summary, our meta-analysis and systematic review
demonstrated that laser preparation was a safe, effective
and highly-acceptable method of enamel preparation
before sealant placement. The retention rate of pit-and-
fissure sealants after laser preparation alone was com-
parable to that of acid-etching preparation. Furthermore,
laser preparation used as a supplementary method to
conventional acid-etching enhanced the retention rate of
sealants. However, the current study exhibited an overall
high risk of bias. Further research with a better study de-
sign is required to provide more reliable evidence for
clinical application.

Abbreviations
Cl: Confidence interval; Er, Cr: YSGG: Erbium, chromium: yttrium-scandium-
galium-garnet; Er: YAG: Erbium: yttrium-aluminum-garnet laser; I2: Higgins
index; ISRCTN: International Standard Randomised Controlled Trial Number;
NTF: Narrow taper fissure; OR: Odds ratio; PRISMA: Preferred Reporting Items
for Systematic reviews and Meta-Analyses; STF: fissurotomy shallow taper
fissure

Acknowledgements
Not applicable.

Authors’ contributions
QZ and JZ designed the study. YHZ and YW collected and analyzed the
data, drafted the manuscript. YDC and YC revised the manuscript. QZ and JZ
finalized the manuscript and acts as guarantor. All authors approved
submission.

Funding
This research was supported by the National Natural Science Foundation of
China (81600864, 81400502) and the Innovation and Collaborative Project of
Sichuan Science and Technology Agency (2019YFH0025). None of the
funders played a role in the design of the study, data collection, analyses,
and interpretation of the results or writing of the manuscript.

Availability of data and materials
All data generated and analyzed in this study are included within the article
or available from the authors.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 17 April 2019 Accepted: 18 August 2019

References
1. Weintraub JA. The effectiveness of pit and fissure sealants. J Public Health

Dent. 1989;65(2):91–3.
2. Weintraub JA. Pit and fissure sealants in high-caries-risk individuals. J Dent

Edu. 2001;65(10):1084–90.
3. Gooch BF, Griffin SO, Shellie Kolavic G, Kohn WG, Gary R, Mark S, et al.

Preventing dental caries through school-based sealant programs: updated
recommendations and reviews of evidence. J Am Dent Assoc. 2009;140(11):
1356–65.

4. Deery C. Fissure seal or fluoride varnish? Evid Based Dent. 2016;17(3):77–8.
5. Waggoner WF, Siegal M. Pit and fissure sealant application: updating the

technique. J Am Dent Assoc. 1996;127(3):351–61.
6. Zou J, Meng M, Law CS, Rao Y, Zhou X. Common dental diseases in

children and malocclusion. Int J Oral Sci. 2018;10(1):7.
7. Loesche WJ, Loesche WJ. Role of Streptococcus mutans in human dental

decay. Microbiol Rev. 1987;50(4):353–80.
8. Kidd EA, Fejerskov O. What constitutes dental caries? Histopathology of

carious enamel and dentin related to the action of cariogenic biofilms. J
Dent Res. 2004;83(Spec Issue C):35–8.

9. Bekes K. Pit and fissure sealants. 1st ed. Switzeland: Springer; 2018. https://
doi.org/10.1007/978-3-319-71979-5.

10. Cueto EI, Buonocore MG. Sealing of pits and fissures with an adhesive resin:
its use in caries prevention. J Am Dent Assoc. 1967;75(1):121–8.

11. Yazici AR, Karaman EM. Clinical evaluation of a nanofilled fissure sealant
placed with different adhesive systems: 24-month results. Oper Dent. 2009;
34(6):642–7.

12. Topalogluak A, Onçağ O, Gökçe B, Bent B. The effect of different enamel
surface treatments on microleakage of fissure sealants. Acta Med Acad.
2013;42(2):223–8.

13. Bagherian A, Shirazi AS. Preparation before acid etching in fissure sealant
therapy: yes or no? : A systematic review and meta-analysis. J Am Dent
Assoc. 2016;147(12):943–51.

14. Ciucchi P, Neuhaus KW, Emerich M, Peutzfeldt A, Lussi A. Evaluation of
different types of enamel conditioning before application of a fissure
sealant. Lasers Med Sci. 2015;30(1):1–9.

15. Castellan CS, Luiz AC, Bezinelli LM, Lopes RM, Mendes FM, De PEC, et al. In
vitro evaluation of enamel demineralization after Er:YAG and Nd:YAG laser
irradiation on primary teeth. Photomed Laser Surg. 2007;25(2):85–90.

16. Correa-Afonso AM, Ciconne-Nogueira JC, Pécora JD, Palma-Dibb RG. In vitro
assessment of laser efficiency for caries prevention in pits and fissures.
Microsc Res Techni. 2012;75(2):245–52.

17. Apsari R, Pratomo DA, Hikmawati D, Bidin N. Microstructure and mechanical
changes induced by Q-Switched pulse laser on human enamel with aim of
caries prevention. AIP Conference Proceedings 1718, 020001 (2016); https://
doi.org/10.1063/1.4943310.

18. Fumes AC, Longo DL, De RA, Tkds F, Fwg DPES, Borsatto MC, et al.
Microleakage of sealants after phosphoric acid, Er: YAG laser and air
abrasion enamel conditioning: systematic review and meta-analysis. J Clinic
Pediatr Dent. 2017;41(3):167–72.

19. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and
elaboration. BMJ. 2009;339:b2700.

20. Simonsen RJ. Retention and effectiveness of dental sealant after 15 years. J
Am Dent Assoc. 1991;122(10):34–42.

Zhang et al. BMC Oral Health          (2019) 19:203 Page 11 of 12

https://doi.org/10.1007/978-3-319-71979-5
https://doi.org/10.1007/978-3-319-71979-5
https://doi.org/10.1063/1.4943310
https://doi.org/10.1063/1.4943310


21. Higgins J, Green S. Cochrane handbook for systematic reviews of
interventions Version 5.1. 0: The Cochrane Collaboration; 2011. http://
handbook-5-1.cochrane.org/. Updated March 2011

22. Durmus B, Giray F, Peker S, Kargul B. Clinical evaluation of a fissure sealant
placed by acid etching or Er: YAG laser combined with acid etching. Oral
Health Prev Dent. 2017;15(2):157–62.

23. Kumar G, Dhillon JK, Rehman F. A comparative evaluation of retention of pit
and fissure sealants placed with conventional acid etching and Er, Cr: YSGG
laser etching: a randomised controlled trial. Laser Ther. 2016;25(4):291–8.

24. Karaman E, Yazici AR, Baseren M, Gorucu J. Comparison of acid versus laser
etching on the clinical performance of a fissure sealant: 24-month results.
Oper Dent. 2013;38(2):151–8.

25. Walsh LJ. Split-mouth study of sealant retention with carbon dioxide laser
versus acid etch conditioning. Aust Dental J. 1996;41(2):124–7.

26. Shindova MP, Bеlcheva AB, Mateva NG. Influence of Er: YAG laser on
objective and subjective Param-eters of stress during sealant application in
children. Folia Med. 2018;60(2):275–82.

27. Lesaffre E, Philstrom B, Needleman I, Worthington H. The design and
analysis of split-mouth studies: what statisticians and clinicians should know.
Stat Med. 2009;28(28):3470–82.

28. Antczak-Bouckoms AA, Tulloch JF, Berkey CS. Split-mouth and cross-over
designs in dental research. J Clin Periodontol. 2010;17(7):446–53.

29. Irinoda Y, Matsumura Y, Kito H, Nakano T, Toyama T, Nakagaki H, et al. Effect
of sealant viscosity on the penetration of resin into etched human enamel.
Oper Dent. 2000;25(4):274–82.

30. Oulis CJ, Berdouses ED. Fissure sealant retention and caries development
after resealing on first permanent molars of children with low, moderate
and high caries risk. Eur Arch Paediatr Dent. 2009;10(4):211–7.

31. Ekstrand K, Kuzmina I, Bjørndal L, Thylstrup A. Relationship between external
and histologic features of progressive stages of caries in the occlusal fossa.
Caries Res. 1995;29(4):243–50.

32. Feigal RJ. The use of pit and fissure sealants. Pediatr Dent. 2002;24(5):415–22.
33. Papageorgiou SN, Dimitraki D, Kotsanos N, Bekes K, Van WH. Performance of

pit and fissure sealants according to tooth characteristics: a systematic
review and meta-analysis. J Dent Res. 2017;66:8–17.

34. Naegeli AN, Hanlon J, Gries KS, Safikhani S, Ryden A, Patel M, et al. Literature
review to characterize the empirical basis for response scale selection in
pediatric populations. J Patient Rep Outcomes. 2018;2(1):39.

35. Nahid A, Zahra BG, Yasaman R. Evaluation of the effect of enamel
preparation on retention rate of fissure sealant. Contemp Clin Dent.
2012;3(4):380–2.

36. Balaprasannakumar. A comparison of enameloplasty sealant technique and
conventional sealant technique: an in-vivo study. J Pharm Bioallied Sci.
2013;5(Suppl1):S69–72.

37. Dhar V, Chen H. Evaluation of resin based and glass ionomer based sealants
placed with or without tooth preparation-a two year clinical trial. Pediatr
Dent. 2012;34(1):46–50.

38. Shapira J, Eidelman E. Six-year clinical evaluation of fissure sealants
placed after mechanical preparation: a matched pair study. Pediatr
Dent. 1986;8(3):204–5.

39. Hatibovic-Kofman S, Wright GZ, Braverman I. Microleakage of sealants after
conventional, bur, and air-abrasion preparation of pits and fissures. Int J
Pediatr Dent. 1998;11(6):173–6.

40. Hasanuddin S, Reddy ER, Manjula M, Srilaxmi N, Rani ST, Rajesh A. Retention
of fissure sealants in young permanent molars affected by dental fluorosis: a
12-month clinical study. Eur Arch Paediatr Dent. 2014;15(5):309–15.

41. Aliasghar S, Zahra B, Shahrzad J, Parisa S. Evaluation of the effects of
enameloplasty and air abrasion on sealant micro-leakage. J Dent. 2014;
11(6):639–43.

42. Bagheri M, Pilecki P, Sauro S, Sherriff M, Watson TF, Hosey MT. An in vitro
investigation of pre-treatment effects before fissure sealing. Int J Paediatr
Dent. 2017;27(6):514–22.

43. Bhushan U, Goswami M. Evaluation of retention of pit and fissure sealants
placed with and without air abrasion pretreatment in 6-8 year old children
– an in vivostudy. J Clin Exp Dent. 2017;9(2):e211–e7.

44. Khoroushi M, Eshghi A, Naderibeni F. Pit and fissure sealant retention
following air abrasion preparation with bioactive glass and aluminum oxide
particles. J Dent Res for Children. 2016;83(3):132–8.

45. Memarpour M, Kianimanesh N, Shayeghi B. Enamel pretreatment with Er:
YAG laser: effects on the microleakage of fissure sealant in fluorosed teeth.
Restor Dent Endod. 2014;39(3):180–6.

46. Unal M, Hubbezoglu I, Zan R, Oznurhan F. The effect of Er: YAG laser and
different surface conditioning procedures on microtensile bond strength of
the fissure sealant containing amorphous calcium phosphate after artificial
aging. Dent Mater J. 2014;33(1):21–6.

47. Unal M, Hubbezoglu I, Zan R, Kapdan A, Hurmuzlu F. Effect of acid
etching and different Er: YAG laser procedures on microleakage of
three different fissure sealants in primary teeth after aging. Dent Mater
J. 2013;32(4):557–63.

48. Vijayan V, Rajasigamani K, Karthik K, Maroli S, Chakkarayan J, Haris M.
Influence of erbium, chromium-doped: yttrium scandium-gallium-garnet
laser etching and traditional etching systems on depth of resin penetration
in enamel: a confocal laser scanning electron microscope study. J Pharm
Bioallied Sci. 2015;7(Suppl 2):S616–22.

49. Brugnera A Jr, Rosso N, Duarte D, Guedes Pinto AC, Genovese W. The use of
carbon dioxide laser in pit and fissure caries prevention: clinical evaluation. J
Clin Laser Med Surg. 1997;15(2):79–82.

50. AlHumaid J, Alagl AS, Bedi S. Effect of erbium laser on microtensile bond
strength of fissure sealant in primary teeth: an in vitro study. Saudi J Med
Med Sci. 2018;6(1):27–31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Zhang et al. BMC Oral Health          (2019) 19:203 Page 12 of 12

http://handbook-5-1.cochrane.org/
http://handbook-5-1.cochrane.org/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Focused question
	Selection criteria
	Search strategy
	Study selection
	Data extraction
	Assessment of risk of bias in the included studies
	Statistical analyses

	Results
	Search results
	Characteristics of the included studies
	Laser parameters of the included studies
	Risk of bias
	Outcomes variables
	Retention rate
	Incidence of caries
	Adverse events
	Clinical time
	Patient satisfaction


	Discussion
	Effects of study methodology on outcome
	Effects of laser parameters on outcome
	Laser combined with acid preparation

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

