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Literature Review

Laser Influence on Dental
Sensitivity Compared to Other Light
Sources Used During In-office
Dental Bleaching: Systematic
Review and Meta-analysis

BGS Casado ¢ EP Pellizzer ¢ JR Souto Maior ¢ CAA Lemos ¢ BCE Vasconcelos ¢ SLD Moraes

Clinical Relevance

The use of laser light during bleaching will not reduce the incidence or severity of
sensitivity and will not increase the degree of color change compared with nonlaser light

sources.

SUMMARY

Objective: To evaluate whether the use of laser
during in-office bleaching promotes a reduc-
tion in dental sensitivity after bleaching com-
pared with other light sources.

Methods: The present review was conducted
following the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRIS-
MA) and is registered with PROSPERO
(CDR42018096591). Searches were conducted
in the PubMed/Medline, Web of Science, and
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Cochrane Library databases for relevant arti-
cles published up to August 2018. Only ran-
domized clinical trials among adults that com-
pared the use of laser during in-office
whitening and other light sources were con-
sidered eligible.

Results: After analysis of the texts retrieved
during the database search, six articles met
the eligibility criteria and were selected for
the present review. For the outcome dental
sensitivity, no significant difference was found
favoring any type of light either for intensity
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(mean difference [MD]: -1.60; confidence inter-
val [CI]: -3.42 to 0.22; p=0.09) or incidence (MD:
1.00; CI: 0.755 to 1.33; p=1.00). Regarding
change in tooth color, no significant differenc-
es were found between the use of the laser and
other light sources (MD: -2.22; CI: -6.36 to 1.93;
p=0.29).

Conclusions: Within the limitations of the
present study, laser exerts no influence on
tooth sensitivity compared with other light
sources when used during in-office bleaching.
The included studies demonstrated that laser
use during in-office bleaching may have no
influence on tooth color change.

INTRODUCTION

Tooth whitening is one of the most common cosmetic
procedures performed in dental offices due to the fact
that this conservative, easy-to-execute method offers
fast results.'® Among the different forms of treat-
ment available for bleaching vital teeth, the in-office
method is an alternative.* This clinical method
involves the direct supervision by a dental profes-
sional throughout the application of the bleaching
agent (hydrogen peroxide) to the dental surfac-
og 23:5.6

Hydrogen peroxide serves as a strong oxidizing
agent, leading to the formation of free radicals.’
These free radicals attack complex pigment mole-
cules, resulting in smaller, colorless by-products that
establish the whitening effect seen in the enamel.»"?

In the attempt to enhance the bleaching effect,
many manufacturers recommend the use of light or
heat for the catalytic decomposition of the perox-
ides.®1° Several sources of light proposed for this
purpose include lasers, light-emitting diodes (LEDs),
plasma arc lamps, and halogen lamps.%!12 Howev-
er, this practice is risky as studies show that the use
of light sources can have side effects, such as tooth
sensitivity, due to the increase in intrapulpal
temperature and the influx of free radicals from
the hydrogen peroxide, which can penetrate the
dental structure and reach the pulp.!315

On the other hand, some authors report that the
use of laser in combination with in-office bleaching
agents is recommended as an adequate strategy to
reduce dental sensitivity after office bleaching as
this source emits well-defined monochromatic light
at a single wavelength, thereby reducing the risk of
increasing intrapulpal temperature.’®'® Laser has
also been claimed to have analgesic properties.'®

Operative Dentistry

Thus, the aim of the present systematic review
and meta-analysis was to evaluate whether the use
of a laser during in-office dental bleaching promotes
a reduction in tooth sensitivity after bleaching
compared with other light sources. The hypothesis
was that the application of laser during in-office
dental bleaching reduces tooth sensitivity after
bleaching.

METHODS
Registration Protocol

The present systematic review was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA
statement).?’ The methods used for this systematic
review have been registered with PROSPERO
(CDR42018096591).

Eligibility Criteria

A specific question was developed based on the PICO
(population, intervention, control, and outcomes)
criterion. The following was the guiding question:
Does the use of laser during in-office dental
bleaching promote a reduction in tooth sensitivity
and color change compared with other light sources?
The population was composed of patients receiving
in-office bleaching using a light source; the inter-
vention was in-office bleaching combined with the
use of the laser, and the control was in-office
bleaching with other light sources (LED, halogen
light, and plasma arc lamps). The primary outcome
was tooth sensitivity after bleaching, and the
secondary outcome was the change in color.

Prospective randomized clinical trials published in
the English language that had at least 10 patients
and made a direct comparison between the use of
laser during in-office whitening and other light
sources were considered eligible. Retrospective stud-
ies, crossover studies, in vitro studies, in situ studies,
animal studies, mechanical studies, case reports and
reviews of the literature were excluded.

Search Methods and Search Strategy

Two independent reviewers (BGSC and CAAL)
performed searches in the Cochrane Library,
Pubmed/MEDLINE, and Web of Science databases
for relevant articles published up to August 2018.
The following search terms were used: “dental
bleaching and light OR tooth bleaching and light
OR teeth bleaching and light OR dental whitening
and light OR tooth whitening and light OR teeth
whitening and light.”
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The first phase of the selection process involved an
analysis of the titles and abstracts retrieved during
the search of the electronic databases. For studies in
which it was not possible to obtain sufficient
information, the complete article was obtained. The
two researchers also performed a manual search for
articles published up to August 2018 in specific
journals in the field: Dental Materials, Journal of
Dentistry, Operative Dentistry, and Clinical Oral
Investigations. A manual search of the OpenGrey
database (www.opengrey.eu) was also conducted to
determine relevant articles in the grey literature. A
third reviewer (JRSM) examined all the
divergences of opinion between the two reviewers
regarding the selection of articles, and a consensus
was reached through discussion.

Risk of Bias and Evaluation of Study Quality

Two reviewers (BGSC and CAAL) evaluated the
methodologic quality of the studies included in the
review. For such, the Cochrane criteria were used to
appraise the quality and risk of bias based on
sequence generation, allocation concealment, blind-
ing of participants, personnel or outcome investiga-
tor, incomplete outcome data, selective outcome
reporting, and other sources of bias. Using the
Cochrane system, the risk of bias is classified as
low, high, or unclear.

Data Extraction

Data were extracted by one of the reviewers
(BGSC) to tabulate data of greater relevance to the
analysis of the studies. The following data were
extracted: author/year, type of study, patients, type of
light wused, Dbleaching agent/concentration, tooth
sensitivity, and tooth discoloration.

Meta-analysis

The meta-analysis was based on the Mantel-Haenzel
and the inverse variance methods using Review
Manager 5 (Cochrane Group, Haymarket, London,
United Kingdom). The dichotomous outcome (abso-
lute risk of tooth sensitivity) was evaluated using the
risk ratio, and continuous outcomes (intensity of
tooth sensitivity, subjective and objective color
change) were evaluated based on the mean differ-
ence. A p-value <0.05 was considered indicative of
statistical significance. Heterogeneity was evaluated
based on the I? value (25%=low, 50%=moderate, and
75%=high). When heterogeneity was statistically
significant (p<0.10), a random-effects model was
used for the meta-analysis; otherwise, a fixed-effects
model was used.?

Additional Analysis

An additional analysis was performed using the
Kappa coefficient to establish interexaminer agree-
ment in the selection process of the studies from the
three databases. The Kappa value was obtained by
evaluating the titles and abstracts selected. High
levels of agreement were found for the Cochrane
Library (K=0.86), PubMed/MEDLINE (K=0.88), and
Web of Science (K=0.80) databases.

RESULTS

The search of the databases led to the retrieval of
1301 articles: 763 from PubMed/MEDLINE, 395
from Web of Science, and 143 from the Cochrane
Library. After duplicates were removed, 995 titles
and abstracts were analyzed based on the eligibility
criteria. Ten studies were preselected for full-text
analysis, of which four were excluded for the
following reasons: literature review, failure to use
the laser as a light source, and failure to compare
laser to other light sources. Details on the search
strategy are presented in the flowchart (Figure 1).

Six studies were selected for data analysis and are
listed in detail in Table 1. All studies were
randomized controlled trials, one of which had a
split-mouth design. A total of 136 patients were
included in the studies. Sample sizes ranged from 16
to 40 individuals age 18 to 70 years. In all studies,
hydrogen peroxide was the in-office bleaching agent
used, with a concentration of 35% in three studies,
37% in one study, and 38% in two studies. Evalua-
tions of dental sensitivity were performed in all
studies. Four studies evaluated the incidence of
sensitivity and three evaluated intensity using the
visual analog scale. In four studies, the change in
tooth color was evaluated subjectively using a color
scale.

Risk of Bias

Each trial was assessed for risk of bias; the scores
are displayed in Figure 2. A low risk of bias was
found regarding participant blinding, staff assess-
ment and results, incomplete outcome, and selective
reporting items. However, all studies®*?? had un-
clear bias regarding the random sequence genera-
tion and allocation concealment.

Meta-analysis

Tooth Sensitivity—Dental sensitivity was evaluat-
ed in two ways: intensity and incidence. Intensity
was determined when the patient quantified his or
her response to pain on a visual analog scale, while
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Records excluded

Full-text articles excluded,
with reasons

Literature review (01)
Does not use the laser as a
light source (01)
Does not use other light
sources (02)

Figure 1. Flowchart showing steps of article selection process.
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Figure 2. Cochrane scale for bias

risk.
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Table 1:  Summary of Characteristics of Included Studies

Author, Study  Sample Sex Light Bleaching Light Tooth Sensitivity Color Change
Date Size Source (N) Agent Tsource Intensity Incidence Subjective Obijective
slme per Shade Shade
ession Evaluation Evaluation
Marson and RCT 30 NR Halogen light (10) 35% HP NR NR 5 (10) NR NR
22 -
others, 2008 LED (10) NR 8 (10)
LED/Laser (10) NR 6 (10)

Gurgan and RCT 30
others, 2010%°

M: 11 (27.5%) LED (10)
F: 29 (72.5%)

38% HP 1st 20’

2.9+1.48 NR 8.5£3.59 5.43+0.201

2nd 20’

Laser (10)

PAC (10)

37% HP 1st7 X 15”7 0.59+0.92 NR

8.6£3.19 5.59+0.172
2nd 4 X 15”
3rd 4 X 15”

1st 7/ 3.8+£1.29 NR
2nd 7/
3rd 7'

8.4+2.98 5.28+0.096

de Almeida and RCT 20 NR
others, 20122425

Halogen light (10) 35% HP 1st 20”

LED/laser (10)

2.98+2.97 10 (10) 1.1+0.31 NR
2nd 20"

3rd 20”

1st 3 22+3.22 10 (10) 1.0+0.1 NR
2nd 3’
3rd 3’

Polydorou, and RCT 40 NR
others 2013%°

Laser (10)

Halogen light (10) 38% HP 1st 30” NR NR

55+294 6.1*£19
2nd 30”
3rd 30”
4th 30”

1st 8’ NR NR
2nd 8’
3rd 8
4th 8

11517 2.15*24

Farhat and others, RCT (SM) 16 NR LED (16)

35% HP 1st 3’
27 e ——
2014 LED/laser (16)

2.75+1.53 NR
2.63+1.02 NR

061117 6 (16)

2nd 3’ 075=12  7(16)
3rd 3’

split mouth.

Abbreviations: F, female; HP, hydrogen peroxide; LED, light-emitting diode; M, male; NR, not reported; PAC, plasma arc lamp; RCT, randomized controlled trial; SM,

incidence was assessed by the number of sensitivity
events.

The intensity of dental sensitivity was measured
using the visual analog scale (continuous outcome)
in three studies. The random-effects model revealed
no significant difference favoring any type of light
(mean difference [MD]: —1.60; confidence interval
[CI]: —-3.42 to —0.22; p=0.09). Moreover, laser did not
lead to significantly lower dental sensitivity com-
pared with the other light systems (Figure 3).
However, the data were heterogeneous (x% 29.39;
1°=90%; p<0.0001) and the studies included in the
analysis did not share a common effect size.

The incidence of dental sensitivity among the light
systems combined with the in-office bleaching based
on visual analog scale scores was evaluated in three
studies. The relative risks revealed no differences
between laser and the other light sources (MD: 1.00;
CI: 0.755 to 1.33, p=1.00). Heterogeneity was
nonsignificant (Figure 4), and all studies included
in the analysis shared a common effect size,

suggesting no differences in the incidence of dental
sensitivity among the light sources used.

Color Change—The effectiveness of whitening was
determined in three studies using the subjective
method (Vita Classical shade guide) immediately
after dental whitening. The random-effects model
revealed no significant differences between the use
of laser and other light sources combined with in-
office dental bleaching (MD: —2.22; CI: —6.36 to 1.93;
p=0.29). The data were heterogeneous (y: 30.60;
1°=97%; p<0.00001) (Figure 5), and the studies
included in the analysis did not share a common
effect size.

DISCUSSION

In the present systematic review and meta-analysis,
no significant differences were found in the reduc-
tion of dental sensitivity (intensity or incidence) or
the change in tooth color when the use of the laser
was compared with other light sources (LED,
halogen light, and plasma arc lamps) during in-
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Forest plot Intensity
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Almeida et al 2012 (Halogen llight) 22 322 10 298 297 10 179% -0.78 [-3.50, 1.94]
Farhat et al., 2014 (LED) 075 12 16 061 117 16  28.0% 0.14 [-0.68, 0.96)
Gurgan et al 2010 (LED) 059 092 10 29 148 10 269% -2.31[-3.39,-1.23] -
Gurgan etal., 2010 (Plasma ArcLamp)  0.59 092 10 3.8 129 10 27.3% -3.21[4.19,-2.23] -
Total (95% CI) 46 46 100.0% -1.60 [-3.42, 0.22]

Heterogeneity: Tau? = 2.90; Chi? = 29.39, df = 3 (P < 0.00001); I* = 90%
Test for overall effect: Z = 1.72 (P = 0.09)

3

Forest plot Incidence

2 -0 0 10 20
Favours [experimental] Favours [control]

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Almeida et al 2012 (Halogen llight) 10 10 10 10 356% 1.00 [0.83, 1.20] _Iq-
Farhat et al., 2014 (LED) 7 16 6 16 20.3% 1.17 [0.50, 2.71) . e —
Marson et al 2008 (Halogen light) 6 10 5 10 16.9% 1.20[0.54, 2.67] e
Marson et al 2008 (LED) 6 10 8 10 27.1% 0.75[0.41, 1.36) —_—
Total (95% Cl) 46 46 100.0% 1.00 [0.75, 1.33]
Total events 29 29 X X X X

Heterogeneity: Chi? = 1.23, df = 3 (P = 0.75); I = 0%
Test for overall effect: Z = 0.00 (P = 1.00)

4

Forest plot Color Change

1 2 5

0.2 05
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD_ Total Weight IV, Random, 95% CI IV, Random, 95% CI
Almeida et al., 2012 (LED/Laser) 1 0 10 1.1 031 10 Not estimable
Farhat et al., 2014 (LED) 263 102 16 275 153 16 50.5% -0.12[-1.02, 0.78]
Polydorou et al 2013 (Laser) 116 17 20 55 214 20 49.5%  -4.35[-5.55,-3.15] —
Total (95% CI) 46 46 100.0%  -2.22[-6.36, 1.93]

Heterogeneity: Tau? = 8.65; Chi? = 30.60, df = 1 (P < 0.00001); I* = 97%
Test for overall effect: Z = 1.05 (P = 0.29)

5

Figure 3. Forest plot for the event “sensitivity intensity.”
Figure 4. Forest plot for the event “sensitivity incidence.”

Figure 5.  Forest plot for the event “color change.”

office dental bleaching. Therefore, the initial hypoth-
esis of the study was rejected, which is in agreement
with the findings of previous studies.?226:27

Sensitivity after in-office bleaching procedures is
directly related to the type and concentration of the
bleaching agent, contact time of the bleaching agent
with the tooth structure, and photothermal effect of
the light source used in a way that is compatible
with the application of the bleaching gel. Tooth
sensitivity was assessed after bleaching treatment
in most of the studies included in the present
review. 22427

Although the literature reports that laser has anti-
inflammatory and analgesic effects,?® no reduction in
sensitivity was found when this light source was

4 2 0 2 4
Favours [experimental] Favours [control]

used. This result may be explained by the fact that
the laser does not come into direct contact with the
pulp. Moreover, the layer formed by the bleaching
gel, which has pigments, can minimize the energy
density on the target tissue and cause the reflection
of light, which significantly reduces the absorption of
the laser by the dental pulp. This means that the
therapeutic action of the laser may be reduced,

resulting in no positive effect on tooth sensitivi-
ty.9:27,29.30

Since no beneficial effects on tooth sensitivity have
been found, the use of light sources during the
whitening process should be viewed with caution.
These sources have a photothermal effect on the
bleaching agent, and the conversion of light energy
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into heat can lead to an uncontrolled increase in
intrapulpal temperature.® According to Lima and
others,?! a 5°C increase in temperature is harmful to
the pulp.

Another possible explanation for the lack of a
significant difference in sensitivity (both intensity
and incidence) after bleaching with the use of laser
compared with other light sources is that most of the
studies evaluated®??42” used a hybrid device that
combined three blue LED outputs and three low-
level infrared laser outputs. This hybridization of
light sources can prevent the laser light from being
collimated, so that it does not reach the target tissue
adequately to provide any beneficial effects regard-
ing a reduction in tooth sensitivity.?”

Another benefit often expected when using light
sources during bleaching is the enhancement of the
change in tooth color. Therefore, this was an
outcome evaluated in the present review. Despite
being widely used,?® a subjective color analysis is
complex because the distinction of color can vary
from individual to individual and is influenced by
both environmental and physical factors, such as the
size, shape, and position of the teeth; ambient light;
and background color.’® In the clinical studies
included in the meta-analysis for this outcome,?>27
the results were based on a subjective assessment
using a color scale.

No statistically significant difference in the
subjective color assessment was found when the
use of the laser was compared to LED or halogen
light. This result is in agreement with data reported
in recent studies®>?1%32 in which light activation
during in-office bleaching was found to exert no
influence on the change in tooth color. As the
change in color is directly related to the bleaching
agent used, its concentration, and contact time with
the dental surface, this may explain the lack of
significant differences among the light sources
evaluated.??

Although the influence of laser and other light
sources is being investigated throughout the world,
several characteristics of the studies limit the
discussion. In addition, these results should be
interpreted with caution given that for the four
studies included in the meta-analysis the mean
scores for pain in the control group were low. Having
low values in the control group may make it difficult
to resolve the effect of the treatment studied.
Although all studies included in the present system-
atic review were randomized clinical trials, the large
diversity of protocols regarding the application of the

light source and whitening gel as well as the
concentration of these agents prevent the direct
comparison of results. Further studies with stan-
dardized protocols are required as well as studies
that use precise, objective color and sensitivity
assessment methods to reduce the potential influ-
ence of bias.

CONCLUSIONS

Within the limitations of this study, the evidence in
this systematic review and meta-analysis suggests
that laser exerts no influence on tooth sensitivity
compared with other light sources when used during
in-office dental bleaching. The included studies
demonstrated that laser use during in-office bleach-
ing may have no influence on the degree of tooth
color change.
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