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Abstract
Objectives This network meta-analysis compares different lasers, placebo, and no treatment in terms of their effects on dentine
hypersensitivity (DH) immediately after treatment and over the long term (1 month).
Methods A systematic electronic literature search of four databases and a manual search were performed to identify randomized
controlled trials (RCTs) examining different laser treatments for the treatment of DH. Pairwise and network meta-analyses were
performed to analyze the desensitization effect immediately after treatment and over the long term. The risk of bias was assessed
based on the Cochrane guidelines and funnel plots. The quality of the evidence, statistical heterogeneity, inconsistencies, and
ranking probability were also evaluated.
Results A total of 11 RCTs were included in the network meta-analysis; 11 and 9 of these studies analyzed immediate and long-
term effects, respectively. All four types of laser had a better desensitizing effect than controls immediately after treatment and
over the long term, but there were no significant differences among the four different lasers. There was a significant placebo effect
immediately after treatment. The laser with the highest probability of being the most effective treatment for DHwas Er,Cr:YSGG
immediately after treatment and over the long term (73% and 47%, respectively).
Conclusions All four types of laser had significantly better effects than no treatment onDH immediately after treatment and in the
long term, but there were no significant differences among the four lasers. In addition, there was a significant placebo effect,
supporting the importance of including a placebo group in future studies. Furthermore, Er,Cr:YSGG may be the most effective
laser for the treatment of DH immediately and over the long term.
Clinical relevance This study used network meta-analyses to compare different lasers, placebo, and no treatment over different
time periods, which is to provide guidance for selecting an appropriate laser treatment in patients with DH.
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Introduction

Dentine hypersensitivity (DH) is a common oral symptom
characterized by short and sharp pain when exposed dentine
of the affected tooth receives external stimulation [1]. People

of any age can suffer from DH, but middle-aged individuals
are particularly susceptible [2]. Any tooth can suffer fromDH,
but it mostly occurs in canines and premolars [3]. In addition,
the incidence of DH is greater amongwomen than amongmen
[2]. DH is mainly caused by occlusal wear, acid erosion, or
wedge defects of the tooth neck, which leads to loss of enamel
and/or the cementum layer and dentine exposure [4]. The
hydrodynamic theory is the most widely accepted mechanism
of DH, which was proposed by Brannstrom and Astrom [5].
Many treatments for DH have been proposed to reduce fluid
flow in the dentine tubules or block pulpy nerve impulses [6,
7].

Lasers are a promising method for the treatment of DH.
Various types of laser have been used for DH treatment, in-
cluding GaAlAs, Nd:YAG, Er:YAG, Er,Cr:YSGG, and CO2

lasers with different wavelengths [8–12]. Their effectiveness
ranges from 5.2 to 100% depending on the laser type and
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parameters [13]. The mechanism of laser desensitization is
melting and recrystallizing the dentine tubules and closing
the dentine tubules or causing physiological changes in the
pulpy never fibers inside the dentine tubules [14, 15].
Advantages of laser therapy for the treatment of DH include
reliability, immediacy, and having a reproducible analgesic
effect [13, 16].

Previous systematic reviews and meta-analyses have ana-
lyzed the efficacy of lasers for the treatment of DH [17–20].
However, these have had some limitations. For example, pre-
vious meta-analyses only examined the desensitization effects
of lasers or low-power lasers without specifically classifying
the lasers [17, 18]. Secondly, some previous reports only con-
sidered the long-term desensitization effects of lasers without
evaluating the immediate effect. In addition, the final follow-
up time of these studies varied, which may lead to bias [19,
20]. Furthermore, these previous works included studies relat-
ed to DH periodontal maintenance or were performed after
bleaching, which may bias the results. Moreover, these reports
did not provide relevant rankings of the desensitization effects
of the different lasers.

Network meta-analysis (also known as multiple treatment
comparison) allows us to synthesize data from both direct and
indirect comparisons of various regimens [21, 22]. Clinicians
should consider all data that may be relevant when comparing
different treatment options and multiple treatment compari-
sons can be performed with a wide network of studies [23].
Furthermore, Bayesian approaches allow us to estimate the
rank probability [22]. However, to the best of our knowledge,
no network meta-analysis has been performed on DH of dif-
ferent laser therapies. Therefore, it is important to perform a
more comprehensive systematic review and network meta-
analysis on the effects of different lasers on DH and to provide
relevance rankings for the various lasers.

Overall, our aim was to provide guidance for selecting an
appropriate laser treatment in patients with DH, using network
meta-analyses to compare different lasers, placebo, and no
treatment over different time periods.

Methods

The network meta-analysis was performed according to the
international guidelines for conducting and reporting system-
atic reviews as well as pairwise and network meta-analyses
[24, 25]. In addition, this research has been registered in the
International Prospective Register of Systematic Reviews
(PROSPERO-CRD42019118739).

Search strategy

Four main databases, namely, PubMed, Embase, Web of
Science, and CENTRAL (Cochrane Library), were searched

for relevant studies. Only English language studies exploring
the desensitization effects of different lasers, placebo, or no
treatment on DH were identified from inception up to
December 11, 2018. The database was searched using the
following combination of text and MeSH terms: “lasers” and
“dentine hypersensitivity”. The search strategy is described in
the Appendix (S1). In addition, ProQuest Dissertation
Abstracts, the International Clinical Trials Registry Platform,
a thesis database, ClinicalTrials.gov, and the System for
Information on Gray Literature in Europe database were also
searched, in order to find the “gray” literatures that were
written in English. Furthermore, a manual search was also
performed to review the reference lists of related papers and
review articles, as a supplement to the electronic search.

Study selection and data extraction

Randomized controlled trials (RCTs) comparing the different
effects of lasers, placebo, or no treatment on DH were
reviewed. Based on the PICOS model [26], inclusion and
exclusion criteria were established, which can be summarized
as follows:

Patients: systemically healthy adult patients with DH were
included; studies related to DH periodontal maintenance or
after bleaching were excluded.

Intervention and comparator: any lasers (GaAlAs,
Nd:YAG, Er:YAG, Er,Cr:YSGG, CO2), placebo, and no treat-
ment were included. There were no limits on the power or
management method, but the first follow-up time had to be
less than 30 min and the long-term follow-up time was
1 month (4 weeks and 30 days were also included). Studies
on other treatments or where the follow-up time did not meet
the requirements were excluded.

Outcomes: the quantitatively assessed effects of different
lasers, placebo, or no treatment on DH based on the air blast
test score on the VAS scale were included. Studies on other
types of stimulation and measurement scales were excluded.

Studies: only RCTs were included. Case studies, in vitro
studies, animal experiments, unpublished materials, and re-
view papers were excluded.

Two authors screened the titles and abstracts of the studies,
independently, which found the studies that met all the inclu-
sion criteria for full-text evaluation. An arm that was not rel-
evant to our analysis was excluded, if the included studies
have at least three arms. Information required for this study
was extracted from the selected studies by two authors. The
extracted information and data included the first author of the
study, publication year, country, first follow-up time, other
follow-up time, intervention and comparator group, number
of interventions and comparisons, laser parameters, and mea-
surement scale. During this process, if there is any disagree-
ment, a consensus can be reached through discussion with a
third author.
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Risk of bias and assessment of the quality of evidence

The Cochrane Collaboration tool in ReviewManager (version
5.0 for Windows; the Cochrane Collaboration, Oxford, UK)
was used to evaluate the quality and risk of bias in included
studies [27]. When all bias indicators were evaluated as low
risk, the RCTs had a low risk of bias, and the RCTs had a high
risk of bias when one or more bias was assessed as high risk of
bias; all the other conditions were regarded as moderate risk of
bias [28]. Funnel plots created in Stata (version 14, Stata Corp,
College Station, TX, USA) were used to evaluate the possi-
bility of publication bias in the selected studies [29]. Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE) was used to assess the quality of evi-
dence of the final selected studies. All the above steps were
performed by two authors independently. If there are any dif-
fering views, a consensus was reached by discussion with the
third author.

Sensitivity analysis

For sensitivity analysis, the studies with a high risk of bias
were excluded both in the immediate term and in the long
term.

Statistical analysis

A variance calculation and node-splitting analyses were con-
ducted in ADDIS 1.16 (Drugis .org) to evaluate
inconsistencies within the network meta-analysis. If there
was a difference between random effects variance and high
inconsistency or the difference between direct and indirect
evidence was P < 0.05, significant inconsistency was
present. We adjusted included studies to obtain a consistent
ideal network based on quantitative estimation.

We first performed a traditional pairwise meta-analysis
using a random effects model in ADDIS 1.16 to synthesize
studies comparing the same pair of treatments. The results are
shown as mean differences (MDs) with 95% confidence inter-
vals (CIs). The I2 test was used to evaluate heterogeneity
across studies, and a value > 50% was considered to indicate
moderate-to-high heterogeneity [30]. Statistical significance
was assigned at P < 0.05.

Second, we established a random effects network within a
Bayesian framework model using Markov chain Monte Carlo
methods in ADDIS 1.16 [31]. We networked the translated
binary outcomes of the desensitization effect and specified
the relationship among the MDs across studies making differ-
ent comparisons, as reported previously, which combined di-
rect and indirect comparisons of different treatments to ensure
the most comprehensive comparison of any given pair of la-
sers, placebo, and no treatment [32]. Statistical significance
was considered at P < 0.05 based on 95% CIs.

The ranking probability of each treatment was also estimat-
ed in ADDIS 1.16 by calculating the MD of each treatment
group compared with arbitrary common controls and counting
the proportion of iterations of the Markov chain of the MD
ranking for treatments.

Results

Study selection

Four databases were searched, and reference sections of rele-
vant articles were also manually searched; 893 and 106 re-
cords were identified, respectively. A total of 298 duplicate
articles were excluded. After screening titles and abstracts,
another 618 studies were also excluded since they did not
meet the inclusion criteria. The remaining 83 studies were
assessed by reviewing full texts and choosing 11 studies that
compared the desensitization effect between four different la-
sers, placebo, and no treatment immediately after treatment
and over the long term (1 month) (Fig. 1).

Study characteristics

Basic characteristics of the 11 included studies are shown in
Table 1. All the final included studies were between 2002 and
2018 that included GaAlAs, Nd:YAG, Er:YAG, and
Er,Cr:YSSG lasers [8, 10, 11, 33–40].

The follow-up time of included studies ranged from the
period immediately after treatment to 6 months. The follow-
up time was immediately after laser treatment when assessing
the immediate desensitization effects of lasers, excluding
Dilsiz et al.’s [36] 30 min and Maximiano et al.’s [40] 5 min
after treatment. Since 1 month (4 weeks and 30 days included)
was the most common follow-up time in the studies, we chose
this time point as the long-term period. Vieira et al. [35],
Yilmaz et al. [11], and Soares et al. [39] only evaluated imme-
diate outcomes.

We established networks for our comparisons (Fig. 2). In
this figure, each node represents a treatment to DH.
Connections between nodes denote direct comparisons; node
size and the thickness of connection vary according to the
number of studies performing the comparison.

Risk of bias

The evaluation of risk of bias of included studies showed that
only one study had a low risk, six had a moderate risk, and the
other four had a high risk (Fig. 3). The most common type of
bias was selective reporting. The funnel plots were used to
evaluate the publication bias of these studies (Fig. 4).
According to the network meta-analysis, there was no
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significant asymmetry or evidence of significant bias among
the selected studies in terms of the desensitization effect.

Evidence grading and sensitivity analysis

The quality of evidence of the final included studies indicated
lasers vs. placebo or no treatment with a moderate or low
quality in the immediate and long term, and the results of
the quality of the selected studies are shown in Tables 3–4.
In addition, results of the sensitivity analysis of network meta-
analysis are summarized in the Appendix (S2, S3).

Inconsistency assessment

Results of the inconsistency test are provided in the Appendix
(S4). Our results indicate no significant inconsistency between

comparisons except Er:YAG versus Nd:YAG (P < 0.05),
which shows that it conforms to the similarity assumption.

Pairwise and network meta-analyses

Results of pairwise meta-analysis are provided in the
Appendix (S5, S6). Nd:YAG was better than Er:YAG, and
GaAlAs was better than no treatment immediately after treat-
ment and in the long term. In addition, Er:YAG and
Er,Cr:YSGG had better immediate effects than placebo.

Results of the network meta-analysis are summarized in
Table 2. The GaAlAs, Nd:YAG, Er:YAG, and Er,Cr:YSGG
had better desensitization effects than no treatment at both
time points. Er,Cr:YSGG was better than placebo, and place-
bo was better than no treatment in immediate effects.
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Rank probabilities

The treatment ranking of probability results is shown in Fig. 5.
Treatments with greater values on the histogram were

associated with greater probabilities for a lower desensitization
effect. According to the network of immediate effects, the cu-
mulative probabilities of being the most efficacious treatments
were 73% for Er,Cr:YSGG followed by Nd:YAG, GaAlAs,
Er:YAG, placebo, and no treatment, sequentially. Based on
the network of long-term (1-month) desensitization effects,
the cumulative probabilities of being the most efficacious treat-
ments were 47% for Er,Cr:YSGG followed by Nd:YAG,
Er:YAG, GaAlAs, placebo, and no treatment, sequentially.

Discussion

DH is a common presentation in the dental clinic and has a
negative effect on quality of life [41]. Lasers have been used to
treat DH since the mid-1980s, and their effectiveness has been
supported in many clinical trials [42]. However, the results of
these studies have not been consistent [33, 36], and some
researchers believe that previous meta-analyses did not draw
the conclusion that laser therapy decreases DH based on avail-
able evidence [43, 44].

Only RCTs were included in this network meta-analysis.
RCTs could minimize the confounding impact, which

a

b

Fig. 3 The risk of bias of the included RCTs. a Summary for each included RCT. b Graph of all included RCTs

Fig. 2 Network comparing the desensitization effect of lasers, placebo, or
no treatment in the immediate term and in the long term
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Table 2 Immediate (A) and long-term (B) desensitization effect based on network meta-analysis

(A) Immediate effect

Er,Cr:YSGG 2.09 (-.081, 

4.90)

1.89 (-0.66, 

4.54)

0.91 (-1.85, 

3.70)

5.93 (2.84, 

9.07)

2.61 (0.39, 

4.74)

-2.09 (-4.90, 

0.81)

Er:YAG -0.20 (-2.80, 

2.53)

-1.18 (-3.68, 

1.44)

3.86 (0.65, 

7.08)

0.52 (-1.88, 

2.98)

-1.89 (-4.54, 

0.66)

0.20 (-2.53, 

2.80)

GaAlAs -1.00 (-3.28, 

1.28)

4.02 (1.26, 

6.87)

0.70 (-1.45, 

2.83)

-0.91 

(-3.70,1.85)

1.18 (-1.44, 

3.68)

1.00 (-1.28, 

3.28)

Nd:YAG 5.03 (2.04, 

8.05)

1.69 (-0.39, 

3.72)

-5.93 (-9.07, 

-2.84)

-3.86 (-7.08, 

-0.85)

-4.02 (-6.87, 

-1.26)

-5.03 (-8.05, 

-2.04)

No treatment -3.32 (-6.35, 

-0.41)

-2.61 (-4.74, 

-0.39)

-0.52 (-2.98, 

1.88)

-0.70 (-2.83, 

1.45)

-1.69 (-3.72, 

0.39)

3.32 (0.41, 

6.35)

Placebo

(B) Long-term effect

Er,Cr:YSGG 1.21 (-2.24, 

4.84)

1.18 (-2.43, 

4.87)

0.29 (-3.34, 

3.99)

6.21 (2.26, 

10.05)

2.52 (-0.69, 

5.72)

-1.21 (-4.84, 

2.24)

Er:YAG -0.04 (-3.66, 

3.48)

-0.97 (-4.14, 

2.30)

4.99 (0.95, 

8.86)

1.27 (-1.82, 

4.29)

-1.18 (-4.87, 

2.43)

0.04 (-3.48, 

3.66)

GaAlAs -0.93 (-4.29, 

2.65)

5.01 (1.38, 

8.53)

1.31 (-1.88, 

4.59)

-0.29 (-3.99, 

3.34)

0.97 (-2.30, 

4.14)

0.93 (-2.65, 

4.29)

Nd:YAG 5.95 (1.93, 

9.65)

2.27 (-0.52, 

4.80)

-6.21 (-10.05, 

-2.26)

-4.99 (-8.86, 

-0.95)

-5.01 (-8.53, 

-1.38)

-5.95 (-9.65, 

-1.93)

No treatment -3.70 (-7.60, 

0.14)

-2.52 (-5.72, 

0.69)

-1.27 (-4.29, 

1.82)

-1.31 (-4.59, 

1.88)

-2.27 (-4.80, 

0.52)

3.70 (-0.14, 

7.60)

Placebo
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suggests the most objective comparison. In addition, it
strengthens the validity of included studies because of reduc-
ing selection bias, but it may narrow the available database.

There are many factors that can affect the effectiveness of
laser treatment toward DH, such as the laser parameters, the
methods of DH evaluation, the types of stimulation, different
follow-up times, and the cause of DH [9, 45]. At this time,
there are no established gold standards for laser parameter
settings, and few studies have applied lasers with the same
parameters. Thus, there are no definitive guidelines for the
laser parameter settings in this study. However, it is important
to use an appropriate irradiation time, wavelength, and power,
to ensure patient safety [46]. Differences in DH assessment
methods may lead to differences in reproducibility, leading to
high levels of heterogeneity that can affect comparisons with
different studies [20]. However, there is no gold standard eval-
uation method for DH. Some studies have used SMD to com-
bine data from different scales and make comparisons be-
tween studies in previous meta-analyses to reduce the impact
of different measurement scales on the results [47]. Only stud-
ies that used the VAS were included in this network meta-
analysis, which could eliminate the effects of different mea-
surement scales. Various types of stimulation have been used
in clinical trials such as cold air, water, thermal or tactile stim-
uli, and subjective evaluation [48, 49]. Only studies that used

air blast tests were included in this network meta-analysis,
which could eliminate the influence of different stimulations.
Compared with other types of stimulation, the air blast test is a
more common and reproducible method for evaluating DH
[17, 50]. Besides, the distance of the air blast stimulus can affect
the results, and no standardization was established. The dis-
tance of the air blast stimulus among these was from 1 mm to
1 cm, whichmay add bias in the results. In most studies, several
follow-up periods for laser efficacy have been examined.
However, the follow-up time varies between studies, particular-
ly the time of the final follow-up. To allow for comparison of
follow-up times between studies, we selected the first time
which is less than 30 min as the immediate effect and 1 month
(including 4 weeks and 30 days) as the long-term effect. Some
patients who experience bleaching or periodontal maintenance
treatment may also suffer from DH, but the different causes for
the sensitivity of dentinemay bias the results. Therefore, studies
related to DH periodontal maintenance or after bleaching were
excluded from this network meta-analysis. In addition, one
thing should be noted that the feeling of pain in a patient with
DH is an individual and subjective symptom that varies be-
tween individuals, which may also lead to bias.

The assessment of risk of bias showed that four had a high
risk, and the most common type of bias was selective
reporting. In the sensitivity analysis, the authors excluded

Table 4 GRADE summary of randomized controlled clinical trials included in the final analysis of long-term outcomes (n = 8)

Certainty assessment No. of patients Effect Certainty Importance

No. of
studies

Study design Risk
of bias

Inconsistency Indirectness Imprecision Other
onsiderations

Laser Placebo Absolute
(95% CI)

Er:YAG vs. Nd:YAG
2 Randomized

trials
Not

serious
Not serious Not serious Seriousa None 45 45 MD 1.95 higher

(1.37 higher
to 2.52
higher)

⨁⨁⨁◯
Moderate

Critical

Placebo vs. Nd:YAG
3 Randomized

trials
Not

serious
Not serious Not serious Seriousa None 68 68 MD 1.39 higher

(2.5 lower to
5.27 higher)

⨁⨁⨁◯
Moderate

Critical

No treatment vs. GaAlAs
2 Randomized

trials
Not

serious
Not serious Not serious Seriousa None 92 92 MD 4.73 higher

(3.39 higher
to 6.06
higher)

⨁⨁⨁◯
Moderate

Critical

Placebo vs. Er,Cr:YSGG
2 Randomized

trials
Not

serious
Not serious Not serious Seriousa None 49 49 MD 2.96 higher

(0.88 lower to
6.8 higher)

⨁⨁⨁◯
Moderate

Critical

Placebo vs. Er:YAG
2 Randomized

trials
Not

serious
Not serious Not serious Seriousa None 28 28 MD 1.6 higher

(0.98 lower to
4.18 higher)

⨁⨁⨁◯
Moderate

Important

CI confidence interval, MD mean difference
a The sample size of the study is small and the number of participants is small
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these four high-risk studies, which indicated that it did not
influence the conclusions. Besides, the results of publication
bias suggest that there was no significant asymmetry or evi-
dence of significant bias among the selected studies in terms
of the desensitization effect. All these indicate that the results
of this study have certain credibility.

According to the network meta-analysis of the immediate
effect, the desensitization effect was in the order of
Er,Cr:YSGG > Nd:YAG > GaAlAs > Er:YAG > placebo > no
treatment. However, there were no significant differences
among the four different lasers, and there were no significant
differences among Nd:YAG, GaAlAs, Er:YAG, and placebo
treatment. According to the network meta-analysis on the
long-term (1-month) effect, the desensitization effect was in
the order of Er,Cr:YSGG > Nd:YAG > Er:YAG > GaAlAs >
placebo > no treatment. However, there were no significant
differences among the four different lasers and placebo or be-
tween the placebo and no treatment. Our results indicate that
Er,Cr:YSGG, Nd:YAG, Er:YAG, and GaAlAs lasers had better
desensitizing effects on DH than no treatment in the immediate
term and in the long term (1 month) but were not better than
placebo (excluding Er,Cr:YSGG for the immediate effect). This
result is in line with a previous systematic review [51].

However, it is inconsistent with Lin et al. who reported that
lasers are significantly better than placebo [17]. The difference
may be due to differences in the inclusion criteria, where we
only included studies using the VAS measurement scale and a
final check time of 1 month. Furthermore, studies related to DH
periodontal maintenance or after bleaching were also excluded
from our study. The placebo effect will affect evaluation of the
laser desensitization effect. Some studies have reported signifi-
cant reliefs in DH due to the placebo effect, which is reflected in
our results on the immediate effect [52]. This result also supports
the importance of including placebo groups in future studies.

DH is a subjective feeling of patients and the degree of
pain, which is mainly based on patients self-report. Other rel-
evant factors may also affect the response of patients to dif-
ferent treatments on DH [53]. At present, the most common
method used to measure the pain of DH is VAS. However, this
method does not include other oral or physical conditions that
may affect the results [54]. Besides, some studies have
highlighted the importance of dental patient-reported pain on
oral health and show that the dental patient-reported outcome
measure (dPROM) should be adopted to get the dental patient-
reported outcome (dPRO) [55]. Therefore, a dPROM suitable
for evaluating the pain of DH is required.

Fig. 5 Ranking probability of each treatment effect on DH in the immediate term (a) and in the long term (b)
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To the best of our knowledge, this is the first network meta-
analysis comparing immediate and long-term (1-month) effects
among lasers, placebo, and no treatment on DH. However,
there were several limitations to this study. First, the sample
sizes of the included studies were insufficient to draw definitive
conclusions. Second, maintaining the desensitization effects of
laser treatment requires long-term maintenance of oral health
and regular review, but the effects of patient compliance on
repair outcomes were not mentioned in most of the included
studies. Third, our study was limited to articles published in
English and those available in four major literature databases,
which may have resulted in selection bias. Besides, the quality
of evidence of the included studies with a moderate or low
quality could also influence the final results of this study. To
address these issues, further well-designed RCTs with enough
participants and high quality of evidence grade are needed.

Conclusions

In conclusion, this network meta-analysis showed no signifi-
cant differences were observed among Er,Cr:YSGG,
Nd:YAG, Er:YAG, and GaAlAs lasers both in the immediate
term and over the long term (1 month). However, based on the
treatment ranking of probability, which indicated that
Er,Cr:YSGG may be the best laser for the treatment of DH
in the immediate term and in the long term (1 month). In
addition, the results of this study showed that there was a
significant placebo effect on DH, supporting the importance
of including a placebo group in future studies.
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