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Introduction

Peri-implantitis is the inflammation of the soft and 

hard tissues around an osseointegrated implant, and it is 

accompanied by abscesses, bleeding, bone loss, and other 

symptoms which form peri-implantitis bags and leads to 

osseointegration failure (1,2). It has been reported that 

about 7% of implant patients have peri-implantitis (3), with 
a number of studies showing that its pathogenesis is related 
to microbial reproduction (4-6). Therefore, the primary 
treatment for peri-implantitis is the removal of bacterial 
biofilms and stones from an implant’s surface (7).

At present, the treatment principles of peri-implantitis 
mainly mirror the treatment guidelines for periodontitis 
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(8,9). However, recent studies have shown the difficulties 
of using conventional mechanical treatments for removing 
implants with screw threads or rough surfaces (10,11). In 
addition, the rough surface of an implant may also shelter 
bacteria from being removed by conventional mechanical 
methods (12). More studies have shown that after 
subgingival mechanical scaling, the clinical indicators of 
patients with peri-implantitis are not significantly improved 
and changes to the microbial flora on the surface of implant 
structures are relatively limited (13,14). Therefore, this 
study aims to find more effective treatment methods 
for peri-implantitis, a condition which has become an 
important issue for treating clinicians (15). 

The main treatment for peri-implantitis include 
both surgical and non-surgical methods (16,17). Non-
surgical methods include laser treatment, local medicine 
administration, sandblasting, plastic curettage, carbon 
fiber implant scaling, and so on (18-21). The purpose 
of this treatment is to remove stones and bacteria from 
an implant’s surface. Some studies have shown that an 
erbium-doped yttrium aluminum garnet (Er:YAG) laser 
has strong bactericidal abilities at low energy densities, 
can clean and disinfect an implant’s surface safely and 
effectively, and will not cause morphological changes to 
an implant’s surface structure or cause heat damage to 
surrounding bone (22,23). 

Although there are strong advantages to using ERL 
in the treatment of peri-implantitis, many scholars still 
dispute the efficacy of ERL (5,8,10). Our study conducted 
a systematic review and meta-analysis of relevant studies to 
determine the efficacy and safety of Er:YAG lasers versus 
conventional mechanical debridement in the treatment of 
peri-implantitis. 

We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1853).

Methods

Literature search strategy

Electronic databases including PubMed, Cochrane Library, 
Medline, Web of Science (WOS), Excerpta Medica Database 
(Embase), and China National Knowledge Infrastructure 
(CNKI) were systematically searched for eligible studies 
between January 2000 and May 2021. The following 
keywords were used for the search: (I) Er:YAG laser; (II) 
peri-implantitis; (III) surgical therapy. These keywords were 

used in combination with the Boolean operators ‘AND’ or 
‘OR’ to search the literature. We conducted a comprehensive 
search across several databases, and no restrictions were 
placed on either the language or publication status of the 
investigated studies. In order to maximize the specificity and 
sensitivity of the search, the author of this study checked 
the reference list of each research article to determine other 
relevant studies which had not been found using the initial 
search strategy. Disagreements between reviewers were 
resolved with consensus.

Study selection

The inclusion criteria were as follows: (I) patients with peri-
implantitis; (II) comparisons of patients receiving Er:YAG 
laser treatment and conventional mechanical treatment; 
(III) containing indicators evaluating the differences 
in effectiveness between Er:YAG laser treatment and 
conventional mechanical treatment; (IV) available in full text.

The exclusion criteria were as follows: (I) research does 
not meet the inclusion criteria; (II) study lacks available 
data; (III) review or abstract only (not full text), or duplicate 
publication.

Data extraction and quality assessment

The search and data extraction were both done by two 
reviewers, with disagreements being resolved by consulting 
a third reviewer. Reviewers extracted the following data 
from each eligible study: the author listed first, country 
of origin, year of publication, sample size, study duration, 
intervention, treatment approach, and primary outcome.

Study quality was evaluated by the Cochrane risk of 
bias assessment. The methodological quality of each trial 
was evaluated according to the following items: (I) random 
sequence generation; (II) allocation concealment; (III) 
blinding of participants and personnel; (IV) blinding of 
result evaluation; (V) incomplete result data; (VI) selective 
reporting; (VII) other biases. Each item was assessed as low 
risk, high risk or unclear. Any discrepant judgments were 
resolved by joint discussion that arrived at consensus.

Statistical analysis

A review manager (Version 5.4, Cochrane Collaboration, 
2020) was used to estimate the impact of the results from 
the selected report. Statistical heterogeneity between studies 
was assessed by either a chi-squared test or Cochran’s 

https://dx.doi.org/10.21037/apm-21-1853
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Q test and an I2 statistic, which is a tool that measures 
inconsistency across study results and describes the 
proportion of total variation in study estimates that is due 
to heterogeneity rather than sampling error. We considered 
I2 values ≥50% to indicate substantial heterogeneity, when 
heterogeneity was present (I2≥50%), a random effects model 
was used to calculate the pooled odds ratio (OR) or mean 
difference (MD), while a fixed effects model was used in 
its absence. In addition, any potential publication bias was 
assessed using a funnel plot.

Results

Search process

A total of 1,265 study titles and abstracts were identified 
by our electronic search strategy. Of this total, 111 study 
titles and abstracts were removed due to being duplication, 
which left 1,154 unique articles. Following application of 
the inclusion and exclusion criteria during the screening 
of study titles, 498 further citations were excluded. 
In consideration of the study’s design and lack of data 
presented, 646 articles were rejected. Thus, 10 studies 
met the criteria for inclusion in our study’s meta-analysis  
(24-33). The results of the search process are illustrated in 

the flowchart shown in Figure 1.

Characteristics of included studies

Table 1 shows the main characteristics of the included 
studies, which amounted to 294 patients with peri-
implantitis and a total of 461 implants. Of the 10 studies, 
7 were randomized controlled trials, 2 were controlled, 
parallel design studies, and 1 was a prospective case series 
study. Patients received both surgical and non-surgical 
treatments, and the length of follow-up ranged from 
between 6 and 12 months. The primary outcomes of these 
studies focused on probing depth (PD), clinical attachment 
level (CAL), plaque index (PI), bleeding on probing (BOP) 
and gingival recession (GR). 

Results of quality assessment

The methodological quality of the included studies was 
evaluated for bias risk as according to the Cochrane risk of 
bias assessment. Among the 10 articles, a high risk of selection 
bias was found in 2 studies, and a high risk of attrition bias was 
found in 1 study (Figure 2A). A summary of the risk of bias 
assessment for each study is shown in Figure 2B. 

1,265 records identified 
through database 

searching

0 additional records 
identified through other 

sources

1,154 records after duplicates removed

656 records screened

498 records excluded

75 full-text articles assessed for eligibility 

581 full-text articles excluded, with reasons
- No peri-implantitis (n=265)
- Vitro study (n=128)
- No Er:YAG laser intervention (n=188)

10 studies included in quantitative 
synthesis

Full-text articles excluded
- No relevant data (n=42)
- Review (n=9)
- No quantitative study (n=14)

10 studies included in meta-analysis

Figure 1 Flowchart of study selection.
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A

B

Figure 3 Forest plot: Er:YAG laser versus conventional mechanical debridement for PD reduction. (A) At 6 months; (B) at 12 months. PD, 
probing depth.

Results of heterogeneity test

Among the 10 trials, all studies had a follow-up period of 
6 months, while 3 studies reported further outcomes at  
12 months. Therefore, clinical outcomes in our study 
analyzed data relating to 6 and 12 months following 
treatment. In addition, 7 articles adopted non-surgical 
treatment approaches and surgery was used in the other  
3 articles, so a subgroup analysis was conducted to compare 
the surgical and non-surgical groups.

PD

At 6 months, the ERL group had a statistically greater PD 

reduction than the control group (MD 0.28, 95% CI: 0.02 
to 0.53, P=0.03, random effect model, Figure 3A), and the 
included studies were all heterogeneous (I2=66%, P=0.003). 
The pooled PD reduction between the two groups at  
12 months showed similar results, with an MD of 0.35 (95% 
CI: 0.13 to 0.57, P=0.002, Figure 3B) and no significant 
heterogeneity (I2=0%, P=0.40). 

Clinical attachment level

Six studies reported CAL changes at 6 months, while  
3 studies report changes at 12 months. Meta-analysis 
showed that no significant differences were found at the 
6-month evaluation of CAL (MD 0.17, 95% CI: −0.12 to 
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0.45, P=0.25, Figure 4A), and similar results was observed 
after 12 months (MD 0.23, 95% CI: −0.08 to 0.55, P=0.15,  
Figure 4B). There was no significant heterogeneity of 
the CAL assessments at 6 months (P=0.26, I2=24%) or  
12 months (P=0.31, I2=15%). 

PI

Six studies reported the PI at 6 months following treatment 
and in 3 studies at 12 months post-treatment. A random 
effect model was used to evaluate the heterogeneity of the 
PI. The results showed no significant differences between 
the 2 groups at 6 months (MD =−0.02 with 95% CI: −0.17 
to 0.13, P=0.75, Figure 5A) or 12 months (MD =−0.07 with 
95% CI: −0.36 to 0.23, P=0.66, Figure 5B). No evidence 

of heterogeneity was found for the PI estimate, and the 
I2 statistics were 14% at 6 months (P=0.32) and 0% at  
12 months (P=0.73). 

Bleeding on probing

In the evaluation of BOP between the ERL and control 
groups, 6 articles involving 210 implants at 6 months and  
3 articles involving 98 implants at 12 months were included. 
Each BOP was analyzed by a random effect model. The 
MD of BOP was 9.54% at 6 months, with 95% CI: −4.37% 
to 23.45% (P=0.18, Figure 6A), and 11.28% at 12 months, 
with 95% CI: −7.70% to 30.27% (P=0.24, Figure 6B). The 
pooled studies were heterogeneous (P=0.0005, I2=77%, at  
6 months; P=0.03, I2=72%, at 12 months). 

A

B

Figure 4 Forest plot: Er:YAG laser versus conventional mechanical debridement for CAL improvement. (A) At 6 months; (B) at 12 months. 
CAL, clinical attachment level.



9009Annals of Palliative Medicine, Vol 10, No 8 August 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(8):9002-9014 | https://dx.doi.org/10.21037/apm-21-1853

A

B

Figure 5 Forest plot: Er:YAG laser versus conventional mechanical debridement for PI. (A) At 6 months; (B) at 12 months. PI, plaque index.

GR

To analyze the differences in GR changes between the 
ERL and control groups, we performed a meta-analysis to 
calculate the overall MD using a random effect model based 
on heterogeneity analysis. The MD was −0.12 at 6 months 
with 95% CI (−0.23, −0.00), while the P value of the overall 
effect was 0.04, with no significant heterogeneity among 
the included studies (P=0.25, I2=25%, Figure 7A). Similar 
results were obtained in the comparison of GR changes at 
12 months, as the MD was −0.16 (95% CI: −0.31 to −0.02, 
P=0.03, Figure 7B) and without significant heterogeneity 
among the studies (P=0.84, I2=0%).

Publication bias

A funnel plot was drawn to qualitatively evaluate the 

publication bias for PD and CAL, with the shape of the 
funnel plots showing evidence of symmetry (Figure 8), 
while an Egger’s test was nonsignificant (PD: P=0.65; CAL: 
P=0.73) and indicated no significant publication bias existed 
in our meta-analysis. 

Discussion

In recent years, different laser types have been used 
to treat peri-implantitis, either directly or assisted by 
conventional debridement (34,35). There are three varieties 
of laser which are used for this treatment, the solid-state 
laser, gas laser, and semiconductor laser (36-38). The 
application of laser therapy has many advantages, such as 
ease of operation, good hemostatic effects, and significant 
bactericidal effects on periodontal pathogens. It has been 
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A

B

Figure 6 Forest plot: Er:YAG laser versus conventional mechanical debridement for BOP reduction. (A) At 6 months; (B) at 12 months. 
BOP, bleeding on probing.

reported that use of lasers is conducive to the improvement 
of targeted therapeutic effects (39).

It has been reported that an Er:YAG laser had been 
used to irradiate the surface of a titanium implant (40,41), 
and it has been observed that if the power parameter was 
30–200 mJ/pulse, the temperature of the implant surface 
could increase to 60 ℃ (42). It was also emphasized in the 
literature that longer follow-up clinical trials are needed to 
prove the clinical efficacy of Er:YAG lasers, and that the 
long-term clinical efficacy of Er:YAG lasers in the treatment 
of peri-implantitis was still unknown (43,44). 

In our study, we compared the clinical efficacy of 
Er:YAG lasers and subgingival mechanical debridement 
in the treatment of peri-implantitis. The results of the 
meta-analysis showed that when compared with traditional 
mechanical  debridement,  ERL had no significant 

improvement in CAL (P=0.25 at 6 months, P=0.15 at  
12 months) or reduction of BOP (P=0.18 at 6 months, 
P=0.24 at 12 months) or PI (P=0.75 at 6 months, P=0.66 
at 12 months) when compared with the control group. 
However, with regards to PD reduction (P=0.03 at  
6 months, P=0.002 at 12 months) and GR changes (P=0.04 
at 6 months, P=0.03 at 12 months), the ERL group was 
shown to have greater advantages than the control group 
after periods of 6 and 12 months. Therefore, the results this 
study obtained can provide scientific and reliable bases for 
clinical workers in the selection of treatment options. 

There were some limitations in this meta-analysis. For 
example, the lack of statistical differences may be due to an 
insufficient sample size. Furthermore, the inclusion criteria 
for each study were different, and the treatment designs 
of each trial were not completely identical, with 3 trials 



9011Annals of Palliative Medicine, Vol 10, No 8 August 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(8):9002-9014 | https://dx.doi.org/10.21037/apm-21-1853

A

B

Figure 7 Forest plot: Er:YAG laser versus conventional mechanical debridement for GR changes. (A) At 6 months; (B) at 12 months. GR, 
gingival recession.
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Figure 8 Funnel plot of publication bias. (A) Er:YAG laser versus conventional mechanical debridement for PD reduction; (B) Er:YAG laser 
versus conventional mechanical debridement for CAL improvement. PD, probing depth; CAL, clinical attachment level.
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combining surgical and non-surgical treatments. The brand 
and surface structure of the implant would affect bone re-
bonding effects, which would affect the final results. In 
addition, there was no description of an economic benefit-
cost ratio in any of the included studies.

In conclusion, Er:YAG laser use was superior to 
mechanical debridement in the treatment of peri-
implantitis. Despite this conclusion and due to the 
limitations of the included studies, longer-term patient 
follow-ups, with high-quality, multi-center, large-sample 
randomized controlled trials are still needed, and studies 
which discuss economic benefit-cost ratios should be 
included to confirm the efficacy of Er:YAG lasers in the 
treatment of peri-implantitis.
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