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Abstract
Introduction Peri-implantitis (PI) is one of the peri-implant diseases that causes destructive inflammatory process of the hard and
soft tissues surrounding the implant. Recently, several types of lasers have been proven to be effective in PI. Despite the increase
of scientific publications on laser treatment in PI, the best type of laser treatment is not evaluated until now. The primary aim of
our systematic review is to provide a comprehensive review on the effect of different types of lasers that were used as a treatment
modality for patients with peri-implantitis concerning the most effective type of laser in this field.
Material and methods We used databases from scientific websites such as PubMed/Medline, Scopus, and Google Scholar to get
related articles about this subject. The research process involved specific key words Bperi-implantitis^-laser treatment^-peri-
implantitis treatments^. We were more concerned about English human published studies including clinical trials, case-control,
and case series of laser therapy in peri-implantitis.
Results Our initial research yielded 174 articles. After scanning and screening the published articles, we excluded 152 articles; in
total, 22 articles were included in this review.
Conclusion We concluded that the determination of the optimal laser treatment for peri-implantitis is recondite due to the
disharmony of results that have been documented. However, if lasers are not used according to proper protocols with proper
temperatures, a damage can occur to the implant and peri-implant tissues.
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Background

Peri-implantitis (PI) is one of the peri-implant diseases that
causes destructive inflammatory process of the hard and soft
tissues surrounding the implant, which affects the
osseointegration between the implant-bone connections [1].
PI is caused by pathogenic micro-organisims which accumu-
late and grow in the soft tissue surrounding an osseoingrated
implant, triggering the host response, causing infectious, in-
flammatory processes limited to peri-implant mucosa; contin-
uously, these reactions lead to pockets formation and
supporting bone destruction, thereby, creating bacterial colo-
nization on the implant surfaces which in turn prevent tissue
re-attachment and bone re-generation [2]. The most common

pathogenic microorganisms recognized with the implant fail-
ure are the gram-negative anaerobes, such as Prevotella
intermedia, Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans, Bacterioides forsythus, Treponema
denticola, Prevotella nigrescens, Peptostreptococcus micros,
and Fusobacterium nucleatum [3, 4]. Furthermore, the com-
bination of retrograde PI with implant failure could be due to
micro-fractures of bone resulting from excessive mechanical
loads [5]. Also, poor micro-design and macro-design of im-
plant affects the osseointegration process. However, removal
of plaque biofilm resolves inflammation and arrests the dis-
ease progression. Although implant surface modifications
such as surface roughness are designed to promote the
osseointegration and increase the long-term survival of im-
plants, once its surface is contaminated by bacteria, it in-
creases the risk of implant failure as it acts as retentive area
of plaque that it is hard to be completely removed [6].

The diagnosis of PI is a challenge as it is often noticed
during routine checkup dental visits, hereby, peri-implant tis-
sue (PT) evaluation is needed by early observation for any
changes of the hard and soft tissues to prevent its progression
[7]. Presence of plaque and bleeding on probing (BOP) works
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as a positive predictor of PI. However, assessing the soft tis-
sues can be achieved by inspection, palpation, and probing
either by automated or manual probe, to evaluate signs of PI
such as swelling, redness, BOP, and suppuration [5]. In addi-
tion, the radiographic examination considered as an important
step in its diagnosis, which appears as a crater bone loss,
although it is not reliable to see the facial and lingual/palatal
bone levels. In this situation, gutta percha can be used to detect
the facial/palatal/lingual defects and then estimate the crestal
bone level in relation to implant length. Furthermore, the im-
plant mobility is a diagnostic feature for a final stage of
osseodisintegration in which implant becomes nonfunctional,
called Bfailed implant^; low degrees of an implant mobility
can be determined by Periotest or magnetic resonance fre-
quency. However, histological examination shows infiltration
of lymphocytes and plasma cells which are detected in PT [8].
There are several methods to predict high risk for PI including
the use of DNA probes, bacterial cultures, polymerase chain
reaction (PCR), monoclonal antibody, and enzyme assays to
investigate the subgingival microflora [9].

Peri-implantitis is classified according to the pocket depth
(PD) and bone loss, into three categories: early, moderate, and
severe. Early PI is characterized by PD ≥ 4 mmwith BOP and
suppuration while bone loss ˂ 25% of the implant length,
when PD ≥ 6 mm with BOP, suppuration and bone loss
˂ 25–50% of the implant length considered as moderate pe-
ri-implantitis, the sever form of PI, signified by increased PD
≥ 8 mm with BOP and suppuration, also severe bone loss
˃ 50% of the implant length [10]. Though, this classification
provides clinical and radiographic information, but it gives
insufficient details of the types of the bony defect.

However, there are more classifications of peri-implant de-
fects that were mentioned to describe the bony defect.
Schwarz et al. [11] classified peri-implant defect into two
classes depending on the configuration of the bony defect as
class I defect which is an intraosseous defect and class II
defect which is a supra-alveolar defect in the crestal area of
implant.While Nishimura et al. [12] classified amount of bone
loss with the associated shape of bony defect of the PI into
four classes; class 1 is light horizontal bone loss with minimal
peri-implant defects; class 2 is moderate horizontal bone loss
with isolated vertical defects; class 3 is moderate to advanced
horizontal bone loss with broad, circular, bony defects, and
class 4 is advanced horizontal bone loss with broad, circum-
ferential, vertical defects, as well as loss of the oral and/or
vestibular bony wall.

The treatment of PI depends on plaque removal, detoxifi-
cation of implant surface, debridement of PI, and maintenance
of plaque control regimes [12, 13]. These could be achieved
via mechanical debridement (MD) with or without raising a
surgical flap, depending on the severity of the peri-implantitis
lesion. The surgical considerations are required for moderate
and severe peri-implantitis which include resective or

regenerative surgeries in combination with non-surgical
methods. The resective surgery is done by either ostectomy
or osteoplasty in combination with implantoplasty that tends
to eliminate the causative agents and maintain optimal condi-
tions for cleaning the implant surfaces. While, regenerative
surgery is used to establish bone regeneration (re-
osseointegration) with either autogenous bone or bone re-
placement graft materials, with or without collagen membrane
[1]. Although success rates have been documented, these pro-
cedures have limited efficacy [14]. However, membrane ex-
posure is a frequent complication after such procedures, which
leads to bacterial penetration and infection [15].

However, the non-surgical (conservative) therapy is done
by the manual treatment such as curettes, ultrasonic devices,
air polishing systems, lasers, and photodynamic therapy
(PDT) methods. The aim of non-surgical options is to elimi-
nate or decrease the amounts of pathogens present in the im-
plant surfaces and the peri-implant pockets in order to re-
establish the healthy conditions [16, 17]. However, using of
manual and ultrasonic instruments in removing microbial bio-
film and calcified deposits around the implant is still the main
method of tissues debridement and surface decontamination
[17]. However, Schwarz et al. [18] reported that residual bio-
film areas were found less 30–40% by using ultrasonic
methods than manual instruments, but may cause small metal
chips and scratches on the implant surfaces even if carbon
fiber tips are used [5, 19]. In 2005, Karring et al. [20] reported
that sub-mucosal debridement alone, accomplished by utiliz-
ing either an ultrasonic device or carbon fiber curettes, is not
sufficient for the implant decontamination if PD ≥ 5 mm and
implant with exposed threads. Hereby, it seems that mechan-
ical or ultrasonic debridement alone may not be satisfactory
for PI management.

In addition, medications such as antiseptic rinses and ap-
plication of systemic or locally delivered antibiotics are also
considered as non-surgical treatment. It was reported in sev-
eral studies that chemical antimicrobial agents such as tetra-
cycline, doxycycline, amoxicillin, metronidazole,
minocycline hydrochloride, ciprofloxacin, and sulfonamides
with trimethoprim suppress periodontal pathogens more effec-
tively compared to mechanical techniques, significantly re-
duce pocket depths, and improve the results of conventional
mechanical anti-infective therapy [19–24]. On the contrast,
the disadvantages of antimicrobial agents include the use of
combined of different types of antibiotics due to the diversity
of pathogens, bacterial resistant formation, and the incidence
of unfavorable systemic reactions.

Mombelli [25] established the cumulative interceptive sup-
portive therapy (CIST) protocol for maintenance of the dental
implant and management of peri-implantitis regarding certain
factors like infection, PD, BOP, suppuration, and radiographic
radiolucency surrounding the implant. There is no therapy in
case of PD ˂ 3 mm, no plaque or bleeding, while mechanical
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therapy and oral hygiene instructions are recommended if PD
˂ 3 mmbut plaque and BOP are present; this is called protocol
A. Protocol B is indicated when plaque, BOP, and pocket
depth 4–5 mm are present without radiographic evidence of
bone loss; in this stage, mechanical debridement, oral hygiene
instructions, and local anti-infective therapy (e.g., CHX) are
required. When PD exceeds 5 mm and bone loss ˂ 2 mm,
protocol C is indicated which includes mechanical debride-
ment, microbiological test, and local and systemic anti-
infective therapy. The last protocol is D where PD exceeds
5 mm and bone loss is more than 2 mm; in this case, the
respective or regenerative surgery is recommended [25].
Professional supportive care should be developed according
to the individual needs of the patient (e.g., 3-, 6,- or 12-month
recall intervals) and their compliance has to be confirmed.

Recently, several types of lasers have been proven to be
effective in the dental field as they become cost effective,
portable, lightweight, and reliable [13]. Despite the increase
of scientific publications on laser treatment in PI, the best type
of laser treatment is not evaluated until now. The primary aim
of our systematic review was to provide a comprehensive
review on the effect of different types of lasers that were used
as a treatment modality for patients with peri-implantitis
concerning the most effective type of laser in this field.

Material and methods

We used databases from scientific websites such as PubMed/
Medline (National Library of Medicine, Bethesda, Maryland),
Scopus, and Google Scholar to get related articles about this
subject. The research process involved specific key words in
the main query Bperi-implantitis^- laser treatment^- peri-
implantitis treatments^ to find more articles about the subject.
We were more concerned about English published articles
only. Also, all prospective and retrospective human studies,
as well as clinical trials, case-control, and case series of laser
therapy in PI were evaluated; the selected studies had at least
one failing rough-surface, screw-type implant that presented
with all signs of PI including plaque index, BOP, pocket
depth, and radiological examination, which were published
from 2007 to August 2018. Articles of animal studies,
in vitro, case reports, follow-up periods less than 6 months,
and peri-implant mucositis cases were not assessed. Also, let-
ters, editorials, reviews, and PhD thesis were excluded. All
eligible studies were assessed in this article; the titles and
abstracts of potential references were manually examined to
exclude irrelevant publications, and the full texts of the rele-
vant papers were then reviewed. Authors, years of publication,
type of study, number of patients, number of implants, type of
lasers, and results were extracted from the selected studies.
The study targeted the use of laser treatments as monotherapy
or as an adjunct modality, either with surgical or non-surgical

interventions in the treatment of peri-implantitis. Several types
of lasers were found and reviewed to identify the best option
of using lasers in PI treatment. However, meta-analysis could
not be performed due to the heterogeneity in the selected
studies.

Results

Our initial research yielded 174 articles published in various
journals. After scanning the title and abstract, we excluded
142 articles because they were not relevant to the subject
and did not meet the included criteria of the study. Among
the 32 studies, we excluded 10 articles because they were non-
human studies, case studies, and with follow-up period less
than 6 months. In total, 22 articles were included in this re-
view. Original studying articles and case reports were investi-
gated by the author. The results of this literature review are
presented in Fig. 1. Also, we explore in our article, the peri-
implantitis treatment strategies using different types of laser as
monotherapy or adjunctive to non-surgical and surgical
treatments.

However, the selected studies included eight studies on
Er:YAG laser (Table 1); six randomized clinical trials
(RCT), and two case series (CS). In addition, ten studies on
diode laser were done (Table 2) where five of them were
randomized clinical trials, two controlled clinical trials
(CCT), one pilot study, and two case series. Two of these
studies used diode laser as light source in photodynamic ther-
apy of peri-implantitis. Also, there were two studies on CO2
laser (Table 3), which included one controlled clinical trial and
one case series study. Furthermore, one study of case series
evaluates the effect of Er, Cr:YSGG laser in the treatment of
peri-implantitis as shown in Table 4. Moreover, only one ran-
domized clinical trial was done on using Nd:YAG laser
(Table 5) as adjunctive treatment compared to mechanical
debridement alone in the treatment of peri-implantitis.

Although, all the included studies provide adequate oral
hygiene care at the beginning of the treatment including in-
structions and peri-implant scaling before laser treatment,
Deppe et al. [42] was the only one who commented on the
maintenance of the oral hygiene during the follow up periods.
In addition, all the studies were done on Ti implants except
Schwarz et al. [28] who worked in Zirconia implants.

Only two studies used lasers as a monotherapy [2, 26]
which limits the evidence of using lasers alone in the treatment
of PI.While, most of the results of applying lasers were related
to the use of lasers as an adjunct treatment to non-surgical
therapies and surgical therapies. The selected studies included
11 non-surgical studies (usingmechanical curettage by plastic,
titanium (Ti) or carbon fiber curettes [28, 32–35, 40, 44], air
abrasive [16, 38], and CHX rinses or local delivery agents [37,
39], while the surgical studies, were nine studies, including
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GBR either with resorbable or non-resorbable membranes
[18, 27, 29, 36, 41–43, 45] as part of the surgical treatment
in peri-implantitis cases.

The use of lasers in peri-implantitis treatment

Nowadays, treatment with lasers alone or adjunctive to con-
ventional mechanical therapy shows positive results in the
elimination of bacterial smear layer and in the treatment of
peri-implantitis [38, 46]. Although, there are several types of
laser used in the treatment and maintenance of PI, number of
parameters should be considered before treating PI using laser
such as type of laser, suitable power settings that effectively
disinfect the implant while being safe for its surface, exposure
time, and the distance from which the laser is applied [19].
Lasers can be used in either open flap or non-flap procedures
depending on the severity of bone loss, type of laser used, and
its wavelength. Laser types are grouped into hard-tissue lasers
(Er,Cr:YSGG and Er:YAG wavelengths), which are useful in
the improvement of early osseointegration after fixture place-
ment, and soft-tissue lasers which are useful in improving
hemostasis and wound healing processes [47]. All lasers can
provide some degree of tissue healing and pain relief,

according to their wavelength, especially the soft lasers with
a wavelength range of 655–810 nm. The different types of
lasers and their wavelengths are illustrated in Fig. 2.

Erbium laser

The hard-tissue erbium family lasers include Er:YAG and
Er,Cr:YSGG. These lasers have two wavelengths—2780 nm
for Er,Cr:YSGG laser and 2940 nm for Er:YAG. They are
highly absorbed by water and hydroxyapatite, leading to the
vaporization of the water within the mineral substrate. They
are able to cut hard and soft tissue including tooth structure
and gingiva [48]. Er:YAG laser is the most commonly used
lasers for nonsurgical treatment of peri-implantitis [49]; it has
shown significant effect of removing calculus, granulation
tissues, and microbe-infiltrated oxide layer from the implant
surfaces without damaging implant surfaces [50, 51].

Neodymium laser

The ND:YAG laser (neodymium-doped yttrium aluminum
garnet) is the first laser that build for dentistry. This laser has
a solid active medium with a wavelength of 1064 nm, located

Fig. 1 Article selection flow chart
for screening process
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at the invisible near-infrared portion of the electromagnetic
spectrum. It is more absorbed by hemoglobin, so it is desirable
to be used for coagulation purpose. These lasers cause a rise in
temperature, which may lead to melting of the titanium im-
plant surfaces, physical change of the hydroxyapatite coating,
cracks, and porosity loss which make it contraindicated in the
treatment of peri-implantitis [5].

CO2 laser

In early 1990, the first soft tissue laser wavelengths; carbon
dioxide (CO2) lasers were introduced in dentistry [48]. These
lasers give positive outcomes in the treatment of peri-
implantitis as it is very effective against anaerobic bacteria
spectrum [52]. However, CO2 lasers have minimal depth

penetration (less than 0.1 mm) and is absorbed by the watery
tissues and hence vaporizes the bacterial cells in tissues and
increases osteoblast attachment to implant surfaces [53].
Furthermore, it is minimally absorbed at the implant surface
and has a reduced risk of causing temperature-induced tissue
damage [54].

Diode laser

Diode lasers (DLs) have been grown and evolved as easy soft-
tissue hand pieces due to their usefulness in being used around
implants with minimum risk of creating iatrogenic damages
[48]. For killing the bacterial micro-organisms, the laser is
inserted towards the ulcerated pocket wall which causes a
localized increase in temperature, targeting bacteria and

Table 1 The use of Er:YAG laser in the treatment of peri-implantitis

Author’s
name, year

Type of
study

No. of
patients/
implants

Surgical or
non-surgical
intervention

Procedures Follow-up
period

Conclusion

John et al.
[26] 2017

RCT 27/40 Non-surgical Er:YAG laser (100 mj/pulse 10 HZ,
11.4 J/cm2) as monotherapy
compared
to mechanical debridement + local
antiseptic therapy using CHX

34 months Laser was effective on the long
term, but failed to achieve
a complete disease resolution.

Schwarz
et al. [27]
2016

RCT 15/15 Surgical Er:YAG laser (100 mj/pulse 10 HZ,
11.4 J/cm2) + surgical therapy
compared
to surgical therapy + plastic
curettes + cotton pellets + sterile
saline

7 years Both laser and plastic curettes +
sterile saline irrigation were
associated with similar reduction in
BOP and gain of clinical attachment
levels.

Schwarz
et al. [28]
2015

Prospective
case
series

17/21 Non-surgical Er:YAG laser (100 mJ/pulse, 10 HZ,
11.4 J/cm2)

6 months Significant short-term clinical
improvements but complete disease
resolution was not achieved.

Schwarz
et al. [29]
2014

CS 10/13 Surgical Er:YAG laser (100 mJ/pulse,10 HZ,
11.4 J/cm2) +mechanical
debridement + implantoplasty
+ GBR +CTG

6 months Positive results have been shown to
all clinical parameters.

Schwarz
et al. [18]
2013

RCT 17/20 Surgical Er:YAG laser (100 mj/pulse,10 HZ
11.4 J/cm2) + mechanical therapy
+GBR compared to mechanical
therapy + GBR.

48 months Negative outcomes have also been
attributed. Results showed significantly
reduced BOP, plaque index, and
attachment loss among implants in the
control group compared to the Er:YAG
laser-treated group. Surface
decontamination is the most important
factor for improvements.

Schwarz
et al. [30]
2012

RCT 24/26 Surgical Er:YAG laser (100 mj/pulse, 10 HZ,
11.4 J/cm2) mechanical
debridement + GBR compared to
mechanical debridement + GBR.

24 months Improved pocket depth, BOP and clinical
attachment level in 12 months but BOP
became better after 24 months.

Schwarz
et al. [31]
2011

RCT 32/38 Surgical Er:YAG laser (100 mJ/pulse, 10
Hz per sec.,11.4 J/cm2) +mechanical
debridement + GBR compared to
mechanical debridement + GBR

6 months Short-time improvement in clinical
parameters.

Renvert
et al. [16]
2011

RCT 42/100 Non-surgical Er:YAG laser (100 mJ/pulse, 10 Hz,
12.7 J/cm2) compared to abrasive
devices.

6 months Reduction of all peri-implantitis
manifestations in the first month but no
statistical difference between the 2
groups.
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their endotoxins which in turn leads to detoxification of
implant surfaces [55]. DLs also stimulate fibroblast and
osteoblast; this in turn causes RNA messenger production
to increase, leading to a significant collagen formation dur-
ing periodontal tissue healing [47]. DLs with wavelengths
of 810 nm, 940 nm, and 980 nm have a less damaging
effect on the implant when a good coolant is used [5].
However, diode laser (980 nm) does not damage Ti sur-
faces, even if it is used in high-power settings, while
DLs with 810 nm wavelength at a high-power may cause
damage to the implant surface, so such a laser must be
used carefully [30].

Photodynamic therapy (PDT)

Furthermore, there is another method to get rid of bacteria in
periodontal sulcus of implant, which is called photodynamic
therapy. PDT has high-target specificity with healthy human
cells and low probability of microbial resistance and low risk
of chemical and thermal side effects respectively [56]. This
type of treatment combines two components which are pho-
tosensitizer (like toluidine or methylene blue) and a light
source of a specific wavelength. It takes place when the visible
light irradiation forms biochemical interactions in the presence
of the photosensitizer which undergoes excitation and

Table 2 The use of diode lasers in the treatment of peri-implantitis

Author name,
year

Type of
study

No. of
patients/
implants

Surgical or
non-surgical
intervention

Procedures Follow-up
period

Conclusion

Lerario et al.
[32] 2016

CCT 27/125 Non-surgical Diode laser (810 nm, 2.5 W, 50 Hz,
30 s × 3) +mechanical debridement

12 months Clinical improvements were observed
when using diode laser adjunctive to
mechanical debridement

Al Amri et al.
[33] 2016

CCT 67/67 Non-surgical Diode laser (660 nm, 100 mw,
10 s.) + mechanical debridement

12 months Positive results were concluded in clinical
parameters.

Mettraux et al.
[34] 2016

CS 15/28 Non-surgical Diode laser (810 nm, 2.5 W, 50 Hz,
30 s × 3) +mechanical debridement.

24 months Positive results and noticeable clinical
improvements.

Arisan [35]
2015

RCT 20/48 Non-surgical Diode laser 810 nm (3 J/cm2, 1 min,
400 mW/cm2, 1.5 J, spot diameter
1 mm) +mechanical debridement
compared to mechanical debridement
alone.

6 months Adjunct use of diode laser did not provide
any additional benefit on the
peri-implant healing compared with
conventional scaling alone.

Papodopoulos
et al. [36]
2015

RCT 16/16 Surgical Diode laser (810 nm, 2.5 W, 50 Hz,
30 s × 3) +mechanical debridement
compared to mechanical debridement
alone.

6 months Surgical treatment of peri-implantitis by
access flaps leads to the improvement
of all clinical parameters while the
additional use of diode laser did not add
any extra beneficiary effect.

Bassetti et al.
[37] 2014

RCT 40/40 Non-surgical (PDT) using diode laser (660 nm,
100 mw,10 s.) using phenothiazine
chloride stain +mechanical
debridement + air polishing device
compared to that with local delivery of
minocycline microspheres.

12 months PDT gives positive results but no
significant difference in comparison
with local delivery agent group.

Deppe et al.
[38] 2013

pilot
study

16/18 Non-surgical Diode laser (660 nm, 100 mw,
60 mw/cm2) + air abrasive device.

6 months Diode laser in non-surgical treatment can
treat moderate bone defects but not
severe bone defects.

Schaar et al.
[39] 2013

RCT 40/40 Non-surgical (PDT) using diode laser 660 nm, 100 mw
10 s using phenothiazine chloride
stain +mechanical debridement + air
polishing device compared to that with
local delivery of minocycline
microspheres.

6 months Both treatments had noticeable results in
the reduction of BOP and probing depth
but complete resolution of disease was
not observed. PDTcan be an alternative
treatment in initial peri-implantitis
cases.

Thierbach and
Eger [40]
2013

CS 28/40 Non-surgical Diode laser (660 nm, 100 mw,
60 mw/cm2, 10 s.) + mechanical
debridement in peri-implantitis cases
with or without pus.

7 months Diode laser was effective in non pus of
peri-implantitis while peri-implantitis
with pus discharge needed diode laser
combined with surgery interventions.

Bombeccari
et al. [41]
2013

RCT 40/40 Surgical Diode laser (810 nm, 1 W, 20 s
X5) +mechanical debridement
compared to mechanical
debridement + CHX with surgical
intervention.

6 months Using laser adds no value to surgical
interventions.
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produces toxic oxygen species such as singlet oxygen and free
radical that generate bactericide effects against both aerobic
and anaerobic bacteria by specific cellular destruction, mem-
brane lysis, and protein inactivation [57]. Some studies [58,
59] had reported that the microbial load significantly reduced
after PDT in peri-implantitis cases. While, another study con-
cluded that PDT showed no significant differences in the re-
duction of pocket depth or reduction of the bacterial load in
the periodontal pockets in comparison with local antibiotic
therapy [60]. On the other hand, PDT found to be effective
on moderate and severe PI; this study suggested that conven-
tional debridement with or without PDT depends on the se-
verity of PI [61].

Laser-assisted peri-implantitis protocol

It is an emerging experimental technique where an implant-
specific modification of the laser-assisted new attachment pro-
tocol (LAPIP) [62, 63]. Researchers used Nd:YAG laser-
ablation to remove inflamed sulcular tissues and decontami-
nate the implant surface, followed by nonsurgical periodontal
therapy. The LAPIP technique is designed to create a blood
clot that allows the defect area to heal apico-coronally by
preventing downgrowth of the gingival epithelium.
However, no randomized controlled trials to date have evalu-
ated its efficacy for the treatment of PI [56].

Discussion

Although, the presence of long term sucess rate of implants,
failures sometimes occur. Regardless the type of peri-
implantitis treatment, most of the studies approved that the
mainstay of treatment protocol of peri-implantitis must include
decontamination of the implant surface [61] either with or with-
out surgical intervention. Both soft and hard lasers can be used
in such decontamination procedures [30]. Lasers are more effi-
cient than mechanical methods, as they can irradiate small areas
of the implant surface in which mechanical methods are unable
to reach [13]. In addition, Leonhard et al. [64] conducted that
42% of PI cases treated with the conventional treatment have
shown failure as well as the study that was done by Karring
et al. [20] who revealed that debridement alone is not sufficient
for the treatment of peri-implantitis. However, some clinical
investigations [2, 29, 33, 34, 42, 65] presented positive clinical
outcomes and stated that lasers are promising treatment modal-
ities in the decontamination of the different implant surfaces,
which showed bacterial reduction, improvement of clinical pa-
rameters of PI, and healing acceleration but beneficial long-
term have been to be demonstrated. While, some of the current
published data [18, 26, 28, 36] concluded that the use of lasers
in combination with surgical/non-surgical therapy gave mini-
mal benefits in improvements of tissues around the implants.
The explanation for the contradiction and inconsistency of re-
sults may be due to the wide variability of clinical parameters of

Table 3 The use of CO2 laser in the treatment of peri-implantitis

Author
name, year

Type of
study

No. of
patients/
implants

Surgical or
non-
surgical
intervention

Procedures Follow-up
period

Conclusion

Deppe et al.
[42] 2007

Prospective
controlled
study

32/54 Surgical CO2 laser
(1060 nm, 2.5 W/continuous, 5 s)
compared to conventional
debridement with surgical
intervention.

5 years Co2 laser accelerated the resolution
of peri-implantitis.

Romanos
and
Netwing
[43] 2008

Case series 15/19 Surgical CO2 laser (2.84 W for 1 min)
+ mechanical debridement + GBR

45 months CO2 laser with GBR could be an
effective treatment modality as there
were reduction in BOP and
pocket depth, and well
decontamination of
implant surface was achieved.

Table 4 The use of Er.Cr:YSGG in the treatment of peri-implantitis

Author name,
year

Type of
study

No. of
patients/
implants

Surgical or
non-surgical
intervention

Procedures Follow-up
period

Conclusion

Al-Falaki et al.
[2] 2014

CS 11/28 Non-surgical Er,Cr:YSGG laser (68 sites > 4 mm)
1.5 W, 30 Hz, short
(140 μs) pulse, 50 mJ/pulse).

12 months Reduction in BOP, tissue inflammation,
and probing depth were statistically
significant in comparison with
the baseline.
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peri-implantitis, types, and wavelengths of laser among the
clinical studies.

However, in comparison with the included studies, the re-
sults revealed that since 2007 until August 2018, DLs are the
most commonly used lasers in the treatment of PI; this was in
disagreement with what was documented by Charalampakis
and Belibasakis [49] who reported that the most used laser in
PI management was the Er:YAG laser, although it was report-
ed by Tosun et al. [52] Er:YAG laser has the ability to remove
100% of bacteria on Ti surfaces while diode laser can only
eliminate 97% of the bacteria. One explanation for this result
is that diode laser was known to be used in the dental field
after Er:YAG laser with its lightweight and safety.

Numerous benefits were stated in using DLs such as the
ability to decontaminate the implant’s surface, bacterial re-
moval, and ease of accessing. Also, it has an biostimulative
result which supports regeneration process [60]. Therefore,
diode laser is useful not only in treating PI but also in the
healing process [37, 39]. Several investigations [32–34, 38]
conducted that the use of diode laser with both high or low
power modes represented a good modality when used as ad-
junctive treatment to MD or abrasive devices without surgical
intervention, and it could be used as a protocol for the main-
tenance of the post-implant rehabilitation complications.
While in 2013, Thierbach and Eger [40] worked on 40 im-
plants with and without pus discharge and reported that peri-
implantitis with pus discharge could be treated much better by
diode laser with surgical intervention.

However, Bombeccari et al. [41] and Papodopoulos [36]
et al. made randomized clinical trials on diode lasers in surgi-
cal intervention treatments, and they revealed that there were
no additional benefits to surgical treatments after follow-up
period of 6 months. Though Arisan [35] in 2015, made a
clinical trial on 48 implants of 20 patients, comparing the
effect of diode laser 810 nm with the mechanical debridement
to the mechanical debridement alone, after 6 months of fol-
low-up, he reported that there was no added value of using a
diode laser in non-surgical intervention.

In addition, two randomized clinical trials of PDT were
made by Schaar et al. [39] and Bassetti et al. [37] in 2013 and
2014 using diode laser with a phenothiazine chloride dye
without surgical intervention. They used same clinical pro-
cedures and same number of implants, but different follow-
up periods 6 and 12 months respectively. Both studies ap-
plied PDT twice a week to a group of 20 implants and com-
pared them to a single application of local delivery
minocycline hydrochloride microspheres in a group of 20
implants’ sulci. In addition, both groups were irrigated with
3%hydrogenperoxide.Both studies reported that therewas a
significant reduction in both treatment modalities in reduc-
tion of BOP and PD but complete resolution of the disease
was not observed. Also, there was no statistically significant
difference between the two groups either after 6 months or
12months of follow-up periods. However, diode laser seems
to be efficient in the treatment of peri-implantitis in short
periods of time only.

Table 5 The use of Nd:YAG in the treatment of peri-implantitis

Author’s name,
year

Type of
study

No. of
patients/
implants

Surgical or
non-surgical
intervention

Procedures Follow-
up
period

Conclusion

Abduljabbar
et al. [44]
2017

RCT 63/74 Non-surgical Nd:YAG laser + mechanical
debridement compared to
plastic debridement alone.

6 months The use Nd:YAG laser adjunctive to mechanical
debridement is more effective in reducing
peri-implant soft tissue inflammatory parameters
than mechanical debridement alone in short term
but not in long term.

Fig. 2 Wave length of different
types of lasers used in the
treatment of peri-implantitis
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In 2017, John et al. [26] conducted that Er:YAG laser is an
effective modality treatment when used as monotherapy, but it
failed to achieve a complete resolution of peri-implantitis
cases after 36 months of follow-up periods. This was in agree-
ment with Schwarz et al. [28] who estimated in 2015 that
treatment of peri-implantitis using Er:YAG lasers contributed
significant short-term clinical improvements without the com-
plete resolution of the disease after 6 months of follow-up
periods.

In addition, a randomized clinical study made by Renvert
et al. [16] in 2011, evaluated the effectiveness of Er:YAG lasers
compared to the abrasive air polishing system without surgical
intervention. The study revealed a significant reduction in clinical
parameters and bacteria strains in both groups after 1 month, but
after 6 months, there were no effect in reducing bacterial account
and reduction of PD measurements, only decrease in BOP in
both groups. Furthermore, Schwarz et al. [27, 29, 31] studies
revealed that there were no significance differences in BOP,
pocket depth reduction, or improvement of clinical attachment
level or bone regeneration, when using Er:YAG in comparison
with mechanical treatments in surgical intervention up to 7 years
of follow-up periods. In 2013, Schwarz et al. [18] reported neg-
ative outcomes of Er:YAG laser in a 48-month follow-up clinical
study. The effect of surface denomination by laser was evaluated
in comparison to the mechanical treatment (using plastic curettes
and sterile saline) after resection and regenerative surgeries. Their
results showed a significant reduction in clinical parameters such
as BOP, plaque index, and attachment loss in the mechanically
treated group more than the Er:YAG laser-treated group.

Yet, results showed that there is a possibility of clinical param-
eters’ relapsewith the longer follow-upperiods as the singleuseof
Er:YAG gives short-term progresses and no complete resolution
of the disease. However, the Er:YAG laser has been shown to be
safe for use on implant surfaces when used at 100 mJ/pulse and
10 pulses/s for 60 s and no microscopic changes occurred in the
implant surface [66]. But Kim et al. in 2011 [67] stated that there
were alterations in implant surface characteristics when using la-
sers with energies exceeding 140–180 mJ/pulse. Hereby, consid-
erations should be taken when using Er:YAG lasers, otherwise
damage of implant surface could occur.

Deppe et al. [42] performed a prospective clinical study on
using CO2 laser and conventional debridement with surgical
intervention in 54 implants. They investigated 29 implants in
the test group by using CO2 laser in the decontamination of
implants’ surfaces, while 25 implants in the control group
were treated with conventional MD. Then, each group was
further divided into two subgroups receiving either adjunctive
soft tissue resection or guided bone regeneration that were
followed for at least 6 months to 5 years. They concluded that
both groups gave successful results in gaining CAL when
combined with bone augmentation, but CO2 laser was more
significant than the conventional decontamination when only
combined with soft tissue resection.

In 2008, Romanos and Netwing [43] applied CO2 laser
with GBR to 19 implants with peri-implantitis and reported
that CO2 laser was effective in decontamination of implant
surface because of the physical properties of its energy, its
absorption, and interaction with the tissues; also, BOP and
PD were significantly reduced, and bone formation was
achieved due to the increase of osteoblast attachment to im-
plant surfaces [53]. In addition, other studies [14, 42] conduct-
ed that using of CO2 lasers accelerate the healing, increase the
liability of bone formation in peri-implant defect sites, and
treat the disease. There is no significant increase neither in
temperature of the implant nor alteration of the implant sur-
face [30]. But it was reported in an early study that using of
CO2 lasers at continuous and pulsed settings causes increase
in temperature of implants’ surfaces 9.5 to 12.2 °C respective-
ly [68], which in turn will cause bone necrosis. Also,
Romanos et al. [14] stated that carefulness of time exposure
should be taken otherwise temperature may increase affecting
the osseointegration process.

In 2014, Al-Falaki [2] conducted a study on 28 implants using
Er,Cr:YSGG laser with 6-month follow-up period. The results
showed that Er,Cr:YSGG laser has a significant effect on de-
creasing the peri-implant inflammation, BOP, and PD.

Abduljabbaretal. [44]madearandomizedclinical trialwithout
surgical intervention on 63 patients with 74 implants where they
assessed the effect of Nd:YAGwithMD in comparisonwithMD
aloneinthetreatmentofperi-implantitis.Theyconcludedthatusing
of this laser withMD showed improvement in the clinical param-
eters ofPTmore thanusingMDalone in short termbut not in long
term.

Through the relevant evidences, a wide heterogeneity was
found in the studies regarding the types, wavelengths, and
methods of laser applications in the management of PI. Also,
implant materials, clinical parameters, and indices were different
in some cases; thus, a clear and reliable inference could not be
made. In addition, some studies used a combination of laser
therapy with other treatments, and insufficient studies supported
the use of lasers as monotherapy. Also, the lack of longitudinal
data on the implant survival in most of the included studies, CAL
and PD were used as pertinent substitution. Moreover, some
researches presented a small number of patients, which is rele-
vant to low incidence of PI. Although, systemic diseases and
smoking are known to be risk factors with adverse effect on PI
treatment, some researchers did not even mention the health or
the smoking situation of their patients.

Subsequently,therelativeinfluenceofthelaserapplicationcould
notbeassessedaccurately,but itwas found inmostofclinical trials
that lasers can sterile implant surface, remove the granulation tis-
sues, andacceleratehealing.However, themostprevalent lasers in
peri-implantitistreatmentarediode,Er:YAG,andCO2lasers,while
Nd:YAGlaserwaseffective,butleast inuseasithasthepotential to
damage tissues as well as the implant surface due to its ability to
penetrate tissuesand increase the temperature.
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Conclusion

The main key of treatment success is that the implant surface
should be surrounded by a healthy PTafter surface decontam-
ination to achieve desirable successful treatment. Failure in
the plaque control, patient motivation, and implant mainte-
nance could be a serious impenetrable factor that may affect
the final outcomes, so as to say that prevention is the best form
of treatment. We concluded that the determination of the op-
timal laser treatment for PI is recondite due to the disharmony
of results that have been documented. However, if lasers are
not used according to proper protocols with proper tempera-
tures, a damage can occur to the implant and peri-implant
tissues. To produce more conclusive results, clinical protocols
must be simplified and standardized and evaluated in con-
trolled clinical trials. More clinical studies, larger numbers of
patients, and longer follow-up periods are recommended to
achieve definitive verdict on the efficacy of lasers in the treat-
ment of peri-implantitis.
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