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Abstract: Peri-implantitis management could be performed either with a surgical or non-surgical
approach to the implant surfaces. Various treatment options have been proposed in the literature,
such as antiseptic and antibiotic therapies, chemical agents, curettes, ultrasonic, air abrasive, rotary
titanium brushes and laser treatments; in particular, photodynamic therapy combined with hydrogen
peroxide (OHLLT) has proved to be efficient in the removal of bacterial biofilm from implant surfaces.
The aim of our study is to compare OHLLT performed with a surgical approach to a non-surgical
approach. We selected a cluster of 227 implants affected by peri-implantitis: 139 implants were treated
with a non-surgical approach and 88 implants with a surgical approach. Bone loss pre-operative
and post-operative (with a follow-up of five years) have been registered. The collected data were
entered on the Statistical Package for Social Sciences (SPSS) version 11.5. The results indicate a
statistically significant difference between the two groups, with a mean bone loss after treatment of
2.3 mm for OHLLT with a surgical approach and 3.8 mm for OHLLT with a non-surgical approach;
according to the Kolmogorov–Smirnov test, the overall data followed a normal distribution (value of
the Kolmogorov–Smirnov test statistic = 0.0891; p = 0.35794). Thus, a surgical approach in the case of
peri-implantitis seems to be more effective, probably due to the possibility of a deeper sanitization of
implant surfaces, hardly reachable with only non-surgical approach.

Keywords: diode laser; high frequency; hydrogen peroxide; peri-implantitis; photodynamic therapy

1. Introduction
Dental implants represent an excellent treatment option for the rehabilitation of at-

rophic jaws; nevertheless, even this clinical option is not free from complications [1].
Similarly, for natural teeth undergoing periodontal problems (periodontitis), dental im-
plants could be affected by peri-implant mucositis (inflammation of soft tissues, reversible)
or peri-implantitis (involvement of hard and soft tissues) [1].

A recent change in the classification of peri-implantitis has lead to an increased
difficulty in the interpretation of the prevalence of this disease [2]. Nowadays, we can
assume for peri-implantitis the presence of bleeding or suppuration with gentle pressure
on probing and some variations from previous examinations, such as increased probing
depth and increased bone loss; in the case of the absence of previous examinations, peri-
implantitis is defined as presence of bleeding and/or suppuration on gentle probing,
probing depths �6 mm, and bone levels �3 mm apical to the most coronal portion of the
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intraosseous part of the implant, as stated by the American Academy of Periodontology
and the European Federation of Periodontology [3].

This consensus report attempts to overcome the limits derived from a variety of
different classifications that resulted in a wide range of prevalence reported, limiting the
possibility of a real evaluation of peri-implantitis spread [4].

Risk factors generically recognized are history of periodontitis, smoking, diabetes and
patient compliance, while other conditions discussed in the literature are the presence or
absence of keratinized mucosa around implants, bone augmentation procedures, type of
implant surface and implant positioning [5].

A recent study drew attention to the differences of bacterial biofilm between natural
teeth and implants: in fact, Kotsakis et al. reported that peri-implantitis are resistant
to beta-lactam antibiotics, which are effective against periodontal communities even as
monotherapies [6].

The primary goal of peri-implantitis treatments is the reduction of bacteria from
implant surfaces, achieving deep decontamination; in order to obtain this result, both a
non-surgical and surgical approach to implant surfaces have been proposed [5].

The main treatment options are represented by:
• Antiseptic and antibiotic therapies (local or systemic) [6,7]
• Mechanical debridement: curettes, ultrasonic, air abrasive, rotary titanium brushes [5]
• Laser treatments: diode, Er:YAG, CO2, Nd:YAG, Er,Cr:YSGG [8–16]
• PDT: photodynamic therapy [15]
• Chemical agents: H2O2, H3PO4, EDTA [5]

In the surgical treatment, the aim of decontamination is obtained through an open
flap in order to perform deep sanitization and to create an implant morphology easier to
clean, with the further possibility of obtaining guided bone regeneration [5].

The above-mentioned treatments could be combined in order to enhance clinical results.
Laser treatments for peri-implantitis show increasing attention in the literature; PDT

seems to be effective only in the reduction of inflammatory status, but as a result of its
scarce peak power (<2 W), PDT has only limited possibility of eliminating bacteria from
implant surfaces, due to poor penetration capacity of the laser light in tissues imbibed with
photosensitizer [17,18].

In order to overcome these limitations, G. Rey [12–15] proposed a modified protocol,
named OHLLT (oxygen high-level laser therapy), combining a 980 nm laser (Wiser, Doctor
Smile) with hydrogen peroxide, leading to higher bioavailability and deeper penetration in
the biofilms; moreover, this protocol has reduced interference of the irradiation performed
respect to photoactivating agents with absorption within the visible band (Figure 1).

The aim of this retrospective controlled study is to assess clinical outcomes of OHLLT
alone in a non-surgical approach and OHLLT adjunct to a surgical approach.
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2. Materials and Methods
The present retrospective controlled study was approved by the Ethics Committee of

the School of Medicine and Surgery at the Milano Bicocca University, (protocol n. 11/17),
derived from the approval of Italian National Institute of Health (ISS), prot. 30/07/2007-
0040488, and it was conducted in observance of the declaration of Helsinki.

In this study, we selected a cluster of 227 implants affected by peri-implantitis, subdi-
vided in 121 in the upper arch and 106 in the mandible (Table 1).

Table 1. Total amount of implants with peri-implantitis.

Implants Upper Lower Tot

Total Amount 121 106 227

We stated the following inclusion criteria in order to normalize the sample: both male
and female, peri-implantitis without previous surgical treatment in the last year, bleeding
on probing, peri-implant pockets >4 mm, non-smoking history, absence of allergies, absence
of uncontrolled systemic disease, absence of pregnancy or lactating, absence of abuse of
alcohol or drugs, and acceptance of the surgical intervention by signing an informed
consensus. The exclusion criteria were: peri-implantitis with previous surgical treatment in
the last year, absence of bleeding on probing, peri-implant pockets <4 mm, smoking history,
presence of allergies, presence of uncontrolled systemic disease, presence of pregnancy
or lactating, abuse of alcohol or drugs, and non-acceptance of the surgical intervention
by signing an informed consensus. All patients agreed with the following oral hygiene
maintenance protocol at home: sonic brush with vertical movement (Broxo), interdental
brushes, and oral irrigators (Broxo) at least two times every day.

Our cluster of implants consisted of different types of implant surfaces: 59 machined
implants, 141 nano-roughness implants, 24 hydroxyapatite-coated implants and three
zirconia implants. All implants were finalized with screwed fixed dental prostheses.

Implants were assessed for BOP (bleeding on probing) and presence of suppuration:
at T0, in fact, all the implants analyzed reported bleeding on probing and the presence
of suppuration. All implants were analyzed through periapical radiographs using the
long cone paralleling technique with a grid template. We adopted DIB (the distance from
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the implant shoulder to the alveolar bone crest) as a reliable radiographic parameter for
long-term monitoring in clinical practice. Bone level measurements have been realized
from implant neck to bone crest, both in the mesial and distal side of implants; for each
implant, the lowest measurement between mesial and distal aspect was considered. The
measurements were made by the same operator.

The software used to realize the measurements is Soredex Digora®.
Each implant was evaluated before and after treatment, at T0 (time of diagnosis of

peri-implantitis) and at T1 (most recent follow-up of implant treated for peri-implantitis).
We stated five years as the minimum follow-up period for T1.

Bone level measurements were organized in Excel to examine bone levels around
implants at the two different time periods.

The cumulative (the test group is considered the non-surgical OHLLT group; the
control group is considered the surgical OHLLT group, the protocol more investigated in
the past) mean bone loss preoperative (t0) was 5.8 mm; in particular, the mean bone loss
was 6.1 for implants positioned in the upper arch and 5.4 mm for implants positioned in
the mandible (Table 2).

Table 2. Bone loss pre-operative (t0).

Implants Upper Lower Tot

Total Amount 121 106 227
Bone Loss Pre-Operative 5.8 mm 5.2 mm 5.6 mm

OHLLT were performed with a non-surgical approach in 139 implants and with a
surgical approach in 88 implants.

In the group of OHLLT with a non-surgical approach (OHLLT non-s.a.; test group) 67
implants were performed in the upper arch, 72 in the mandible; for the group of OHLLT
with surgical approach (OHLLT s.a., control group) 54 implants were performed in the
upper arch, 34 in the mandible (Table 3).

Table 3. Number of implants for the two groups.

Implants Upper Lower Tot

Surgical Approach 54 34 88
Non-Surgical Approach 67 72 139

We investigated bone loss post-operative for both groups. We stated five years as the
minimum follow-up period for T1.

The collected data were entered on the Statistical Package for Social Sciences (SPSS)
version 11.5. The results were thus expressed as proportions using appropriate tables.

2.1. Non-Surgical Procedure (139 Implants: 67 in the Maxilla, 72 in the Mandible)
The OHLLT non-surgical procedure consisted of (Figures 2–4): local anesthesia, ultra-

sonic instrumentation for supra and subgingival scaling combined with water–betadine
irrigation (5:1 ratio), an air flow device with sodium bicarbonate powder (high-abrasive
powder), mechanical instrumentation and the removal of necrotic tissues with Gracey
curettes. Then, the OHLLT protocol (Wiser, Doctor Smile, Vicenza, Italy) was performed:
irrigation of peri-implant pockets with Sioxyl solution; aspiration of Sioxyl solution emerg-
ing from the gingival sulcus and leaving the remaining solution inside the pocket for 2 min;
introduction of the HF Diode Laser Fiber 400 microns within the pocket and reaching
the bottom; and radiation of subgingival tissues with a movement back and forth using
the dedicated program, 60 s per side (2.5 W peak power, high frequency, 10 KHz, power
average 0.5 W, fluency 25,000 J/cm2, 416.66 J/cm2 per second).
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2.2. Surgical Procedure (88 Implants: 54 in the Maxilla, 34 in the Mandible)
The OHLLT surgical procedure consisted of (Figures 5 and 6): local anesthesia, in-

trasulcular incision for a full thickness periodontal flap, mechanical instrumentation and
the removal of necrotic tissues with Gracey curettes, ultrasonic instrumentation for supra
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and subgingival scaling combined with water–betadine irrigation (5:1 ratio), and an air
flow device with sodium bicarbonate powder (high-abrasive powder). Then, the OHLLT
protocol (Wiser, Doctor Smile, Vicenza, Italy) was performed: irrigation of peri-implant
pockets with Sioxyl solution; aspiration of Sioxyl solution emerging from the gingival
sulcus and leaving the remaining solution inside the pocket for 2 min; introduction of the
HF Diode Laser Fiber 400 microns within the pocket and reach the bottom; and radiation
of subgingival tissues with a movement back and forth using the dedicated program,
60 s per side (2.5 W peak power, high frequency, 10 KHz, power average 0.5 W, fluency
25,000 J/cm2, 416.66 J/cm2 per second). After the decontamination with OHLLT, the site
was grafted with a mix of Bio-Oss granules 25, autologous bone chips, PRF (platelet-rich
fibrin) and collagen membranes (45% Bio-Oss 25, 45% PRF, 10% autologous bone chips).
At the end, flap repositioning and suture was performed.
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3. Results
We realized a retrospective controlled study establishing as control group the implants

treated with surgical OHLLT, a choice that is supported by extensive literature reporting
successful treatments with this modality; in this way, the test group has been represented
by non-surgical OHLLT treatment.

All peri-implant pockets were treated successfully with clinical signs of soft and
hard tissues healing. In fact, at t1, all implants showed the absence of suppuration and
contemporary resolution of bleeding on probing (BOP).

The percentage of bone loss has been analyzed for each implant.
The data collected show an enhancement of bone level at t1 for all implants treated.
In the implants that underwent OHLLT with a surgical approach, we noticed a mean

bone loss after treatment of 2.3 mm, with a mean bone loss of 2.1 for the implants positioned
in the upper arch and 2.4 mm for implants in the mandible (Table 4).
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Table 4. Bone loss post-operative (t1) for implants with surgical approach (S.A.).

OHLLT S.A. Upper Lower Tot

Total Amount 54 34 88
Bone Loss Post-Operative 2.1 mm 2.4 mm 2.3 mm

In the OHLLT non-surgical approach group, we observed a mean bone loss after
treatment of 3.8 mm, with a mean bone loss of 3.9 in the upper arch and 3.8 in the mandible
(Table 5).

Table 5. Bone loss post-operative (t1) for implants with non-surgical approach (non-S.A.).

OHLLT Non-S.A. Upper Lower Tot

Total Amount 67 72 139
Bone Loss Post-Operative 3.9 mm 3.8 mm 3.8 mm

Statistical analysis revealed a significant difference in post-operative bone loss between
the two groups. According to the Kolmogorov–Smirnov test, overall data followed a normal
distribution (value of the Kolmogorov–Smirnov test statistic = 0.0891; p = 0.35794). The
statistical analysis is represented in Tables 6 and 7.

Table 6. Peri-implant parameters among test group and control group pre-treatment.

Test Group Control Group
p Value

Mean ± SD Mean ± SD

BoP 2.14 ± 0.49 2.16 ± 0.51 <0.014 *
P.S. 0.94 ± 0.19 0.97 ± 0.21 <0.017 *
P.D. 5.79 ± 0.21 5.84 ± 0.18 <0.015 *

BoP—bleeding on probing; P.S.—presence of suppuration P.D.—peri-implant depth; *—p value < 0.001 statisti-
cally significant.

Table 7. Peri-implant parameters among test group and control group pre-treatment.

Test Group Control Group
p Value

Mean ± SD Mean ± SD

BoP 0.71 ± 0.14 0.32 ± 0.12 <0.0008 *
P.S. 0.03 ± 0.05 0.03 ± 0.02 0.002
P.D. 3.85 ± 0.12 2.23 ± 0.21 <0.0009 *

BoP—bleeding on probing; P.S.—presence of suppuration; P.D.—peri-implant depth; *—p value < 0.001 statisti-
cally significant.

4. Discussion
Peri-implantitis treatment is a crucial topic widely discussed in dentistry.
During the last few years, various protocols for peri-implantitis have been developed,

without clear evidence of which is the best way to approach this unwilling complica-
tion [16].

In the present study, we aim to establish if there are differences between surgical or
non-surgical approach to peri-implantitis.

A recent randomized clinical trial by Wagner et al. [19] compared surgical and non-
surgical debridement with a 12-month period of observation, evidencing no statistical
differences between the two groups; the authors concluded that non-surgical debridement
should be considered the first therapeutic choice for peri-implantitis, mainly mild to
moderate cases.

On the contrary, in an in vitro study, Tuchscheerer et al. [20], comparing air polishing
efficacy conveyed through surgical or non-surgical modality, concluded that a surgical
approach results in significant better surface decontamination.
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Non-surgical treatment of peri-implantitis has been widely discussed in the literature.
Nart et al. [21] conducted a 12-month clinical and radiographical case series utilizing ultra-
sonic scaler debridement, glycine air abrasive, and metronidazole followed by supportive
maintenance; the authors reported effectiveness in reducing peri-implant pocket depth and
suppuration, but no effects in reducing bleeding on probing.

A systematic descriptive review by Suárez-López del Amo [22] reported that non-
surgical treatment of peri-implant mucositis achieved significant positive results while
peri-implantitis lesions cannot be completely resolved with only this treatment modality.

Another important key factor in determining usability of non-surgical approach is
the timing of peri-implant diagnosis: Chang et al. [23] stated that early diagnosis of peri-
implantitis could lead to a higher possibility of success of non-surgical management; simi-
larly, Schwarz et al. [24] stated that non-surgical treatment is recommended for marginal
bone loss less than 2 mm around the implant, whilst surgical treatment (apically positioned
flap or flap surgery) is recommended for marginal bone loss greater than 2 mm. There-
fore, earlier detection of the disease may result in less-invasive treatment modality for
peri-implantitis treatment.

On the other hand, in the literature, there are many studies focusing on the surgical
approach to peri-implantitis. Berghlund et al. [25] conducted a retrospective study in which
peri-implant probing depth, bleeding on probing and crestal bone level demonstrated a
considerable enhancement, even considering long-term time span (2 to 11 years).

Carcuac et al. [26] performed a three-year randomized controlled clinical trial of
surgical treatment in association or not with antibiotics: they reported a significant mean
reduction in probing depth and bleeding/suppuration on probing, with the maintenance
of stable bone levels, without evidence of clinical enhancement with the use of antibiotics
over the three years of follow-up.

Overall, a surgical approach has been recommended in the presence of severe peri-
implant lesions [27–29] and to avoid the high recurrence rate with correlated incomplete
resolution associated with non-surgical treatments [5].

In our retrospective controlled study, we aim to establish if a surgical approach is to be
considered superior in peri-implantitis treatment with respect to a non-surgical approach,
investigating these two treatment modalities using OHLLT as the basis of peri-implant
treatment; in fact, several studies have proved its efficacy in successfully removing bacterial
biofilm from implant surfaces, thus resulting in clinical improvement of peri-implantitis
disease [14,15].

The results obtained in our retrospective controlled study attest that a surgical ap-
proach seems to be more effective in peri-implantitis treatment; in fact, we noticed a
statistically significant improvement in bone loss post-operative (t1) with this treatment
with respect to a non-surgical approach.

The explanation to these results could be found in a greater difficulty to efficiently
decontaminate implant surfaces in the case of the non-surgical approach; in fact, in this
way, air abrasives and ultrasonics could not completely reach implant surface, while with
a surgical approach, these devices are clearly able to perform deep sanitization of the
bacterial biofilm.

5. Conclusions
Notwithstanding peri-implantitis treatment still remains discussed in the literature,

our retrospective controlled study showed that a surgical approach, with the fundamental
adjunct of OHLLT, seems to be effective in obtaining clinical success in peri-implantitis
management, compared to non-surgical protocols.
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