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Abstract
The aim of this trial was to analyze the effect of implant surface decontamination procedures combined with reconstructive 
surgical treatment (RST) of peri-implantitis on gene expression levels of selected biomarkers in peri-implant crevicular fluid 
(PICF). Forty patients diagnosed with peri-implantitis were treated with RST + decontamination of the implant surface using 
sterile saline and ozone therapy (ozone group) or sterile saline alone (control group). The gene expression levels of inter-
leukin (IL)-6, IL-8, IL-17, vascular endothelial growth factor (VEGF), sclerostin (SOST) and osteoprotegerin (OPG) were 
evaluated by qPCR analysis at baseline and 6-month follow-up. Changes in cytokine mRNA expression levels were analyzed 
and compared with clinical/radiographic parameters. Both decontamination methods lead to the downregulations of the 
selected gene expressions. Ozone group showed significantly higher clinical attachment level (CAL) and radiographic defect 
fill (DF) values at 6 months compared to the control group (p = 0.026 and p = 0.011). The downregulation of SOST levels 
was significantly associated with probing depth reduction and radiographic DF (p < 0.05). Implant surface decontamination 
procedures applied with the RST contribute to a notable reduction in immuno-inflammatory response. The additional use of 
ozone therapy could have favorable effects in anti-infective regimens of peri-implantitis therapy. SOST, which was found to 
have significant relationship with both clinical and radiographic outcomes, could be a valuable indicator for the progression 
of peri-implantitis and may aid the development of new therapeutic strategies for bone gain in the RST of peri-implantitis.
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Introduction

Peri-implantitis is a plaque-associated, destructive patholog-
ical disease in which microorganisms and the host immune 
response play a crucial role in the etiopathological mecha-
nisms that lead to peri-implant soft tissue inflammation and 
a subsequent progressive supporting bone loss, moreover a 
complete loss of osseointegration [1, 2]. Peri-implantitis has 
been identified as a major biological complication of dental 

implants and the main reason for the failure of implant ther-
apy [3, 4]. A recent data presented a peri-implantitis preva-
lence between 0.2 and 63% at implant level, and between 1 
and 46% at patient level [4]. Considering its high prevalence 
rates, early diagnosis and appropriate treatment are critical 
for avoiding the progression of peri-implantitis lesions.

Anti-infective treatment strategies have been reported as 
successful modalities in decreasing inflammation of soft tis-
sues and suppressing peri-implant disease progression [2]. 
Different mechanical methods such as curettes, polishing 
brushes, ultrasonic debridement, air-abrasive devices, and 
laser decontamination [5, 6] and their combination with 
chemical protocol treatments including local application of 
antibiotics and/or antiseptics [7, 8] have been introduced as 
potentially effective procedures to decrease the microbial 
load from contaminated implant surfaces. However, non-sur-
gical therapy for peri-implantitis in combination with these 
procedures has been reported to be inadequate for disease 
resolution and the requirement to reconstructive approach 
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for peri-implant bone defects. Therefore, for decontamina-
tion of an exposed implant surface and elimination or recon-
struction of peri-implant bone defects, surgical management 
should be considered [9–11]. Recently, three-year results of 
a randomized clinical trial indicated that implant surface 
anti-infective surgical protocol yielded an improved peri-
implant soft tissue health and stable peri-implant marginal 
bone level in severe peri-implantitis cases [12]. Furthermore, 
that study also revealed a notable reduction in terms of the 
total viable count (TVC) of bacteria at 1 year postoperatively 
[13]. Nevertheless, because of the imbalance between the 
host response and bacterial colonization at the soft tissue-
implant interface, the immune modulation effects of the 
adjunctive therapies in peri-implantitis treatment strategies 
should also be considered [14].

Ozone therapy (O3), which has a potential as an adjunc-
tive approach for inflammatory diseases like peri-implan-
titis, influences the cellular and humoral immune system 
by stimulating proliferation of immunocompetent cells and 
synthesis of immunoglobulins and biologically active sub-
stances including interleukins, leukotrienes, and prostaglan-
dins [15, 16]. Ozone has also been suggested to activate the 
function of macrophages and to increase the sensitivity of 
microorganisms to phagocytosis [16]. Macrophage-derived 
mediators such as tumor necrosis factor α (TNF-α), inter-
leukin (IL)-1 β, IL-6, and IL-8 contribute to the biological 
response to ozone which lead to the inflammatory response 
[17]. Ozone applications have also been reported to modu-
late implant surface obtaining a superhydrophilic surface 
which can improve interactions between implants and the 
biological environment [15, 18]. Surface photofunctionaliza-
tion using gaseous ozone has been demonstrated to increase 
proliferation and differentiation of mesenchymal stem cells, 
and to mitigate proinflammatory cytokine including TNF-α 
and IL-6 production without altering titanium surface topog-
raphy [18].

The clinical and radiographic assessments including 
bleeding on probing (BOP) and suppuration along with a 
loss of the supporting tissues (e.g., increases in probing 
pocket depths (PPDs), progressive radiographic bone loss) 
are commonly recommended for diagnosis of peri-implanti-
tis [19]. Moreover, recent studies have concentrated on eluci-
dating the genetic basis and identification of molecular bio-
markers for prediction of peri-implantitis occurrence [20]. 
Biomarker analysis in peri-implant crevicular fluid (PICF) 
might serve as a prognostic and diagnostic tool for the onset 
and activity of peri-implantitis and detect distinct treatment 
approaches for target individuals [21]. It has been pointed 
out that increased levels of proinflammatory cytokine in 
PICF such as IL-1 β [22–24], IL-6 [24, 25], IL-17 [25], 
chemokines such as IL-8 [26, 27], angiogenic factors such 
as vascular endothelial growth factor (VEGF) [14, 27] and 
osteoclastogenesis-related cytokines such as osteoprotegerin 

(OPG) [8, 28] and sclerostin (SOST) [28] are associated 
with pathogenesis of peri-implantitis. It was also reported 
that peri-implantitis treatments could reduce these bio-
markers in PICF [29, 30]. However, information about the 
changes in cytokine profiles before and after the treatment 
is scarcely available in the literature. Moreover, the effects 
of peri-implantitis treatment on their expression of genetic 
profiles have not been thoroughly analyzed in PICF. There-
fore, the objectives of the current study were to analyze the 
effect of the use of different implant surface decontamination 
procedures combined with reconstructive surgical treatment 
(RST) of peri-implantitis which leads to downregulation 
of the expression of the selected inflammatory cytokines, 
chemokines and alveolar bone turnover/resorption markers 
(IL-6, IL-8, IL-17, VEGF, OPG and SOST) in PICF and 
to establish a correlation between the changes in the levels 
of these biomarkers and the clinical and radiographic data 
acquired following surgical therapies.

Material and methods

Subjects and study design

The prospective, parallel, randomized and test-control study 
of 6 months evaluated the efficacy of adjunctive ozone treat-
ment on the change of mRNA expression levels of selected 
biomarkers after the RST of peri-implantitis. The study 
protocols were approved by the research ethics review com-
mittee of Gazi University, School of Medicine, Ankara, 
Turkey (25901600-2858) and conducted in accordance with 
the ethical principles, including Declaration of Helsinki of 
1975, as revised in 2013. The trial was registered at Clini-
calTrials.gov as NCT03018795. Prior to participation in the 
study, written informed consents were obtained from all the 
patients. All participants were selected from the patients 
who had previously been rehabilitated with dental implants 
and diagnosed with peri-implantitis and were required to be 
scheduled for reconstructive treatment between November 
2014 and December 2017. The study population consisted 
of 40 patients who had at least one implant diagnosed with 
peri-implantitis, which was defined as increased probing 
depth (PD) compared to previous examinations with bleed-
ing and/or suppuration on gentle probing and radiographic 
evidence of peri-implant bone loss beyond crestal bone-level 
changes resulting from initial bone remodeling [31] with a 
crater-like pattern (class Ib, class Ic, and class Ie) [32].

Patients having moderate or severe chronic periodonti-
tis (i.e., bleeding and/or suppuration in more than 30% of 
the subgingival sites with PD ≥ 4 mm) and the patients with 
uncontrolled medical conditions such as diabetes mellitus 
(hemoglobin A1c ≥ 7.0), and antibiotic administration within 
3 months prior to the surgical procedure were excluded.
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The peri-implantitis defects were categorized into two 
treatment groups according to the implant surface decon-
tamination procedure: ozone group received submucosal 
mechanical debridement using titanium curettes combined 
with saline irrigation + additional ozone therapy as a 
decontamination procedure; while, control group received 
submucosal mechanical debridement by using titanium 
curettes with saline irrigation alone. A computer-generated 
randomization table was used to randomize the treatment 
groups by a biostatistician (B.B). Allocation concealment 
was achieved by a sealed, coded opaque envelope contain-
ing the treatment procedure. Each envelope was assigned 
a number identifying an implant to receive the respective 
treatment. An examiner (B.U.) who was not involved in the 
surgical procedures and clinical examinations opened the 
envelopes and performed the adjunctive therapy.

In both ozone and control groups, submucosal mechani-
cal debridement was performed followed by pocket irri-
gation with saline solution for 3 min at the affected peri-
implantitis sites. In the ozone group, adjunctive gaseous 
ozone was applied following saline irrigation. Ozone was 
administered through a connected hand-piece using an 
ozone generator (DentaTec Dental AS, Hov, Norway) with 
80% oxygen for 30 s as recommended by the instructions 
of the ozone generator manufacturer. It was delivered at 6 
points circumferentially (mesiobuccal, midbuccal, disto-
buccal, mesiolingual, midlingual, and distolingual) at the 
time of operation and 3rd and 5th days after the operation. 
The patients allocated to the control group received sham 
ozone administration without starting the ozone generator.

Before the surgery, venous blood was drawn into 4 
sterile 10-ml tubes without anticoagulant and centrifuged 
with a CGF centrifuge machine (Medifuge, Silfradentsr, 
Santa Sofia, Italy) at 2700 rpm for 2 min, at 2400 rpm 
for 4 min, at 2700 rpm for 4 min and at 3000 rpm for 
3 min. All the surgical procedures were performed by the 
same operator (S.C.I). After local anesthesia (Ultracain 
DS Forte, Sanofi-Aventis, Frankfurt, Germany), a full-
thickness mucoperiosteal flap preparation was performed 
towards the vestibular and the palatal sides of the implants. 
After flap elevation, granulation tissue was removed from 
the peri-implant defect and debridement of implant sur-
face was done using a titanium curette (ImplaMate, Nor-
dent Manufacturing Inc, Elk Grove Village, IL, USA). 
Implant surfaces were decontaminated according to the 
protocols mentioned above for the treatment groups. In 
both groups, the intraosseous component of the defects 
was filled with a bovine-derived bone xenograft (Bio-Oss® 
granules, 0.25–1 mm, Geistlich Biomaterials, Wolhusen, 
Switzerland) moistened in CGF liquid and mixed with 
small pieces of CGF. Two of CGF membranes were used 
to cover the entire of the defects and was adapted above 
the bone graft. The flaps were positioned coronally and 

were sutured with polyamide 5–0 sutures (Dogsan, Trab-
zon, Turkey) providing the primary wound closure.

Two weeks after the operations, the sutures were 
removed. During the postoperative period, the patients were 
received antibiotics including 500 mg of amoxicillin (Largo-
pen; Bilim, İstanbul, Turkey) and 500 mg of metronidazole 
(Flagyl; Sanofi Aventis Pharm Inc Co, Istanbul, Turkey) 3 
times a day for 7 days.

A single examiner (F.S.) who blinded to the treatment 
assignment was responsible for clinical registrations. All 
the clinical measurements were recorded after the supra-
constructions were removed before the surgery (baseline) 
and at 6 months postoperatively, using a periodontal probe 
(Nordent, Manufacturing Inc., IL, USA). Clinical measure-
ments that included plaque index (PI) [33], gingival index 
(GI) [34], BOP (presence/absence of bleeding 30 s after gen-
tle probing), and PD (the distance from the mucosal margin 
to the bottom of the peri-implant sulcus) were performed at 
four sites per implant (i.e., mesial, buccal, distal, and, pala-
tal/lingual). Clinical attachment level (CAL) was evaluated 
with respect to a fixed point on the neck of the implants and 
was measured as PD + mucosal recession.

The assessments of periapical radiographs were per-
formed by an expert investigator according to the protocol 
reported by Isler et al. [35]. The periapical radiographs with 
the long-cone paralleling technique and an individualized 
film holder (Rinn bite film holder, Dentsply, York, PA) was 
performed at baseline and 6-month follow-up. The film 
holder was attached at the natural dentition with occlusal 
fixation using an impression material. The digitized images 
of the radiographs were examined using a computer soft-
ware. Measurements, which was calibrated using implant 
length and width, were assessed between the first bone-to-
implant contact and a well-defined reference point at the 
coronal part of the implant body. The measurement of verti-
cal defect depth (VDD) was performed at both mesial and 
distal aspects of the affected implants and obtained by taking 
the average of those measurements. The defect fill (DF) was 
evaluated comparing the VDD measurements at baseline and 
the 6 months postoperatively.

Reproducibility analysis of the both clinical and radio-
graphic evaluation method was conducted by selecting five 
implants, which were chosen using a random number table 
for the second analysis. The second measurements were 
performed more than 2 weeks after the first measurements. 
When comparing the two measurements, it was aimed to 
obtain an intra-examiner agreement of 90%.

PICF collection

PICF sampling was conducted by the examiner who per-
formed the clinical examination. The PICF sample collection 
was performed before surgery and 6 months postoperatively. 
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After the supramucosal oral biofilm and isolation were care-
fully removed with cotton wool rolls, two standard paper 
strips (Periopaper, Oraflow Inc, New York, NY, USA) were 
inserted approximately 3 mm into the peri-implant sulcus 
of the affected implants and were left for 30 s. The second 
collection was performed from the same site after 1 min. 
The paper strips were immediately transferred to different 
2-ml screw-capped tubes containing the RNAlater® (Sigma-
Aldrich, Germany) and were stored at − 80 °C until the 
RNA extraction stage.

mRNA extraction of the samples

Expression of selected biomarkers was analyzed by an oral 
microbiologist (G.A) who was blinded to the identity of the 
samples. The mRNA levels of IL-6, IL-8, IL-17, VEGF, 
OPG and SOST were analyzed. Total RNA was extracted 
from respective PICF samples using a TriPure® isolation 
kit (Roche Diagnostics Co., Indianapolis, USA) and the fol-
lowing protocol conducted as recommended by the manufac-
turer. RNA samples was suspended in diethylpyrocarbonate-
treated water, DNAse-treated (Turbo DNA-free; Ambion 
Inc.), and stored at − 80 °C until use. The concentration of 
RNA/μl in the samples was determined by the microvolume 
spectrophotometer (Nanodrop 1000; Nanodrop Technologies 
LLC, Wilmington, NC, USA). For cDNA synthesis, 1 μg of 
total RNA, oligo(dT), nuclease-free water and a first-strand 
cDNA synthesis kit containing reverse transcriptase (Roche 
Diagnostics Co., Indianapolis, USA) as described by the 
manufacturer were used. The housekeeping gene of beta-
actin (β-actin) was used as the control by performing both 
in-house PCR and qPCR methods. 2X SYBR Green dye 
with (10 pmol/μl) forward (F1) primer (0.5 pmol/μl) reverse 
(R1) primer (0.5 pmol/μl), deionized water (4 μl) and cDNA 
(5 μl) was added and the final volume was adjusted to 20 μl.

Real‑time PCR assay

SYBR-green fluorescence quantification system was used to 
evaluate mRNA expressions corresponding to the B actin, 
IL-6, IL-8 IL-17, VEGF, OPG and SOST sequences for 
qPCR analysis. The primers were designed using the Light-
Cycler (Roche Diagnostics GmbH, Mannheim, Germany) 
and CLC probe design Softwares (Qiagen Bioinformatics, 
Hilden, Germany). The primer sequences, the amplifica-
tion profiles, and amplicon length are presented in Table 1. 
qPCR was carried out using the LightCycler System (Roche 
Diagnostics GmbH, Mannheim, Germany) as recommended 
by the manufacturer (FastStart DNA MasterPLUS SYBR 
Green; Roche Diagnostics Co., Indianapolis, IN, USA). The 
calculations were done according to the control gene expres-
sions of the housekeeping gene of β-actin. Quantitation was 
performed using LightCycler® Nano Software 1.1 (Roche 
Diagnostics GmbH, Germany), and the data of the relative 
expressions of the selected genes in the study were com-
puted according to the 2−ΔΔCt method [36].

Statistical methods

The sample size was calculated based on our pilot study 
conducted using the current study design that demonstrated 
the mean CAL values at 6 months as 3.53 ± 1.79 mm and 
2.11 ± 1.14 mm for the ozone and control groups, respec-
tively. It was estimated that 19 patients would be enough per 
group to achieve a power of 0.8 with a significance level of 
0.05 using Student’s t-test.

The quantitative variables were expressed as mean ± sd 
and median (min–max), while the categorical variables were 
shown as numbers (percentage) in the study. The Kolmogo-
rov–Smirnov test was used to evaluate whether the compat-
ibility of data was distributed normally. For the comparison 

Table 1   Primer sequences, 
amplification profiles, and 
estimated amplicon length

Sequence (5′-3′) Amplification profile (tem-
perature [°C]/time [s])

Ampli-
con size 
(bp)

β-actin F: CCA​ACC​GCG​AGA​AGA​TGA​
R: CCA​GAG​GCG​TAC​AGG​GAT​AG

95/10, 56/5, 72/8 661

IL-6 F: GAT​GAG​TAC​AAA​AGT​CCT​GAT​CCA​
R: CTG​CAG​CCA​CTG​GTT​CTG​T

95/10, 56/5, 72/6 628

IL-8 F: CAT​CAG​TTG​CAA​ATC​GTG​GA
R: AGA​ACT​TAT​GCA​CCC​TCA​TCT​TTT​

95/10, 56/5, 72/8 225

IL-17A F: AAC​GAT​GAC​TCC​TGG​GAA​GA
R: GGA​TTT​CGT​GGG​ATT​GTG​AT

95/10, 56/5, 72/7 172

VEGF F: GAG​ATG​AGC​TTC​CTA​CAG​CAC​
R: TCA​CCG​CCT​CGG​CTT​GTC​ACAT​

95/10, 56/5, 72/8 566

OPG F: CTG​GAA​CCC​CAG​AGC​GAA​AT
R: GCG​TTT​ACT​TTG​GTG​CCA​GG

95/10, 56/5, 72/6 151

SOST F: ACC​AGC​ACA​TCC​CTT​TTG​AG
R: GGC​AGA​AAT​GTG​TCC​GTG​A

95/10, 55/5, 72/8 188
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of the quantitative variables between the groups, Student’s 
t-test was performed if the normal distribution assumption 
was met; if not, Mann–Whitney U test was used.

The Paired t test or Wilcoxon Sign Rank test was used 
where they were indicated for the relationship between two 
quantitative dependent variables within the groups. Asso-
ciations between data were assessed using a Spearman 
rank-order correlation analysis because normal distribution 
assumptions were not provided. Potential effects of patient- 
and implant-related variables (gender, age, history of peri-
odontitis, implant location, implant surface and implant 
function time) on treatment outcome were further explored 
using linear regression analysis. The cutoff for statistical 
significance was p ≤ 0.05 for each test.

Results

The patients’ demographic data and implant 
characteristics

All patients (22 women, 18 men; mean age: 
55.08 ± 10.71 years) attended the follow-up study periods 
without missing any appointments, and completed the study 

successfully. No adverse effects related to ozone applica-
tion were reported. The information about the patients’ 
demographic data and implant characteristics of the study 
groups are shown in Table 2. No significant differences were 
observed between the groups regarding these variables.

Clinical and radiographic assessments

Baseline and 6-month follow-up clinical and radiographic 
assessments are presented in Table  3. In both groups, 
all parameters exhibited statistically significant reduc-
tions between the baseline and 6 months postoperatively 
(p < 0.001). No significant difference was observed between 
the compared groups at the baseline for all parameters 
(p > 0.05). At the 6-month follow-up, both groups demon-
strated comparable mean values with respect to PI, GI, PD, 
BOP and VDD values; while, a statistically significant dif-
ference was noticed between the groups only for the mean 
CAL values in favor of the ozone group (p = 0.026). Inter-
group analysis failed to demonstrate the differences in clini-
cal parameters between the baseline and 6 months postop-
eratively (p < 0.05). However, the radiographic evidence of 
DF at 6 months was significantly higher in the ozone group 
than in the control group (p = 0.011).

Table 2   The patients’ 
demographic data and implant 
characteristics

p < 0.05 was considered as statistically significant
a Mann–Whitney U test
b χ2 test
c Fisher exact test

Variables Ozone group Control group p value

Age (years)
 Mean ± SD 59.50 ± 8.79 53.40 ± 10.29 0.053a

 Median (min–max) 61.00 (36.00–71.00) 52.00 (33.00–69.00)
Gender, n %)
 Female 9 (45.0) 10 (50.0) 0.752b

 Male 11 (55.0) 10 (50.0)
Smoking (< 10 cigarettes/day), n (%)
 Yes 5 (25.0) 6 (30.0) 0.723b

 No 15 (75.0) 14 (70.0)
History of periodontitis, n (%)
 Yes 9 (45.0) 8 (40.0) 0.749b

 No 11 (55.0) 12 (60.0)
Implant function time
 Mean ± SD 4.73 ± 0.92 4.53 ± 0.70 0.164a

 Median (min–max) 5.05 (3.00–5.60) 4.60 (3.40–5.20)
Implant location, n (%)
 Maxilla 9 (45.0) 4 (20.0) 0.091b

 Mandible 11 (55.0) 16 (80.0)
Implant surface characteristic, n (%)
 Machined 3 (15.0) 4 (20.0) 1.000c

 Roughened 17 (85.0) 16 (80.0)
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Effects of the implant surface decontamination 
methods on mRNA expression levels in PICF

Figure 1 presents the expressions of the gene markers 
in treatment groups by displaying the fold change of 
6 months compared to baseline. Statistical analysis failed 
to reveal any significant difference between the ozone and 
control groups for all the selected mRNA expressions 
(p > 0.05). From the baseline to 6 months postoperatively, 
the fold downregulation was 7.96 ± 7.62 and 5.98 ± 6.83 
for the IL-6 levels, 2.70 ± 3.91 and 2.29 ± 2.86 for the 
IL-8 levels, 3.63 ± 3.21 and 1.74 ± 3.56 for the IL-17 
levels, 5.85 ± 7.00 and 5.14 ± 5.69 for the VEGF lev-
els, 1.20 ± 1.78 and 0.90 ± 2.66 for the OPG levels, and 

3.87 ± 3.29 and 3.15 ± 2.94 for the SOST levels in the 
ozone and control groups, respectively (Fig. 1).

Correlations between the fold changes of selected 
gene expressions and the change of clinical 
and radiographic data irrespective of treatment 
methods.

The significant positive correlations were found between 
the downregulation of IL-6 and OPG gene expressions 
(r = 0.534, p = 0.007) and between the downregulation of 
IL-6 and VEGF gene expressions at 6 months (r = 0.561, 
p = 0.004). Similarly, the downregulation of the IL-8 level 
was significantly correlated with the downregulation of 

Table 3   Comparison of the changes of clinical and radiographic parameters between baseline and at the 6-month follow-up in the treatment 
groups

PI plaque index, GI gingival index, PD probing depth, BOP bleeding on probing, CAL clinical attachment level, VDD vertical defect depth, DF 
defect fill
*Intergroup comparisons: aStudent’s t-test, bMann–Whitney U test. **Intragroup comparisons: cPaired t-test, dWilcoxon Sign Ranks test

Parameters Ozone group Control group

n Mean ± SD Median (Min–Max) n Mean ± SD Median (Min–Max) p* value

PI 20 20
Baseline
6-month follow-up
Change (Δ PI)

1.14 ± 0.19
0.43 ± 0.48
− 0.71 ± 0.57

1.00 (1.00–1.50)
0.25 (0.00–1.25)
− 1.00 (− 1.50–0.00)

1.16 ± 0.32
0.39 ± 0.41
− 0.69 ± 0.65

1.00 (0.75–2.00)
0.25 (0.00–1.00)
− 0.75 (− 2.00–(− 0.50))

0.887b

0.887b

0.929b

p** value  < 0.001d  < 0.001d

GI 20 20
Baseline
6-month follow-up
Change (Δ GI)

1.27 ± 0.57
0.10 ± 0.16
− 1.17 ± 0.69

1.00 (0.50–2.00)
0.00 (0.00–0.50)
− 1.00 (− 2.00–0.00)

1.18 ± 0.51
0.25 ± 0.35
− 0.94 ± 0.75

1.00 (0.50–2.00)
0.00 (0.00–1.00)
− 1.00 (− 2.00–0.00)

0.713b

0.478b

0.423b

p** value  < 0.001d  < 0.001d

PD 20 20
Baseline
6-month follow-up
Change (Δ PD)

6.75 ± 1.00
3.18 ± 1.10
− 3.56 ± 1.69

6.50 (5.25–8.00)
3.50 (1.25–5.00)
− 3.50 (− 6.50–(− 0.75))

6.37 ± 0.91
3.94 ± 0.93
− 2.49 ± 1.26

6.00 (5.50–8.00)
3.50 (1.75 ± 5.00)
− 2.88 (− 4.15–(− 0.50))

0.614b

0.515a

0.092a

p** value  < 0.001d  < 0.001d

BOP 20 20
Baseline
6-month follow-up
Change (Δ BOP)

93.75 ± 11.30
21.25 ± 28.45
− 68.33 ± 32.57

100.00 (75.00–100.00)
25.00 (0.00–75.00)
− 50.00 (− 100.00–(− 25.00))

95.83 ± 9.73
20.83 ± 20.87
− 77.08 ± 22.51

100.00 (75.00–100.00)
25.00 (0.00–75.00)
− 75.00 (− 100.00–(− 25.00))

0.755b

0.410b

0.151b

p** value  < 0.001d  < 0.001d

CAL 20 20
Baseline
6-month follow-up
Change (Δ CAL)

6.83 ± 1.04
3.35 ± 1.12
− 3.44 ± 1.66

6.75 (5.25–8.50)
3.50 (1.25–4.75)
− 3.38 (− 6.00–(− 1.00))

6.43 ± 1.00
4.16 ± 0.63
− 2.27 ± 1.19

6.25 (5.50–8.15)
4.25 (3.25–5.00)
− 2.38 (− 4.15–(− 0.75))

0.745a

0.026a

0.061a

p** value  < 0.001c  < 0.001c

VDD 20 20
Baseline
6-month follow-up
Change (DF)

3.39 ± 0.92
1.24 ± 0.60
2.15 ± 1.15

3.47 (2.06–5.20)
3.10 (2.12–4.89)
1.88 (0.37–4.55)

3.23 ± 0.73
2.25 ± 0.99
0.98 ± 0.89

1.20 (0.12–2.09)
2.14 (0.33–3.71)
1.01 (0.00–2.88)

0.390a

0.134a

0.011a

p** value  < 0.001c  < 0.001c
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SOST levels at 6 months (r = 0.654, p = 0.001). Further-
more, the reduced expression of IL-8 and SOST mRNA 
levels was positively correlated with PD reduction 
(r = 0.375, p = 0.041; r = 0.485, p = 0.016). On the other 

hand, a significant negative correlation was observed 
between the downregulation of SOST levels and the mean 
DF values (r = − 0.412, p = 0.045) (Table 4).

Fig. 1   Effects of peri-implantitis treatment on the fold changes of 
selected gene expressions in the ozone and control group. Data were 
expressed as the mean ± standard deviation. p < 0.05 considered sta-

tistically significant, Student’s t-test and Mann–Whitney U test. OPG 
osteoprotegerin, VEGF vascular endothelial growth factor, SOST 
sclerostin, IL-6 interleukin-6, IL-8 interleukin-8, IL-17 interleukin-17

Table 4   Spearman rank correlations between the fold changes of selected gene expressions and the change of clinical and radiographic data irre-
spective of tretment methods

OPG osteoprotegerin, VEGF vascular endothelial growth factor, SOST sclerostin, IL-6 interleukin-6, IL-8 interleukin-8, IL-17 interleukin-17, PI 
plaque index, GI gingival index, PD probing depth, BOP bleeding on probing, CAL clinical attachment level, DF defect fill
*p < 0.05 Spearman rank-order correlation analysis

Parameters VEGF IL-6 IL-8 IL-17 SOST Δ PI Δ GI Δ PD Δ BOP Δ CAL DF

OPG
 Correlation coefficient 0.402 0.534 0.026 0.181 0.184 − 0.186 0.213 0.205 0.220 0.150 − 0.052
 p value 0.051 0.007* 0.903 0.397 0.390 0.384 0.319 0.337 0.303 0.483 0.808

VEGF
 Correlation coefficient 1.000 0.561 0.361 0.190 0.173 0.291 − 0.093 0.047 0.208 − 0.021 − 0.189
 p value – 0.004* 0.083 0.373 0.418 0.168 0.666 0.829 0.330 0.922 0.376

IL-6
 Correlation coefficient – 1.000 0.087 0.051 − 0.018 0.134 − 0.028 0.178 0.216 0.119 − 0.160
 p value – – 0.686 0.814 0.935 0.533 0.896 0.406 0.311 0.581 0.454

IL-8
 Correlation coefficient – – – 0.172 0.654 0.013 − 0.144 0.375 − 0.080 0.118 − 0.048
 p value – – – 0.422 0.001* 0.954 0.503 0.041* 0.710 0.583 0.823

IL-17
 Correlation coefficient – – – – 0.263 − 0.155 − 0.136 0.051 − 0.185 − 0.048 − 0.023
 p value – – – – 0.214 0.469 0.525 0.813 0.386 0.825 0.916

SOST
 Correlation coefficient – – – – – − 0.154 − 0.054 0.485 0.064 0.138 − 0.412
 p value – – – – – 0.473 0.803 0.016* 0.765 0.521 0.045*
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Assessment of variables affecting the primary 
outcome

Univariate linear regression analysis was used to analyze the 
patient and implant-related variables independently associ-
ated with the primary outcome. The independent variables 
were examined included decontamination methods, patient 
demographics, and implant characteristics. The results of 
univariate linear regression analysis are shown in Table 5. 
Implant function time was the only variable which was found 
to have a statistically significant relationship with the treat-
ment outcome [odds ratio (OR) 1.390, 95% confidence inter-
val 0.676–2.103, p = 0.001].

Discussion

Anti-infective regimens combined with non-surgical or sur-
gical therapies of peri-implantitis have been proposed to 
assure a predictable treatment outcome by disrupting bacte-
rial adhesion and colonization to implant surface [37, 38]. 
Nevertheless, the effects of surface decontamination meth-
ods on host immune response have not yet been comprehen-
sively evaluated in peri-implantitis treatment. The present 
randomized controlled trial indicated that both decontamina-
tion methods improved clinical and radiographic outcomes 
and lead the downregulations of the selected gene expres-
sions at 6-month follow-up; whereas, no significant differ-
ences were identified between the treatment methods except 
for the mean CAL and DF values at 6 months in favor of 
ozone therapy.

The efficacy of therapeutic approaches could be revealed 
by elucidation of the interactions of inflammatory and alveo-
lar bone turnover/resorption markers in immune-regulatory 
mechanisms and their roles in disease progression processes 
[14, 29, 30]. The process of peri-implant bone regeneration 
is regulated by a sequence of complex and well-organized 
cellular and molecular signaling networks in which a vari-
ety of factors, such as hormones, cytokines and growth 

factors have a role [39]. Taking into account the present 
study findings, bone reconstruction treatment modalities 
of peri-implant defects presented reduced mRNA levels for 
all selected biomarkers at the end of the study. The pre-
sent findings on the changes in biomarkers levels are simi-
lar to the results obtained from a previous study reported 
by Wohlfahrt et al. [29], which indicated that the RST of 
peri-implantitis treatment induced some reduction of proin-
flammatory and bone markers in PICF. On the other hand, 
different decontamination methods combined with regen-
erative or non-regenerative peri-implantitis treatment have 
been investigated by detecting microbiological and immu-
nological profiles [30, 40]. In the present study, none of the 
decontamination procedures showed superiority to each 
other regarding changes in biomarker levels at 6-month fol-
low-up. This finding is in agreement with the 6-month data 
presented in a recent study that demonstrated a reduction of 
IL1-b, IL-6, TNF-a, PDGFBB, and VEGF levels in PICF; 
while, treatment groups (PerioFlow® versus YAG: ER laser 
treatments) did not show any significant differences for the 
levels of these cytokines [30].

IL-6 is a proinflammatory cytokine and plays a critical 
role in the activation of CD4+ T helper (Th) cells [25], 
which may lead to the progression of the immune-inflam-
matory response [41], and indirectly, activate osteoclast 
activities [30]. In the present study, the fold change in IL-6 
levels was found to be associated with the fold change in 
OPG levels, as well as VEGF levels. However, no rela-
tionship was demonstrated between the downregulation 
of mRNA levels of IL-6 and the changes in clinical and 
radiographic parameters. The present data are in contrast 
with those which were collected from a recent study that 
indicated a significant correlation between the reduced 
level of IL-6 concentration and BOP values after decon-
tamination treatment in peri-implant infection [42]. Previ-
ous studies have identified that osteoclastogenesis is con-
trolled by the interaction of the receptor activator of the 
NF-kB ligand (RANKL) and OPG, whose expressions are 
tightly regulated by the cytokines secreted by Th1 and Th2 

Table 5   Univariate linear 
regression analysis of variables 
affecting the primary outcome

β beta coefficient, S.E. standard error of estimate, Cl confidence interval

Variables β S.E R2 p value 95% CI

Lower bound Upper bound

Decontamination methods − 1.229 0.614 0.154 0.078 − 2.503 0.044
Age 0.042 0.032 0.075 0.195 − 0.023 0.108
Gender 0.137 0.708 0.002 0.848 − 1.330 1.605
Implant function time 1.390 0.344 0.426 0.001 0.676 2.103
Implant location − 0.297 0.705 0.008 0.678 − 1.760 1.166
History of periodontitis 0.987 0.676 0.088 0.158 − 0.415 2.390
Implant surface characteristic 

(modified–non-modified)
− 0.394 0.684 0.015 0.570 − 1.814 1.025
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cells (e.g., IL-6) contributing to peri-implantitis lesions 
[39, 43]. It was also reported that IL-6 could modulate the 
induction of VEGF which takes part in differentiation of 
hypertrophic chondrocytes, osteoblasts and osteoclasts by 
promoting angiogenesis and inhibition of both bone forma-
tion and resorption by blocking VEGF-mediated capillary 
invasion [44, 45].

IL-8 has chemotactic/activation effects on neutrophils 
under inflammatory conditions [46]. The reported findings 
on IL-8 concentration in peri-implantitis sites compared to 
healthy sites are conflicting. A higher concentration of this 
chemokine was observed in PICF from samples representing 
profuse bleeding in peri-implantitis sites [22, 27]. In con-
trast, no significant difference was indicated for IL-8 levels 
between peri-implantitis and healthy sites in some reports 
[24, 47]. In a recent study, upregulated IL-8 gene expres-
sion was demonstrated in PICF from peri-implantitis sam-
ples compared to healthy (fold change: 1.93) and mucositis 
samples (fold change: 2.31) [46]. Similar to these findings, 
both decontamination procedures in the RST of peri-implan-
titis exhibited downregulated IL-8 gene expression in treated 
peri-implantitis sites compared to non-treated sites in the 
present study (fold change: 2.70 and 2.29 for the ozone and 
control groups, respectively). On the other hand, the present 
study findings showed that the fold change in IL-8 levels 
was found to be associated with the fold change in SOST 
levels. This finding can be observed as a result of direct and 
indirect immune/bone-cell-mediated mechanisms by which 
osteoclasts may produce the osteoclastogenic chemokine 
IL-8 under pathological conditions [39].

Sclerostin encoded by the SOST gene is an osteocyte-
derived negative regulator which suppresses osteoblastogen-
esis by inhibiting the Wnt/β-catenin pathway and also by 
blocking bone morphogenetic protein signaling [48, 49]. 
Recent evidence has indicated increased expression levels 
of the SOST gene in alveolar bone loss [50, 51]. In the pre-
sent study, the downregulation of SOST gene expression 
was visibly noticed by a threefold decrease after the RST of 
peri-implantitis. Also, a significantly positive relationship 
was noted between the downregulated SOST mRNA level 
and PD reduction at 6 months; while, a negative correlation 
was observed between SOST mRNA level and the mean DF. 
Similarly, Rakic et al. [28] reported a significantly higher 
sclerostin level in peri-implantitis compared to mucositis 
and healthy sites. In that study, significant correlations were 
demonstrated between the same biomarker and BOP, PPD 
and CAL values at implant sites. In fact, systemic admin-
istration of sclerostin antibody has been suggested to have 
potential for conservative alveolar bone augmentation by 
enhancing bone formation and decreased bone resorption 
[51]. Based on the recent findings and current data, regulat-
ing the expression of SOST could provide a new therapeutic 
target in the RST of peri-implantitis.

It has been recently indicated that adjunctive ozone regi-
men in the RST of peri-implantitis exhibited a significant 
benefit in clinical and radiographic parameters [35]. Simi-
larly, in the present study, additional ozone application pre-
sented a significantly higher radiographic DF at 6 months 
inconsistent with the previous animal model studies that 
demonstrated higher bone gain with ozone therapy [16, 52]. 
When the changes in clinical parameters are considered, 
the treatment modalities in both groups showed compara-
ble results. However, a significant difference was noted in 
terms of the mean CAL value at the 6 months postopera-
tively. Nevertheless, topical gaseous ozone therapy could not 
demonstrate a significantly positive impact on the mRNA 
expression levels of selected biomarkers in PICF. This 
finding could be relevant with both duration and dosage of 
ozone application. Topical ozone was administered only for 
a short duration (during postoperative first week) as sug-
gested by Kazancioglu et al. [53]. In addition, limited sample 
size might be one of the reasons for the lack of significance 
between the study groups.

Multiple factors related to peri-implantitis may also have 
an unfavorable effect on the both clinical and immuno-
logical outcomes of RST of peri-implantitis. To examine 
the possible effect of these factors on treatment outcome, 
a linear regression analysis was performed in this study. 
The recent evidence has identified that different implant 
surface treatments may influence the cytokine production 
in the progression of peri-implantitis. In an in vitro model, 
the secretion of interleukin IL-6, IL-8, IL-10, VEGF and 
monocyte chemoattractant protein-1 (MCP-1) in response to 
Porphyromonas gingivalis lipopolysaccharide (PgLPS) sig-
nificantly increased with sandblasted and turned surfaces in 
comparison with anodized, acid-etched, TiO2-blasted/acid-
etched, and grit-blasted/acid-etched surfaces [54]. Thus, the 
distribution of different implant systems and surface char-
acteristics could be a limitation of the present study when 
analyzing the immunological profile. However, the regres-
sion analysis did not reveal implant surface characteristic as 
a significant factor affecting the treatment outcome in the 
present study. Implant function time was the only implant-
related factor which was found to have a statistically signifi-
cant relationship with the treatment outcome. The analysis 
indicated that implants having higher implant function time 
were related with higher 6-month CAL values. On the other 
hand, no significant difference was observed regarding to 
implant function time between the study groups.

Conclusion

Within the limitations of this study, it can be con-
cluded that implant surface decontamination procedures 
applied with the RST contribute to a notable reduction 
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in immuno-inflammatory response. The additional use of 
ozone therapy provided significantly higher CAL and radio-
graphic DF at 6 months postoperatively. Downregulation 
of the SOST levels was significantly associated with PD 
reduction and radiographic DF in the treatment of peri-
implantitis. Moreover, these findings may aid the develop-
ment of new therapeutic strategies for bone gain in the RST 
of peri-implantitis.
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