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Introduction
Peri-implantitis is a pathological condition occurring in 
patients with dental implants and is characterized by inflam-
mation in peri-implant tissues and loss of supporting bone. As 
peri-implantitis is caused by bacteria, the treatment of the dis-
ease should include anti-infective measures, and the goals of 
therapy should include disease resolution and preservation of 
supporting bone (Lindhe and Meyle 2008).

Surgical therapy is required in the treatment of peri-implantitis 
to promote access for debridement of contaminated implant 
surfaces. The use of different decontamination procedures has 
included mechanical and chemical techniques, but no single 
method or combination of methods has been shown to be supe-
rior (Lindhe and Meyle 2008; Renvert et al. 2012). Adjunctive 
systemic antibiotic regimens were frequently applied in case 
series on the surgical treatment of peri-implantitis without 
evaluating their potential benefit (Graziani et al. 2012; Renvert 
et al. 2012). Results from preclinical in vivo studies on the sur-
gical treatment of experimental peri-implantitis, however, 
demonstrated that resolution of the disease is possible in the 
absence of adjunctive systemic and local antimicrobial therapy 
(Albouy et al. 2011; Carcuac et al. 2015).

Results from retrospective studies on the surgical therapy of 
peri-implantitis indicated varying degrees of successful out-
comes (Charalampakis et al. 2011; Lagervall and Jansson 

2013). The discrepancy in the onset and progression of the dis-
ease among patients and the large variation in treatment meth-
ods of surgical therapy of peri-implantitis, however, hampered 
analyses and conclusions.

The quality of reporting in clinical studies on the treatment 
of peri-implantitis was assessed in a systematic review by 
Graziani et al. (2012). It was reported that the literature is 
based on studies using small sample sizes with short-term  
follow-up and a diversity of interventions tested. A consensus 
report from the 8th European Workshop on Periodontology 
emphasized the need for identifying a standard mode of therapy 
for the treatment of peri-implantitis (Sanz and Chapple 2012). 
It was concluded that randomized controlled clinical trials are 
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Abstract
The aim of the present randomized controlled clinical trial was to investigate the adjunctive effect of systemic antibiotics and the local 
use of chlorhexidine for implant surface decontamination in the surgical treatment of peri-implantitis. One hundred patients with 
severe peri-implantitis were recruited. Surgical therapy was performed with or without adjunctive systemic antibiotics or the local use 
of chlorhexidine for implant surface decontamination. Treatment outcomes were evaluated at 1 y. A binary logistic regression analysis 
was used to identify factors influencing the probability of treatment success, that is, probing pocket depth ≤5 mm, absence of bleeding/
suppuration on probing, and no additional bone loss. Treatment success was obtained in 45% of all implants but was higher in implants 
with a nonmodified surface (79%) than those with a modified surface (34%). The local use of chlorhexidine had no overall effect on 
treatment outcomes. While adjunctive systemic antibiotics had no impact on treatment success at implants with a nonmodified surface, 
a positive effect on treatment success was observed at implants with a modified surface. The likelihood for treatment success using 
adjunctive systemic antibiotics in patients with implants with a modified surface, however, was low. As the effect of adjunctive systemic 
antibiotics depended on implant surface characteristics, recommendations for their use in the surgical treatment of peri-implantitis 
should be based on careful assessments of the targeted implant (ClinicalTrials.gov NCT01857804).
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needed to test the hypothesis that adjunctive systemic antimi-
crobial therapy enhances treatment outcomes of the surgical 
therapy of peri-implantitis and that such parallel-arm, random-
ized controlled clinical trials should include an end-point 
assessment of at least 6 and 12 mo. The consensus report also 
recommended that a composite outcome of disease resolution 
should be used. This composite outcome should include an 
absence of deep probing pockets with bleeding or suppuration 
and no further bone loss (Sanz and Chapple 2012).

This study reports on a 1-y follow-up of patients enrolled in 
a prospective randomized controlled clinical trial aimed at 
investigating the adjunctive effect of systemic antibiotics and 
the local use of chlorhexidine for implant surface decontami-
nation in the surgical treatment of peri-implantitis.

Materials and Methods

Patient Selection

The study was registered at ClinicalTrials.gov (NCT01857804) 
and approved by the Regional Ethical Committee, Gothenburg, 
Sweden (Dnr. 654-10). All subjects were informed about the 
study, given a detailed description of the procedure, and signed 
a written consent form. CONSORT (Consolidated Standards of 
Reporting Trials) guidelines for clinical trials were followed, 
and the study flowchart is presented in Figure 1.

The study population consisted of 100 patients (35 males 
and 65 females; mean age, 66.3 ± 13.6 y) presenting with severe 
peri-implantitis in ≥1 implants (i.e., peri-implant probing pocket 

depth [PPD] ≥6 mm in at least 1 aspect of the implant, together 
with bleeding and/or suppuration on probing [BoP and/or SoP, 
respectively] and radiographically documented marginal bone 
loss >3 mm). The patients were referred to 2 specialist clinics in 
periodontics (Mölndal and Gothenburg, Public Dental Health 
Services, Region Västra Götaland, Sweden) and were enrolled 
between October 2010 and December 2013. Exclusion criteria 
were compromised general health, systemic antibiotic therapy 
during the past 6 mo, and allergy to penicillin.

Baseline Examination and Randomization 
Procedure

In the baseline examination, the following variables were 
recorded at the mesial, distal, buccal, and lingual aspects of 
each implant: PPD measured with a manual periodontal probe 
(Hu-Friedy, Chicago, IL, USA) and bleeding/suppuration 
within 15 s following pocket probing.

Patients were randomly allocated to 4 treatment groups 
using computer-generated lists: group 1: systemic antibiotics/
implant surface decontamination with an antiseptic agent (n = 
27); group 2: systemic antibiotics/implant surface decontami-
nation with saline (n = 25); group 3: no systemic antibiotics/
implant surface decontamination with an antiseptic agent (n = 
24); and group 4: no systemic antibiotics/implant surface 
decontamination with saline (n = 24).

The allocation procedure was stratified for smokers/non-
smokers. Patient and implant data are presented in Table 1. The 
100 patients presented with 179 affected implants, of which 

Figure 1. CONSORT flowchart of the study.
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51% were placed in an anterior position and 65% were located 
in the maxilla. Twenty-four percent of all implants had a non-
modified surface (category A). In patient groups 1 and 2, the 
10-d systemic antibiotic regimen (amoxicillin 2 × 750 mg 
daily) commenced 3 d prior to surgery. In patient groups 1 and 
3, an antiseptic agent (0.2% solution of chlorhexidine digluco-
nate [CHX]) was applied for implant surface decontamination 
during surgery.

Sample size calculation was based on a difference of PPD 
reduction between groups of 0.5 mm with a standard deviation 
(SD) of 0.5 mm, a significance level of 5%, and 80% power. 
The required sample size was 20 subjects for each treatment 
group.

Microbiological Sampling and Analysis

Samples from subgingival microbiota were obtained from 
implant sites targeted for surgical therapy. The sampling area 
was isolated with cotton rolls and dried, and supragingival 
plaque on the implants was removed with sterile cotton pellets. 

Six sterile paper points (size 35; Dentsply Maillefer, Ballaigues, 
Switzerland) were inserted into the most apical part of the peri-
implant pocket, kept in place for 10 s, and then placed in 2 
different tubes for culture and checkerboard DNA-DNA 
hybridization analyses, respectively. For details regarding 
checkerboard DNA-DNA hybridization and culture tech-
niques, see the Appendix and Charalampakis et al. (2011).

Surgical Procedure

Prior to surgery, patients were enrolled in a hygiene program 
including professional supragingival implants/teeth cleaning 
using rubber cups, polishing paste, and oral hygiene instruc-
tions. The surgical procedure was aimed at pocket elimination 
using resective techniques. Surgeries were performed by 5 
experienced periodontists (O.C., J.D., I.A., J.W., and T.B.). 
Screw-retained supraconstructions were removed. Following 
local anesthesia, intrasulcular incisions were performed, and 
full-thickness flaps were elevated on the buccal and lingual 
aspects of affected implants. Inflamed tissue was removed, and 

Table 1. Demographic Data on Patients and Characteristics of Affected Implants.

All Groups
Group 1  

(AB+/AS+)
Group 2  

(AB+/AS–)
Group 3  

(AB–/AS+)
Group 4  

(AB–/AS–)

Number of patients 100 27 25 24 24
Age, mean (range), y 66.3 (21–90) 65.7 (23–90) 67.9 (21–88) 64.6 (27–81) 66.9 (30–88)
Gender, n (%)  
 Male 35 7 (25.9) 8 (32) 10 (41.7) 10 (41.7)
 Female 65 20 (74.1) 17 (68) 14 (58.3) 14 (58.3)
Smoking habit,a n (%)  
 Smoker 33 9 (33.3) 9 (36) 8 (33.3) 7 (29.2)
 Nonsmoker 67 18 (66.7) 16 (64) 16 (66.7) 17 (70.8)
History of periodontitis,b n (%) 84 21 (77.8) 21 (84) 21 (87.5) 21 (87.5)
Diabetes,a n (%) 5 2 (7.4) 0 1 (4.2) 2 (8.3)
CVD-related drug therapy,a n (%) 31 9 (33.3) 8 (32) 6 (25) 8 (33.3)

Number of implants presenting with  
 peri-implantitis (range)

179 (1–7) 47 (1–5) 46 (1–6) 49 (1–7) 37 (1–6)

Jaw, n (%)  
 Maxilla 116 (64.8) 35 (74.5) 28 (60.9) 32 (65.3) 21 (56.8)
 Mandible 63 (35.2) 12 (25.5) 18 (39.1) 17 (34.7) 16 (43.2)
Location, n (%)  
 Anterior (incisor-canine) 91 (50.8) 25 (53.2) 23 (50) 26 (53.1) 17 (45.9)
 Posterior (premolar-molar) 88 (49.2) 22 (46.8) 23 (50) 23 (46.9) 20 (54.1)
Implant surface category,c n (%)  
 Nonmodified  
  A 43 (24) 3 (6.4) 12 (26.1) 15 (30.6) 13 (35.1)
 Modified  
  All modified 136 (76) 44 (93.6) 34 (73.9) 34 (69.4) 24 (64.9)
  B 87 30 21 26 10
  C 9 2 2 1 4
  D 24 7 6 4 7
  E 13 5 5 1 2
  F 3 0 0 2 1

AB, antibiotic; AS, antiseptic; CVD, cardiovascular disease. 
aSelf-reported information was used for the assessment of smoking habit, presence of diabetes, and CVD-related drug therapy.
bThe presence of approximal attachment loss exceeding 2 mm in ≥2 teeth, as assessed by radiographs and by clinical examination, was scored as a 
history of periodontitis.
cA: turned surface (Nobel Biocare AB, Göteborg, Sweden); B: TiUnite surface (Nobel Biocare AB); C: TiOblast surface (Astra Tech Implant System; 
Dentsply Implant IH AB, Mölndal, Sweden); D: OsseoSpeed surface (Astra Tech Implant System); E: SLA surface (Straumann; Institute Straumann, Basel, 
Switzerland); F: Neoss ProActive surface (Neoss Ltd., Harrogate, UK).
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titanium-coated curettes (Hu-Friedy) were used to remove hard 
deposits on implants. Implant surfaces were decontaminated 
with 10 × 10–mm gauze soaked in either 0.2% CHX (groups 1 
and 3) or saline (groups 2 and 4) for 2 min. Osseous recontour-
ing was performed when indicated, and flaps were adjusted 
and closed with single interrupted sutures. Supraconstructions 
were reconnected. Patients rinsed for 1 min with 0.2% CHX 
twice daily for 14 d following surgery.

Sutures were removed 2 wk after surgical therapy, and  
self-performed mechanical infection control procedures were 
initiated. Intraoral radiographs were obtained using a long-
cone paralleling technique and a digital radiography sensor 
(74321; Dürr Dental AG, Bietigheim-Bissingen, Germany) 
with a sensor holder (Eggen-holder/Super-Bite blocks; Kerr 
Dental, Orange, CA, USA). The radiographs were analyzed 
with image software (ImageJ64; National Institutes of Health, 
Bethesda, MD, USA). The known interthread pitch distance of 
the implant was used in each radiograph for calibration of the  
coronal-apical measurements. The marginal bone level was 
assessed at the mesial and distal aspects of each implant at ×10 
magnification on a high-definition monitor. All radiological 
assessments were performed by 1 investigator (O.C.).

Evaluation at 6 and 12 mo following Treatment

During the 12-mo follow-up period, supragingival polishing 
was performed and oral hygiene reinforced in 3-mo intervals. 
Microbiological samples were taken at 3, 6, and 12 mo after 
surgery. At 6 and 12 mo, clinical assessments of PPD, BoP, and 
SoP were performed. In addition, new intraoral radiographs 
were obtained at the 12-mo examination. Adverse events 
throughout the study period were also recorded.

Bone level changes between 2 wk and 12 mo after surgery 
were assessed. For validation of bone level measurements, the 
radiographs of 30 patients were randomly selected and remea-
sured by 2 investigators (O.C. and J.D.). Double measure-
ments revealed an interexaminer agreement (interclass 
correlation) of 0.97, with a mean (±SD) difference between 
the 2 observers of 0.37 ± 0.49 mm. For the intraexaminer 
agreement, the corresponding values were 0.98, with a mean 
of 0.35 ± 0.22 mm.

Data Analysis

Clinical variables at baseline and 6 and 12 mo were expressed 
in mean values and frequency distributions (SPSS 21.0 soft-
ware package; SPSS Inc., Chicago, IL, USA). Differences 
were analyzed using analysis of variance, the χ2 test (between 
groups), and the McNemar test (within groups). Adjustment 
for multiple comparisons (pairwise tests) was performed using 
the Bonferroni correction method. A P value <0.05 was consid-
ered as significant.

Implant sites presenting with a PPD ≤5 mm, absence of 
BoP/SoP at the 12-mo examination, and bone loss ≤0.5 mm 
between 2 wk and 12 mo after surgical therapy were consid-
ered as a treatment success and the primary outcome variable. 

To identify factors affecting the probability of treatment suc-
cess, a multiple logistic multilevel model (xtlogit in Stata 
Statistical Software Release 13; StataCorp LP, College Station, 
TX, USA) was used. The hierarchical analysis included the 
patient at the higher level and the implant at the lower level. 
The logit function was applied to link the linear model with the 
probability of the binary event. The independent factors exam-
ined included treatment factors, patient-related data (age, gen-
der, smoking habit, history of periodontitis, and systemic 
disorder), and implant-related data (number of affected 
implants, jaw, and location). Implants were further categorized 
according to surface characteristics (nonmodified and modi-
fied). The model was built with the intercept as a random term. 
All variables were assessed by the Wald test in a bivariate  
analysis, and only statistically significant variables (P < 0.05) 
were retained in the multiple model. The 2 treatment factors 
were forced into the final model, and a possible interaction 
between factors was explored. Results were expressed as odds 
ratios (ORs) including 95% confidence intervals (CIs).

Results
Three patients (2 patients in group 3 and 1 patient in group 4) 
did not undergo the examination at 6 mo after surgery but 
attended the final examination (12 mo). One patient with 1 
affected implant in group 3 did not undergo the examination at 
6 and 12 mo. All patients in groups 1 and 2 reported complete 
adhesion to the systemic antibiotic regimen. Five of these 
patients reported mild gastrointestinal problems. During the 
1-y follow-up period, 6 implants in 6 patients were disinte-
grated and hence removed (group 1: 1 implant/1 patient; group 
3: 3 implants/3 patients; and group 4: 2 implants/2 patients). 
All lost implants had a modified surface.

Reduction in PPD occurred in all treatment groups but was 
significantly larger in group 2 than in groups 3 and 4 at the 1-y 
examination. At 6 mo following the surgical treatment of peri-
implantitis, BoP remained at 53% in affected implants. Further 
improvement (42%) was observed at 12 mo, with no signifi-
cant differences between treatment groups. At 12 mo, SoP was 
observed in 17% of all sites. Bone gain was observed in 
implants in patients of groups 1 and 2, while additional bone 
loss occurred in the other 2 groups (Table 2).

The overall profile of changes in total DNA probe counts 
was similar for the 4 treatment protocols and exhibited a sig-
nificant decline during the 12-mo period after surgical therapy 
(Appendix Fig.). The total viable count (TVC) also decreased 
after surgery in all treatment groups. Checkerboard and culture 
analyses showed that Fusobacterium nucleatum and Prevotella 
intermedia/Prevotella nigrescens were the most common types 
of bacteria presenting moderately heavy/heavy growth at base-
line (71% and 46% of the patients, respectively) and 1 y after 
surgical treatment (54% and 43% of the patients, respectively). 
Moderately heavy/heavy growth of Staphylococcus aureus 
was detected in 1 patient before surgery but not at the 1-y 
examination. No patient presented with moderately heavy/
heavy growth of Aggregatibacter actinomycetemcomitans. 
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Details from checkerboard and culture analyses are presented 
in the Appendix Table.

Treatment success was achieved in 45% of all implants at 
12 mo after surgical therapy. The corresponding value assessed 
at the patient level was 38% (Table 3). Treatment success was 
obtained overall in 79.1% of the implants and in 66.7% of the 
patients representing implant surface category A (nonmodified 
surface). The corresponding data for implants with modified 
surfaces (categories B, C, D, E, and F) were 34.1% and 32.5%, 
respectively. In addition, the absence of the adjunctive use of 
systemic antibiotics or local antiseptics had a minor effect on 
treatment success for implant category A. In implant category 
B, however, no cases exhibited treatment success in the absence 
of systemic antibiotics (treatment groups 3 and 4) (Table 3). 
Clinical and radiological results of 2 patients are presented in 
Figure 2.

The local use of antiseptics had no overall effect on treat-
ment success (OR, 0.31; P = 0.209), while cardiovascular dis-
ease (CVD)–related drug therapy negatively affected outcomes 
(OR, 0.11; P = 0.039) (Table 4). The analysis demonstrated an 
interaction between the effects of adjunctive antibiotics and 
surface characteristics. Thus, the use of systemic antibiotics 
had no impact on treatment success at implants with a non-
modified surface (OR, 0.27; P = 0.506), whereas at implants 
with a modified surface, a positive effect on treatment success 
was observed (OR, 38.69; P = 0.005). Consequently, in the 
absence of systemic antibiotics, implants with a modified sur-
face showed significantly lower odds (OR, 0.002; P = 0.002) 
for treatment success compared to implants with a nonmodi-
fied surface.

Based on data presented in Table 3, the number of patients 
needed to be treated with adjunctive systemic antibiotics to 
obtain treatment success at implants with a modified surface 
was 5 (95% CI, 2.3–23.8; absolute risk reduction = 23.74%).

Discussion

The present randomized controlled clinical trial evaluated the 
adjunctive effect of systemic antibiotics and the local use of 
chlorhexidine for implant surface decontamination in the sur-
gical treatment of peri-implantitis. It was demonstrated that 
treatment success was obtained in 45% of all implants but was 
higher in implants with a nonmodified surface (79%) than those 
with a modified surface (34%). The local use of chlorhexidine 
had no overall effect on treatment outcomes. While adjunctive 
systemic antibiotics had no impact on treatment success in 
implants with a nonmodified surface, a positive effect on treat-
ment success was observed at implants with a modified sur-
face. The likelihood for treatment success using adjunctive 
systemic antibiotics in patients with implants with modified 
surfaces, however, was low.

The evaluation of outcomes in the present study was con-
fined to treatment success criteria that included the combina-
tion of findings from clinical and radiological assessments. A 
similar composite outcome was not applied in previous pro-
spective studies on ≥1-y follow-up after the surgical treatment 
of peri-implantitis using pocket elimination procedures. Serino 
and Turri (2011) evaluated results at 2 y after the surgical therapy 
of peri-implantitis in 31 patients. It was reported that surgical 
treatment together with the adjunctive use of systemic antibiotics 
was an effective therapy for the majority of cases but that 
results depended on the initial severity of the disease. While no 
data on bone level changes after surgery were presented by 
Serino and Turri (2011), data from the 2-y examination dis-
closed that 48% of the patients had no implant sites with BoP 
or SoP. In a study on 24 patients, Heitz-Mayfield et al. (2012) 
reported on results from a 1-y follow-up after the surgical therapy 
of peri-implantitis with the adjunctive use of systemic antibiotics. 
It was reported that the mean PPD was <5 mm with an absence 

Table 2. Results from Clinical and Radiological Examinations.

All Groups
Group 1  

(AB+/AS+)
Group 2  

(AB+/AS–)
Group 3  

(AB–/AS+)
Group 4  

(AB–/AS–)

Probing pocket depth at deepest site at baseline, mm 7.82 ± 1.52 7.85 ± 1.57 7.93 ± 1.50 7.79 ± 1.69 7.78 ± 1.25
Probing depth changes, mm  
 Baseline to 6 mo –2.71 ± 1.71 –3.03 ± 1.58a –3.49 ± 1.54b –2.18 ± 1.54b –1.95 ± 1.81a,b

 Baseline to 1 y –2.58 ± 1.97 –2.80 ± 1.87 –3.44 ± 1.66b –2.16 ± 1.79b –1.69 ± 2.22b

Bleeding on probing, n (%)  
 6 mo 92 (52.9) 16 (34)a 24 (52.2) 26 (56.5) 26 (74.3)a

 1 y 72 (41.9) 18 (39.1) 16 (34.8) 20 (44.4) 18 (51.4)
Suppuration on probing, n (%)  
 Baseline 123 (68.7) 34 (72.3) 30 (65.2) 33 (67.3) 26 (70.3)
 6 mo 25 (14.4) 5 (10.6) 2 (4.3)c 9 (19.6) 9 (25.7)c

 1 y 30 (17.4) 6 (13) 3 (6.5)c 10 (22.2) 11 (31.4)c

Bone level changes between 2 wk and 12 mo after  
 surgery, mm

–0.21 ± 1.32 0.18 ± 1.15d 0.51 ± 0.84d –0.69 ± 1.32d –0.96 ± 1.42d

At baseline (n = 179) and 6 (n = 174) and 12 mo (n = 172) after surgical treatment. Values are shown as mean ± standard deviation unless otherwise 
indicated. AB, antibiotic; AS, antiseptic.
aP < 0.05 (group 1 v. group 4).
bP < 0.05 (group 2 v. groups 3 and 4).
cP < 0.05 (group 2 v. group 4).
dP < 0.05 (groups 1 and 2 v. groups 3 and 4).
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Table 3. Treatment Success.

Implant Level (n = 178) Patient Level (n = 99)

 Implant Surface Categorya Implant Surface Categorya

 
All  

Implants

Nonmodified Modified
All  

Patients

Nonmodified Modified

 A All Modified B C D E F A All Modified B C D E F

All groups 80/178 
(44.9)

34/43 
(79.1)

46/135 
(34.1)

14/86 4/9 16/24 11/13 0/3 38/99 
(38.4)

12/19 
(66.7)

26/80 
(32.5)

6/47 4/7 11/17 5/7 0/2

Group 1 
(AB+/AS+)

19/47 
(40.4)

1/3 
(33.3)

18/44 
(40.9)

 6/30 1/2 6/7 5/5 — 10/27 
(37)

1/3 
(33.3)

9/24 
(37.5)

4/17 0/1 4/5 1/1 —

Group 2 
(AB+/AS–)

30/46 
(65.2)

10/12 
(83.3)

20/34 
(58.8)

 8/21 2/2 6/6 4/5 — 14/25 
(56)

4/5 
(80)

10/20 
(50)

2/11 2/2 4/4 2/3 —

Group 3 
(AB–/AS+)

18/48 
(37.5)

14/15 
(93.3)

4/33 
(12.1)

 0/26 1/1 3/4 0/1 0/2 7/23 
(30.4)

4/5 
(80)

3/18 
(16.7)

0/12 1/1 2/3 0/1 0/1

Group 4 
(AB–/AS–)

13/37 
(35.1)

9/13 
(69.2)

4/24 
(16.7)

 0/10 1/4 1/7 2/2 0/1 7/24 
(29.2)

3/6 
(50)

4/18 
(22.2)

0/7 1/3 1/5 2/2 0/1

Success is defined as implants presenting with a probing pocket depth ≤5 mm, absence of bleeding/suppuration on probing, and bone loss ≤0.5 mm. 
Values are shown as number of implants/patients (%). AB, antibiotic; AS, antiseptic.
aA: turned surface (Nobel Biocare AB, Göteborg, Sweden); B: TiUnite surface (Nobel Biocare AB); C: TiOblast surface (Astra Tech Implant System; 
Dentsply Implant IH AB, Mölndal, Sweden); D: OsseoSpeed surface (Astra Tech Implant System); E: SLA surface (Straumann; Institute Straumann, Basel, 
Switzerland); F: Neoss ProActive surface (Neoss Ltd., Harrogate, UK).

Table 4. Multiple Multilevel Analysis of Factors Associated with Treatment Success.

OR 95% CI P Value

Antibiotics  
 No 1 — —
 Yes 0.27 0.005–12.99 0.506
Antiseptics  
 No 1 — —
 Yes 0.31 0.05–1.93 0.209
CVD-related drug therapy  
 No 1 — —
 Yes 0.11 0.15–0.90 0.039
Implant surface modification  
 Nonmodified 1 — —
 Modified 0.002 0.00005–0.11 0.002
Interaction of antibiotics (yes) × implant surface modification (modified) 144.37 1.12–18,510.09 0.045

CI, confidence interval; CVD, cardiovascular disease; OR, odds ratio.

of BoP in 47% of the implants and that bone levels were 
unchanged or exhibited bone gain in 92% of implants after 
treatment. The reduction of PPD and percentage of BoP after 
the treatment of peri-implantitis reported in the studies by 
Serino and Turri (2011) and Heitz-Mayfield et al. (2012) are in 
agreement with data obtained in the present study.

Assessments of bone loss in radiographs require threshold 
values that consider the measurement error. Thus, the threshold 
of 0.5 mm used as 1 of the 3 treatment success criteria in the pres-
ent study was justified as the measurement error was small and in 
line with results presented in observational studies in the field 
(Pikner et al. 2009; Koldsland et al. 2010).

The results from the multiple multilevel analysis of factors 
influencing the probability for treatment success indicated that 
the local use of chlorhexidine during surgery did not influence 
the overall probability for treatment success. On the other hand, 
patients on CVD-related drug therapy presented with signifi-
cantly lower odds for treatment success. While the relevance in 
regards to patients with a history of CVD and treatment of 

peri-implantitis is unclear, findings from risk assessments for 
peri-implantitis in a case-control study by Renvert et al. (2014) 
indicated that a history of CVD confers a larger risk for peri-
implantitis than a history of periodontitis.

The analysis in the present study also revealed that the odds 
for treatment success for implants with modified surfaces were 
significantly lower than for those with a nonmodified surface. 
Roccuzzo et al. (2011) evaluated the treatment of peri-implantitis 
using reconstructive procedures in implants with either a rough 
(TPS) or a moderately rough (SLA) surface in 26 patients and 
reported that the reduction of PPD and percentage of BoP were 
more pronounced at implants with a moderately rough surface. 
Similar observations were made in preclinical in vivo studies. 
Albouy et al. (2011), in an experimental study in dogs, exam-
ined outcomes following the surgical treatment of peri-implan-
titis at 4 different types of implants (nonmodified surface, 
SLA, TiOblast, and TiUnite). Surgical therapy was performed, 
and after a 6-mo healing period, bone gain and a resolution of 
inflammation occurred in implants with a nonmodified surface 
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and in TiOblast and SLA surfaces, whereas bone loss occurred 
in implants with the TiUnite surface. In a similar study in dogs, 
Carcuac et al. (2015) reported that results were influenced by 
implant surface characteristics. The findings in the studies by 
Albouy et al. (2011) and Carcuac et al. (2015) regarding 
implants with a TiUnite surface may be addressed with respect 
to implants of surface category B in the present study. This 
group of implants represented 49% of the entire sample. 
Furthermore, they exhibited the lowest overall frequency of 
implants/patients with treatment success (16% and 13%, respec-
tively) and had no cases with treatment success when treatment 
protocols without adjunctive systemic antibiotics (groups 3 and 
4) were used. The observed lack of effect of the local use of 
chlorhexidine on treatment outcomes reported in the study by 
Carcuac et al. (2015) is also consistent with findings in the 
present investigation.

The evaluation protocol of the present study also included 
microbiological assessments following surgical therapy. 
Although changes in the TVC between treatment groups were 

less consistent with changes in total DNA 
probe counts, overall microbiological 
outcomes appeared to be independent of 
the use of adjunctive systemic antibiotics 
and/or local antiseptics. In this context, it 
should also be noted that the occurrence 
of S. aureus was limited to 1 patient at 
baseline and that moderately heavy/
heavy growth of A. actinomycetemcomi-
tans was never detected. de Waal et al. 
(2013) reported on changes in clinical 
and microbiological outcomes over 12 
mo following the surgical therapy of 
peri-implantitis in 30 patients. Although 
the use of a combination of detergents 
resulted in a greater immediate suppres-
sion of anaerobic bacteria than a placebo 
procedure, no differences were detected 
in clinical outcomes. The findings reported 
in the study by de Waal et al. (2013) are 
partly in agreement with data presented 
in the current investigation, as the local 
use of chlorhexidine influenced neither 
clinical nor microbiological outcomes.

In summary, the present randomized 
controlled clinical trial demonstrated that 
the local use of chlorhexidine had no 
overall effect on treatment outcomes and 
that implants with a modified surface 
showed significantly lower odds for 
treatment success. As the effect of 
adjunctive systemic antibiotics depended 
on implant surface characteristics, rec-
ommendations for their use in the surgi-
cal treatment of peri-implantitis should 
be based on careful assessments of the 
targeted implant.
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