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Abstract
Aim: To assess whether the use of deproteinized bovine bone mineral (DBBM) and
native bilayer collagen membrane (NBCM) improved healing of peri-implantitis-
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received surgical debridement (control group [CG]), and 34 received adjunct use
of DBBM and NBCM (test group [TG]). Radiographic defect fill (RDF), probing
pocket depth (PPD), bleeding on probing (BOP), suppuration (SUP), recession
(REC), cytokines (IL-1β, IL-1RA, IL-6, IL-8, IL-12, IP10, PDGF-BB, TNF-α, VEGF),
and patient-reported outcomes (PROs) were evaluated at 3, 6, 9, and
12 months.
Results: RDF at the deepest site amounted 2.7 ± 1.3 mm in TG and 1.4 ± 1.2 mm in
CG (p <.0001). PPD was reduced by 1.9 mm in TG and 2.3 mm in CG (p = .5783).
There were no significant differences between groups regarding reductions of BOP,
SUP, REC, cytokines levels, or oral health impact profile (OHIP)-14 scores at
12 months. Successful treatment (RDF ≥ 1.0 mm, PPD ≤5 mm, ≤1/4 site with BOP
grade 1, no SUP) was identified in 32% in TG and 21% in CG.
Conclusions: DBBM and NBCM resulted in significantly more RDF than debridement
alone. No difference was found in any clinical parameters or PROs between
the groups. ClinicalTrials.gov Identifier: NCT02375750.
KEYWORDS

bone augmentation, bone substitute, deproteinized bovine bone mineral, native bilayer
collagen membrane, peri-implantitis, surgical treatment

Clinical Relevance
Scientific rationale for study: Peri-implantitis is a common complication following implant therapy.
Different regenerative surgical procedures aiming at the reconstruction of bone defects have
been used. The aim of this study was to assess whether the treatment outcome differed
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between surgical debridement with or without the addition of a deproteinized bovine bone mineral (DBBM) and a native bilayer collagen membrane (NBCM).
Principal findings: The use of DBBM and a NBCM resulted in significantly greater radiographic
defect fill (RDF) in peri-implant defects than surgical debridement alone. No difference in reductions
of probing pocket depth (PPD), bleeding on probing (BOP), or suppuration (SUP) was observed.
Practical implications: Surgical treatment of peri-implantitis defectsresults in reductions of PPD,
BOP, and REC of the oral mucosa. The adjunctive use of DBBM and NBCM results in more RDF
than surgical treatment alone.

1

|

I N T RO DU CT I O N

Giovannoli, Paris, France; or (c) Dr Sven Rinke, Hanau, Germany,
between 12 August 2014 and 16 March 2017.

Peri-implantitis is a plaque-associated pathological condition occurring

A

medical

anamnesis

of

the

patient

was

obtained.

in tissues around dental implants, characterized by inflammation in

Individuals were included if they met the following inclusion criteria:

the peri-implant mucosa and a subsequent progressive loss of the

(1) a minimum of 18 years of age; (2) a diagnosis of peri-implantitis at

supporting bone (Berglundh et al., 2018). Various clinical treatment

an implant in function for a minimum of 1 year; (3) a probing pocket

protocols for the treatment of peri-implantitis have been proposed.

depth (PPD) ≥5 mm with bleeding on probing (BOP)/suppuration

These protocols include mechanical debridement and surgical access,

(SUP); (4) a radiographic intra-osseous defect ≥3 mm; (5) a verified

as well as reconstructive procedures (Renvert & Polyzois, 2018). The

intra-osseous component of at least 3 mm during surgery; and (6) a

non-surgical approach may not be a predictable treatment option

defect with a circumference at least 270 .

 pez Del Amo et al., 2016) and surgical treatments of peri(Suarez-Lo

Exclusion criteria were as follows: (1) an HbA1c >7; (2) taking

implantitis seem to be more efficacious (Renvert et al., 2012). After

prednisone or other anti-inflammatory prescription drugs; (3) medica-

decontamination of the implant surface, a bone substitute with or

tion with side effects on gingival growth; (4) contraindications for sur-

without an additional membrane has been used to reconstruct the

gical treatments (5) smokers (>10 cigarettes per day); (6) pregnant or

bone defect at implants (Schwarz et al., 2006; Roos-Jansåker

lactating women; (7) allergy to collagen; and (8) unable to give consent

et al., 2007; Schwarz et al., 2009; Aghazadeh et al., 2012; Schwarz

for participation.

et al., 2014; Roccuzzo et al., 2016; Renvert et al., 2018).
The available evidence on the benefits of regenerative therapy at
peri-implantitis-related defects is limited (Tomasi et al., 2019).

All included patients gave written informed consent.
The primary endpoint was RDF at 12 months measured at the
deepest site on intra-oral radiographs. The side with the deepest

The primary objective of the present study was to evaluate the

defect depth at baseline (BDD) was used to calculate RDF. One

radiographic defect fill (RDF) of peri-implantitis-related bone defects

investigator (SRT), unaware of the randomization, analysed all

following the use of a deproteinized bovine bone mineral (DBBM)

radiographs using the OsiriX 3.9.1, 32-bit DICOM viewer (Pixmeo

(Geistlich, Bio-Oss®, Geistlich Pharma AG, Wolhusen, Switzerland)

SARL, Geneva, Switzerland). Picture calibration was done using the

and a native bilayer collagen membrane (NBCM) (Geistlich Bio-Gide®,

known distance between the implant threads. The distance from

Geistlich Pharma AG) as an adjunct to the surgical intervention of

the implant platform to the most coronal bone to implant contact

peri-implantitis in a randomized, multi-centre study. The secondary

was measured. Duplicate readings were done 3 weeks apart. A

objectives were to assess the change of peri-implant clinical parame-

two-way intra-class correlation coefficient (ICC) was calculated to

ters and cytokine levels from baseline to 12 months and evaluate

evaluate inter-examiner precision. The ICC value was 0.89 (95%

subject-related outcomes.

confidence interval [CI] 0.83–0.93), and the random error obtained
with the methods of moments variance estimation was 0.65 mm.
Secondary outcomes were PPD, BOP, SUP, local plaque score

2

|

MATERIALS AND METHODS

(LPS), and the mean of mesial and distal measurements of RDF.

The Regional Ethics Committee (EC) at Lund, Sweden (Protocol
ID:2009-428), EC Germany FEKI Freiburg, Germany (EC registration
number: 00001072), and EC France CPP, Paris, France (EC registra-

2.1 | Clinical measurements at baseline and
at follow-up

tion number:013/1343) approved the study. The study participants
were identified among individuals referred for treatment of peri-

The investigators at the three centres met twice to calibrate registra-

implantitis to either (a) the Specialty Clinic for Periodontology at Region

tions and surgical procedures. The following registrations were per-

Skåne or the University of Kristianstad, Sweden; (b) Dr Jean-Louis

formed at baseline and 3, 6, 9, and 12 months; (1) full-mouth plaque
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score (FMPS), (2) local plaque score (LPS) (presence/absence of

2.1.2

|

Treatment

plaque; four sites; implant), (3) PPD to the nearest millimetre using a
pressure-sensitive probe (Hawe Click probe, Kerr Dental, Bioggio,

Before entering the study, periodontal disease was treated, and no

Switzerland) (four sites; implant), (4) full-mouth bleeding score

pockets >5 mm were present. The preparatory treatment phase

(FMBS), (5) BOP using a probing force of 0.2 N (four sites/ implant;

included instruction in oral hygiene measures and debridement of teeth

graded as 0 = no bleeding, 1 = dot of bleeding, 2 = line of bleeding,

and implants. No surgical intervention was performed before good

and 3 = drop of bleeding [Mombelli et al., 1987]), (6) buccal recession

patient motivation and compliance was identified. One implant per

at the peri-implant mucosal margin from the crown/implant connec-

patient was included in the study. The choice of study implant was

tion, and (7) presence/absence of SUP (four sites/implant). An experi-

based on clinical measurements and radiographs before surgery. After

enced individual obtained all measurements at each centre.

surgical debridement, clinical measurements during surgery verified

Radiographs were taken using a long-cone parallel technique at

acceptability. Four calibrated surgeons performed the surgeries.

baseline and at 6 and 12 months.

Surgical phase
Intra-sulcular incision and, if needed, releasing incisions were made,

2.1.1

|

Cytokine sampling and assays

and a full-thickness flap was raised. In cases with a screw-retained
prosthesis, the superstructure was removed. The inflammatory tissue

Samples for analysis of cytokines were obtained at 2 and 6 weeks and

was removed using titanium curettes and a rotary titanium brush. The

at 3, 6, 9, and 12 months. Luminex MagPix multi-analyte technology

implant surface was decontaminated using 3% hydrogen peroxide for

(Luminex, Austin, TX) with references (Bio-Rad, Sundbyberg, Sweden)

1 min, followed by rinsing with saline (2  20 ml).

was used to assess the levels of 10 pro- and anti-inflammatory cyto-

The assignment to test group (TG) or control group (CG) was

kines (IL-1β [interleukin-1β], IL-1RA [receptor antagonist], IL-6, IL-8,

made using pre-prepared randomization. Cards with group identifica-

IL-12, IP-10 [interferon-inducible protein-10], platelet-derived growth

tion were prepared and placed in number-coded envelopes. Following

factor subunit B [PDGF-BB], tumour necrosis factor-α [TNF-α], and

surgical debridement of the implant and if the defect met the inclusion

vascular endothelial growth factor [VEGF]). The person performing

criteria, the randomization envelope was opened and the subject was

the analysis was unaware of when the samples had been obtained.

treated as assigned by the code instruction.

F I G U R E 1 (a) Clinical picture at baseline, (b) radiograph at baseline, (c) the intra-osseous defect after removing the chronic inflammatory
tissue, (d) defect filled with the deproteinized bovine bone mineral mixed with the subject's blood, (e) placement of the native bilayer collagen
membrane, (f) flap repositioning and suturing, (g) clinical picture at 12 months, and (h) radiograph at 12 months
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F I G U R E 2 (a) Clinical picture at baseline, (b) radiograph at baseline, (c) intra-osseous defect after removing the chronic inflammatory tissue,
(d) flap repositioning and suturing, (e) radiograph at 12 months, and (f) clinical picture at 12 months

1. TG: The defect was filled with DBBM (Geistlich Pharma AG) mixed

100 mm. At 6 weeks and 12 months, the patient filled in the oral

with the subject's blood. Before suturing, the wound area was covered

health impact profile form (OHIP-14). The form consists of 14 items

by a bilaminar NBCM membrane (Geistlich Pharma AG) (Figure 1a–h).

covering seven domains: functional limitation, physical pain, psycho-

2. CG: No additional treatment of the osseous defect (Figure 2a–f).

logical discomfort, physical disability, psychological disability, social
disability, and handicaps. At 12 months, a patient evaluation form to

The flaps were sutured using 5/0 polyamide non-resorbable

assess the overall satisfaction was also filled (Table S1).

sutures without tension.

Sample size
Post-surgical phase

If 1 mm difference in RDF (δ = 1) is to be detected at α = 0.05, a

Post-operatively, antibiotics were prescribed (azitromycin: 500 mg on

power of 80% (β = 0.2), and standard deviation σ = 1.28 mm

day 1 and 250 mg for 4 days). Post-operative pain was controlled with

(Aghazadeh et al., 2012), the appropriate number of subjects per

non-steroidal anti-inflammatory analgesics (ibuprofen 400 mg).

group was calculated as 27.

The subjects were instructed to rinse twice daily with chlorhexidine
(0.2%) and not to brush or floss at the surgical site for the first 3 weeks.
Sutures were removed after 14 days, and follow-up visits were

2.1.4

|

Statistical analysis

advised at 6 weeks and at 3, 6, 9, and 12 months, when oral hygiene
instructions were provided.

Descriptive statistics was performed using mean and standard deviations
for quantitative data and frequency and percentage for qualitative data. For
the primary outcome, namely RDF at the deepest site, a linear model was

2.1.3

|

Patient-reported outcomes

applied using the deepest baseline defect depth at baseline as a covariate
and the treatment and the centre as a fixed effect (analysis of covariance

After surgery, the subjects were instructed to fill out a diary for 8 days

[ANCOVA]). Interaction between treatment and BDD and interaction

regarding the number of ibuprofen tablets taken and their perception

between treatment and centre were included in the model only if signifi-

of post-operative pain on a visual analogue scale (VAS) from 0 to

cant. Significance level was set to 5% (p < .05). A per-protocol analysis was
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CONSORT flow diagram

performed, including all the data at 12-month follow-up. A sensitivity

3

|

RE SU LT S

intention-to-treat analysis was performed, including the last observation
carried forward for patients missing at 12-month follow-up. Another sensitivity analysis was performed including smoking in the model.

3.1 | Demographic data and baseline
characteristics

Changes in mean RDF (mesial and distal), PPD at treated implants,
recession of mucosal margin, mean BOP, number of sites with plaque,

Seventy-one subjects were enrolled in the study (21 at centre 1 and

and number of sites with suppuration were analysed with models sim-

25 each at centres 2 and 3). The first enrolment was in August

ilar to the change of RDF (ANCOVA). Two composite indexes of suc-

2014 and the last in March 2017. Thirty-seven subjects were allo-

cess were calculated: (I) RDF ≥1 mm, PPD at the implant ≤5 mm,

cated to the TG group and 34 to the CG group. Four patients (two

BOP—one out of four sites per implant with BOP grade 1 accepted,

in TG and two in CG) lost the implant, and one individual in TG was

and no SUP at any of the four assessed sites, and (II) RDF ≥0 mm,

lost to follow-up, leaving 66 patients to complete the study

PPD at the implant ≤5 mm, no BOP and no SUP at any of four

(Figure 3).

assessed sites. The composite indexes were analysed using logistic

The mean age of subjects in TG and CG were 62.2 (±10.2)

regression models considering the centre as a fixed effect. The odds

and 62.9 (±13.0) years, respectively. Twenty women were enrolled

ratio (OR) and 95% CI are provided.

in TG and 17 in CG. Eight smokers were enrolled in TG and nine

For analyses of cytokines, Mann–Whitney tests were used.

in CG (Table S2). Baseline implant data are presented in Table 1.

Pain VAS and OHIP-14 scores were analysed with linear models

The mean distance from the bone crest to the defect bottom at

without the baseline covariate but considering the centre effect. The

surgery was 5.0 mm (±1.7) in TG and 5.5 mm (±1.5) in CG

subject's overall satisfaction was analysed with the Fisher exact test.

(Table S3).
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3.1.1

|

Primary outcome

The intention-to-treat analysis was performed on 68 patients
(35 in TG and 33 in CG). For three patients (two in TG and one in

At the site with the deepest defect at baseline, treatment resulted in

CG), radiographic data were not available. The intention-to-treat

an RDF of 2.7 ± 1.3 mm in TG compared to 1.4 ± 1.2 mm in CG

analysis confirmed the result of the per-protocol analysis. The

(p < .0001, ANCOVA). The adjusted estimated difference between

adjusted estimated difference between treatments in RDF at the

treatments in RDF at the deepest site was 1.3 mm (95% CI 0.7–1.9,

deepest site was 1.3 mm (95% CI 0.7–1.9, p < .0001, ANCOVA).

p < .0001, ANCOVA). The interactions or the centre was not signifi-

The interactions or the centre was not significant. The covariate

cant. The covariate was significant, indicating greater RDF for deeper

was significant, indicating greater RDF for deeper sites at baseline

sites at baseline (p = .0248) (Table S4).

(b = 0.26; p = .0166).
The adjusted estimated difference between treatments in RDF at
the deepest point was 1.3 mm (95% CI 0.7–1.9, p < .0001, ANCOVA).

TABLE 1

Smoking was not significant: in smoking patients, the RDF was

Baseline characteristics at implant level

0.5 mm (95% CI 1.3–0.2, p = .1671).

Variable

Test group
(N = 37)

Control group
(N = 34)

Maxillary implants (%)

22 (59)

19 (56)

Mandibular implants (%)

15 (41)

15 (44)

Molar site (%)

17 (46)

14 (41)

Premolar site (%)

11 (30)

8 (24)

9 (24)

12 (35)

and p-values are reported in Table 2. Mean RDF was 2.3 ± 1.2 mm in

36 (97)

32 (94)

TG and 1.1 ± 1.1 mm in CG (difference 1.2 mm, 95% CI 0.6–1.8,

Front site (%)
Modified surface (%)
Non-modified surface (%)

3.1.2

|

Secondary outcomes

Clinical data at 12 months, changes between baseline and 12 months,
estimated differences between treatments, standard errors, 95% CIs,

1 (3)

2 (6)

Suppuration sites (mean ± SD)

1.8 (±1.4)

1.6 (±1.5)

A reduction in PPD from baseline to 12 months of 1.9 ± 1.5 mm

Bleeding on probing (mean ± SD)

1.3 (±0.9)

1.4 (±1.0)

for TG and 2.3 ± 1.8 mm for CG was observed. The changes in PPD

p < .0001, ANCOVA). The interactions or centre was not significant.

Plaque sites (mean ± SD)

0.6 (±1.0)

0.7 (±1.2)

between groups were not statistically significant (p = .5783,

Pocket depth (mean ± SD) (mm)

6.7 (±1.5)

6.8 (±1.3)

ANCOVA). The reductions in mean BOP were similar for TG and CG

Recession (mean ± SD) (mm)

0.4 (±0.8)

0.6 (±0.9)

(0.9 ± 0.9 and 1.0 ± 0.9, respectively) and not statistically significant

Deepest bone level (mean ± SD) (mm)

4.8 (±1.8)

5.3 (±1.9)

between groups in terms of mean value and change to baseline

Mean bone level (mean ± SD) (mm)

4.4 (±1.8)

4.9 (±1.8)

(p = .9921, ANCOVA).

Abbreviations: SD, standard deviation.

TABLE 2

Clinical parameters for study implants at 12 months and changes frombaseline to 12 months
Test group (N = 34) Control group (N = 32) Est. diff. Std. Er. 95% CI

Mean distance (±) to bone at deepest site at 12 months (mm)

2.1 (±1.6)

3.7 (±2.3)

Mean radiographic defect fill (±) at deepest site at 12 months (mm) 2.7 (±1.3)

1.4 (±1.2)

Mean bone level (mesial and distal) (mm)

2.1 (±1.6)

3.6 (±2.3)

Mean radiographic defect fill (mesial and distal) (mm)

2.3 (±1.2)

1.1 (±1.1)

Mean PPD at 12 months (mesial, buccal, distal, lingual) (±) (mm)

4.8 (±1.5)

4.5 (±1.5)

Mean PPD change BL to 12 months (mesial, buccal, distal,
lingual) (mm)

1.9 (±1.5)

2.3 (±1.8)

Mean BOP (mesial, buccal, distal, lingual)

0.4 (±0.6)

0.5 (±0.6)

Mean BOP change BL to 12 months (mesial, buccal, distal, lingual) 0.9 (±0.9)

1.0 (±0.9)

Mean number of sites with plaque (mesial, buccal, distal, lingual)

0.6 (±1.1)

0.6 (±1.1)

Mean change of sites with plaque BL to 12 months (mesial,
buccal, distal, lingual)

0.0 (±1.2)

0.0 (±1.8)

Mean number of sites with SUP

0.3 (±0.9)

0.3 (±0.9)

Mean change of sites with SUP

1.5 (±1.3)

1.3 (±1.7)

REC (mm)

b

0.8 (±1.2)

1.4 (±1.5)

Mean change of REC (mm)

0.5 (±0.8)b

0.9 (±1.0)

p-Valuea

1.3

0.3

0.7–1.9

<.0001

1.2

0.3

0.6–1.8

<.0001

0.2

0.3

0.8 to 0.5 .5783

0.0

0.1

0.2 to 0.2 .9921

0.0

0.3

0.5 to 0.6 .9287

0.0

0.2

0.4 to 0.4 .8792

0.4

0.2

0.8 to 0.1 .1369

Abbreviations: (±), standard deviation; BOP, bleeding on probing; CI, confidence interval; Est. diff., estimate difference; PPD, probing pocket depth; REC,
recession; Std er, standard error; SUP, suppuration.
a
Analysis of covariance.
b
N = 32.
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T A B L E 3 Clinical data for probing pocket depth (PPD), recession (REC), LPS, suppuration (SUP), and bleeding on probing (BOP) at the
different timepoints
Baseline

6 months

9 months

6.7 (±1.5)

Control group: implant mean PPD (mm)

6.8 (±1.3)

d

Test group: implant mean REC (mm)

0.4 (±1.8)a

0.9 (±1.0)b

1.1 (±1.3)c

0.8 (±1.2)f

d

e

e

1.4 (±1.5)f

Test group: implant mean PPD (mm)

4.6 (±1.8)

b

4.1 (±1.5)

e

12 months

a

1.4 (±1.4)

4.7 (±1.6)

c

4.8 (±1.5)d

4.2 (±1.5)

e

4.5 (±1.5)f

Control group: implant mean REC (mm)

0.6 (±0.9)

Test group: implant LPS

0.6 (±1.0)a

0.6 (±1.0)b

0.6 (±1.1)c

0.6 (±1.1)d

d

e

e

0.6 (±1.1)f

0.7 (±1.1)

1.6 (±1.7)

Control group: implant LPS

0.7 (±1.2)

Test group: implant SUP sites

1.8 (±1.4)a

0.2 (±0.4)b

0.1 (±0.3)c

0.3 (±0.9)d

d

e

e

0.3 (±0.9)f

Control group: implant SUP sites

1.6 (±1.5)

Test group: implant BOP

1.3 (±0.9)a

0.4 (±0.5)b

0.4 (±0.4)f

0.4 (±0.6)d

d

e

e

0.5 (±0.6)f

Control group: implant BOP
Test group: full-mouth plaque score%

1.4 (±1.0)

0.2 (±0.8)

0.9 (±1.2)

0.4 (±0.5)

23.8 (±23.0)a

0.4 (±0.4)

13.8 (±9.7)b

Control group: full-mouth plaque score%

d

27.3 (±23.1)

20.0 (±13.4)

Test group: full-mouth bleeding score%

15.9 (±19.0)a

7.8 (±7.0)b

Control group: full-mouth bleeding score%

0.2 (±0.6)

d

15.4 (±15.4)

10.4 (±10.3)

12.9 (±12)c
e

15.6 (±10.9)

16.5 (±16.7)d
e

8.2 (±7.5)c
e

8.3 (±8.2)

e

14.6 (±12.9)f
9.7 (±11.7)d
8.3 (±9.3)f

Abbreviation: (±), standard deviation.
a
37 subjects.
b
36 subjects.
c
33 Subjects.
d
34 subjects.
e
31 subjects.
f
32 subjects.

LPS was not reduced between baseline and 12 months in

Patient-reported outcomes

either group. The difference between groups was not significant

Subjects of the TG and CG groups took an average of 7.3 ± 6.3 and

(p = .9287, ANCOVA). No significant difference in the reduction

7.6 ± 7 tablets for 8 days (p = .9675). The pain score dropped from

of SUP was observed between groups (1.5 ± 1.3 in TG vs. 1.3

32.7 ± 26.8 to 23.1 ± 24.3 after 2 days in TG and from 33.3 ± 27.4

± 1.7 in CG) (p = .8792, ANCOVA). The difference in recession

to 18.3 ± 19.4 in CG. The score at day 8 was 7.3 ± 12.7 in TG and

was not significant (0.5 ± 0.8 in TG vs. 0.9 ± 1.0 in CG) (p = .1369,

6.8 ± 14.2 in CG.

ANCOVA).

The highest score possible from the OHIP-14 questionnaire was

Clinical data at different time points are presented in Table 3. At

70. At 6 weeks, a score of 66.3 ± 5.8 and 66.2 ± 6.2 was found for TG

12 months, there was no significant difference between groups in

and CG, respectively. At 12 months, 67.8 ± 4.7 was noted for the

FMPS (p = .4909, ANCOVA). FMBS decreased (baseline to

TG and 64.8 ± 6.9 was assessed for the CG. No significant difference

12 months) from 15.9 ± 19.0% to 9.7 ± 11.7% in TG and from 15.4

was found between the two groups (p = .0538, linear model). All sub-

± 15.4% to 8.3 ± 9.3% in CG (p = .3767, ANCOVA). Overall, FMPS and

jects in TG and 28 of 30 subjects of CG were satisfied with the inter-

FMBS (means) were maintained below 20% in both groups.

vention results (p = .2158, Fisher exact test).

Successful treatment using outcome I was found in 32% of individuals in TG and 21% in CG (OR: 1.78, CI 0.59–5.37, p = .3089, logistic regression), and in 35% and 30% in TG and CG, respectively, using

4
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the composite outcome II (OR: 1.23, CI 0.44–3.48, p = .6951, logistic
regression).

The present study demonstrated more RDF using DBBM and
NBCM as an adjunct to surgical treatment of peri-implantitis

Immunological outcomes

defects. The RDF values (2.7 ± 1.3 mm) in TG treatment were

The mean values for all analysed cytokines, except IL1-RA in TG, were

superior to a reported weighted mean RDF of 2.16 mm in a review

reduced at 3 months. In TG, an increase in cytokine values at

of seven studies using bone grafting materials and membranes

12 months was observed except for IL-1ß, IL-6, IL-8, and VEGF. In

(Chan et al., 2014) and with results from two other literature

CG, all analysed cytokines, except IL-1ß and IL-1RA, were lower at

reviews reporting a weighted mean RDF of 1.97 mm (Daugela

12 months (Table 4). No significant differences were found between

et al., 2016) and 2.17 mm (Khoshkam et al., 2016). In contrast, RDF

groups for any of the analysed cytokines at any time point.

values of 3.00 and 3.75 mm were reported following combined
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Abbreviations: IL-1β, interleukin-1β; IL-1RA, receptor antagonist; IL-6, IL-8, IL-12, IP-10, interferon-inducible protein-10; PDGF-BB, platelet-derived growth factor subunit B; TNF-α, tumour necrosis factor-α;
VEGF, vascular endothelial growth factor.
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procedures

of

peri-implant

defects

(Froum

et al., 2012).
In a randomized clinical trial using DBBM and either NBCM or
a platelet concentration-based membrane, the mean RDF in the
collagen membrane group was also lower (1.99 ± 0.76 mm) (Isler
et al., 2018). In another clinical trial (Renvert et al., 2018), the RDF in
TG was also lower (0.7 ± 0.9 mm) than in the present case. The difference in results could be related to the fact that no membrane was
used, making it challenging to keep the graft material in place in
non-contained defects. However, the use of membranes can also
cause post-surgical complications (membrane exposure and infections)
(Heitz-Mayfield et al., 2014). No such complications were observed in
the present study.
Few studies have compared surgical debridement alone with
augmentation of peri-implantitis defects (Tomasi et al., 2019).
Following regenerative therapy, it may be reasonable to aim for an
RDF of at least 1 mm (Renvert et al., 2018). The present study demonstrated that both treatments could achieve such a clinical target. The
use of DBBM and NBCM, however, resulted in more RDF compared to
standard of care. More RDF was also correlated to the initial defect
depth, which is in line with Aghazadeh et al. (2020). Treatment of periimplantitis using surgical and non-surgical techniques can reduce PPD
around implants (Tomasi et al., 2019). In the present study, the clinical
parameters assessed were reduced similarly in both treatment groups.
Change in PPD was even more pronounced in CG, which may be
related to the more pronounced mucosal recession in the CG.
Several definitions of successful treatment outcomes have been
employed (Aghazadeh et al., 2012; Heitz-Mayfield et al., 2014;
Roccuzzo et al., 2017; Isler et al., 2018; Mercado et al., 2018; Renvert
et al., 2018), many using the absence of bone loss, PPD ≤5 mm at the
implant sites, no or limited BOP, and absence of SUP. In the present
study, two composite therapeutic end point indices were used. The
results from the composite outcome II in TG were lower (35%) than
the 42.3% reported in the study by Isler et al. (2018). Roccuzzo
et al. (2017) reported a successful outcome in 58.3% of the implants
with a sand-blasted large grit and acid-etched surface.
It is essential to evaluate subject-related outcomes, as what is
clinically relevant for the dentist might not be important for the
patient. Although additional use of DBBM and NBCM resulted in
more RDF, this may be unimportant for the subject's perception of
success, possibly explaining why no differences were observed in the
OHIP-14 questionnaire or the overall treatment satisfaction.
Concentrations of IL-1β, IL-6, IL-10, and TNF-α and the clinical
inflammation in peri-implant tissues have been reported (Ata-Ali
et al., 2015). In a 6-month follow-up of non-surgical treatment of periimplantitis, a clinically stable treatment outcome was associated with
the reduction in IL-1β, IL-6, and VEGF levels in peri-implant crevicular
fluid (Renvert et al., 2017). In the present study, a decrease in the level
of IL-6 from baseline to 12 months was observed. The initial decrease
in TNF-α levels was followed by an increase at 12 months, indicating
a sub-clinical inflammatory process. The standard deviations of the
cytokine values were high, limiting the interpretation of the results
related to cytokine analysis.
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Besides objective measurements regarding treatment outcome,
the patient's perception of the treatment outcome is essential. Data
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on patient-related outcomes following reconstructive surgery of
peri-implantitis are limited (Tomasi et al., 2019). However, in a recent
publication, patient's site-specific comfort during oral hygiene was
evaluated, and the authors reported that this improved following
surgical therapy (Monje et al., 2020). In the present study, high scores
were reported for OHIP-14, and almost all patients were satisfied
with the results of therapy.
Also in the present study, only defects with ≥3 bony walls were
included. The benefits observed are therefore limited to these types
of peri-implant defects. Different individuals performed the measurements and surgeries since the study was a multi-centre one, which
may be considered a limitation despite pre-training. Another limitation
is that radiographic assessments of RDF following the use of a graft
may not correspond to the “true” bone levels. Although the examiner
was unaware of whether the images observed belonged to TG or CG,
it is impossible to control the examiner's perception of the procedure
used. It may be possible for an experienced examiner to identify an
adjunctive augmentation material used.
The different surface structures of the included implants is also a
limitation of the study.
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Additional use of DBBM and NBCM resulted in significantly more
RDF than with surgical debridement alone. No difference was found
in any clinical parameters or PROs between the groups.
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