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Abstract
Objectives: To investigate whether xenograft EB (EndoBon) is non-inferior to xen-
ograft BO (Bio-Oss) when used in reconstructive surgery of peri-implant osseous 
defects.
Materials and methods: Dental patients with one implant each demonstrating peri-
implantitis were randomized to receive surgical debridement and defect fill with 
either BO or EB. Changes in bone level (BL) and intrabony defect depth (IDD) evalu-
ated radiographically were the primary outcomes. The secondary outcomes included 
changes in probing pocket depth (PPD), bleeding on probing (BoP), and suppura-
tion on probing (SoP). All outcomes were recorded before treatment and at 6 and 
12 months post-treatment.
Results: Twenty-four patients (n  =  11 BO, n  =  13  EB) completed the study. Both 
groups demonstrated significant within-group improvements in all clinical and radio-
graphic parameters at 6 and 12 months (p ≤ .001). At 12 months, both groups pre-
sented with IDD reductions of 2.5–3.0 mm on average. The inter-group differences 
were not statistically significant at all time points and for all the examined parameters 
(p >  .05). While the radiographic defect fill in both groups exceeded > 1 mm and 
can be considered treatment success, successful treatment outcomes as defined by 
Consensus Reporting (no further bone loss, PPD ≤ 5 mm, no BOP, and no SoP) were 
identified in 2/11 (18%) BO and 0/13 (0%) EB individuals (Fisher's exact test, p = .199).
Conclusions: Within the limitations of this pilot study, the application of xenograft EB 
showed to be non-inferior to xenograft BO when used in reconstructive surgery of 
peri-implant osseous defects.
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1  | INTRODUC TION

Peri-implantitis is a growing concern in the dental community 
and a public health issue associated with high economic burden 
(Schwendicke, Tu, & Stolpe, 2015). The prevalence of peri-implan-
titis ranges from 1% to 85% depending on the disease definition 
(Dreyer et al., 2018). A recent study reported that approximately 1 
out of 3 patients and 1 out of 5 implants experienced peri-implantitis 
(Kordbacheh Changi, Finkelstein, & Papapanou, 2019). According to 
the 2017 World Workshop, peri-implantitis is defined as “a plaque-as-
sociated pathological condition occurring in tissues around dental 
implants, characterized by inflammation in the peri-implant mucosa 
and subsequent progressive loss of supporting bone” (Berglundh, 
Armitage, et al., 2018).

Various treatment protocols for peri-implantitis have been sug-
gested; however, there is no consensus as to which one is the most 
effective intervention (Garaicoa-Pazmino, Sinjab, & Wang,  2019). 
Non-surgical therapy appears to be ineffective in reducing probing 
depths and eliminating bacteria from implant surfaces especially in 
more severe cases (Persson, Samuelsson, Lindahl, & Renvert, 2010; 
Renvert, Hirooka, Polyzois, Kelekis-Cholakis, & Wang,  2019). 
Surgical therapy has proven to be more effective in the reduction of 
probing pocket depths and bleeding on probing as well as in promot-
ing new bone fill, possibly because it provides access to the defect 
area for removal of the granulation tissue and debridement/decon-
tamination of the exposed implant threads (Berglundh, Wennstrom, 
& Lindhe, 2018; Froum et al., 2016; Sarmiento, Norton, Korostoff, 
Ko, & Fiorellini, 2018). The addition of bone substitutes with or with-
out barrier membranes has demonstrated promising results in terms 
of radiographic defect reduction and improvement of clinical param-
eters, especially in well-contained (4-wall and 3-wall) intrabony de-
fects (Jepsen et al., 2016; Renvert, Roos-Jansaker, & Persson, 2018; 
Roos-Jansaker, Persson, Lindahl, & Renvert, 2014; Schwarz, Sahm, 
Bieling, & Becker, 2009; Schwarz, Sahm, Schwarz, & Becker, 2010; 
Wiltfang et al., 2012). Nevertheless, complete resolution of the bony 
defect is still not predictable (Khoshkam et al., 2016).

Bovine bone substitutes have been extensively used in peri-
odontal regeneration, socket preservation, peri-implant recon-
struction, and alveolar bone augmentation (Garaicoa-Pazmino 
et al., 2019; Haugen & Lyngstadaas, 2019). Numerous preclinical and 
clinical histomorphometric studies have shown that bovine xeno-
grafts are biocompatible and osteoconductive, with extremely slow 
degradation rate, and therefore able to maintain the volume of the 
augmented site in the long term (Artzi, Tal, & Dayan, 2000; Cordaro 
et al., 2008; Mellonig, 2000; Ramirez-Fernandez et al., 2011; Spies, 
Schnurer, Gotterbarm, & Breusch, 2010).

Bio-Oss® (BO) is a well-known deproteinized sterilized cancel-
lous bovine bone with a porosity of 75% to 80% and small granule 
size of 250–1,000  μm (Degidi et al., 2004). Due to its hydrophilic 
properties, it facilitates the adsorption of blood cells and proteins 
(Jiang, Dziak, Lynch, & Stephan, 1999). This leads to reliable bone 
formation and implant osseointegration, which resembles the os-
seointegration that takes place in normally healed extraction sites 

(Berglundh & Lindhe, 1997). BO has been used extensively for the 
treatment of peri-implantitis showing promising results in terms of 
reduced radiographic defect depth and improved clinical parame-
ters (Aghazadeh, Rutger Persson, & Renvert, 2012; Matarasso, Iorio 
Siciliano, Aglietta, Andreuccetti, & Salvi,  2014; Roccuzzo, Pittoni, 
Roccuzzo, Charrier, & Dalmasso, 2017; Schwarz et al., 2010).

Endobon® (EB) is a newer bovine-derived hydroxyapatite ce-
ramic with small granule size (particle size 500–1,000 μm) that has 
been fully deproteinized by a two-step, high temperature process 
for safety from bacteria, viruses, and prions (manufacturer's infor-
mation at dentalwww.zimme​rbiom​etden​tal.com). This processing 
method leads to high crystallinity and minimal resorption of graft 
particles (Block, 2019). The structure of EB with the interconnect-
ing micro- and macropores facilitates the ingress of osteogenic cells 
and acceleration of bone ingrowth (Hing, Best, & Bonfield,  1999; 
Ramirez-Fernandez et al., 2011). Histological and clinical data sug-
gest that EB has similar reconstructive potential to BO when used 
for grafting fresh extraction sockets (Barone et al., 2013). The use 
of EB in the surgical treatment of peri-implantitis has been recently 
reported in a clinical trial (Renvert et al., 2018).

The objective of the present study is to evaluate whether the 
reconstructive potential of EB is non-inferior to BO when applied 
in peri-implant intra-osseous defects in a non-submerged technique 
after 6 and 12 months of healing. We hypothesize that the peri-im-
plantitis defects treated with EB will not exhibit an inferior outcome 
compared to BO in terms of radiographic defect reduction around 
dental implants.

2  | MATERIAL S AND METHODS

2.1 | Study design

The study was carried out as a randomized, controlled, single-
blinded, non-inferiority clinical trial of 12 months of follow-up. The 
study protocol was approved by the ethical committee of the VU 
Medical Centre, Amsterdam (NL51525.029.15), and was registered 
at the ISRCTN (https://www.isrctn.com/ISRCT​N1434​7002). The 
study was conducted in accordance with the principles outlined in 
the Declaration of Helsinki (1975, revised in 2008).

2.2 | Study population

The present pilot study is in compliance with the CONSORT 
guidelines. The study participants were recruited from patients 
who had been referred to the Department of Oral Implantology 
and Prosthodontics or the Department of Periodontology at the 
Academic Centre for Dentistry Amsterdam (ACTA) for treatment of 
peri-implantitis. Before participation, each patient was given a de-
tailed description of the procedure, its associated risks and benefits, 
and signed an informed consent. Patients who presented with a min-
imum of one osseo-integrated implant, which had been in function 

http://www.zimmerbiometdental.com
https://www.isrctn.com/ISRCTN14347002
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for more than one year, were included in the study. In patients with 
more than one peri-implant defect meeting the inclusion criteria, 
only one defect per patient was defined as the target (the most se-
vere defect) and included in the study. All patients had received non-
surgical treatment before enrollment.

Patients were screened for the following eligibility criteria: mar-
ginal bone loss ≥3 mm detected radiographically and probing pocket 
depth (PPD) ≥5 mm at one or more peri-implant sites, in combination 
with bleeding and/or suppuration on probing (BoP/SoP). The patients 
who met the initial eligibility criteria were assessed intra-operatively 
for the following defect-related inclusion criteria: intra-osseous de-
fect component ≥3 mm at the deepest part and presence of at least 

three osseous walls. The exclusion criteria included diabetes mellitus 
(hemoglobin A1c ≥6.5%), use of corticosteroids or other anti-inflam-
matory prescription drugs, use of systemic antibiotics in the preced-
ing month, pregnancy or lactation, implants previously surgically 
treated for peri-implantitis, and implant mobility.

Dental patients were screened for eligibility between 2015 and 
2018. Using a computer-generated randomization schedule, patients 
who met the inclusion criteria were allocated to receive one of the 
two possible treatments, either BO (Bio-Oss®, Geistlich Pharma, 
Wolhusen, Switzerland) or EB xenograft granules (Endobon®, 
Zimmer Biomet, Palm Beach Gardens, FL, USA) (Figure 1). A clinically 
significant difference in the effectiveness of the two graft materials 

F I G U R E  1   Consort diagram of patient distribution
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was considered a difference of 1 mm in radiographic defect reduc-
tion. Therefore, a sample size calculation was performed based on 
the 1  mm non-inferiority limit (standard deviation 1.2  mm) in the 
mean radiographic defect reduction between the two groups (Roos-
Jansaker, Lindahl, Persson, & Renvert,  2011; Roos-Jansåker et al., 
2007). The power analysis was performed using the online Sealed 
Envelope software (https://www.seale​denve​lope.com). With a level 
of significance of alpha = 0.05 in a one-sided hypothesis (or equiva-
lently with alpha = 0.10 in a two-sided hypothesis) and 80% power, 
18 patients per group were required. A withdrawal/dropout rate of 
10% was considered acceptable; therefore, it was planned to recruit 
a total of 40 patients.

2.3 | Clinical examination

The following clinical recordings were collected at baseline and at 
the 6- and 12-month follow-up by an experienced, calibrated exam-
iner who was blinded to intervention assignment (D.A.M): 1. PPD to 
the nearest millimeter, 2. presence/absence of BoP and SoP assessed 
within 30 s after probing, and 3. full-mouth plaque score (FMPS). All 
measurements were performed at six sites per implant (mesiobuccal, 
buccal, distobuccal, distopalatal, palatal, and mesiopalatal) using the 
periodontal probe XP23/UNC 15 (HuFriedy, Chicago, IL, USA).

2.4 | Surgical treatment and post-operative care

Surgeries were performed by an experienced surgeon (D.W.). The sur-
gical technique has been described previously (Jepsen et al., 2016). 
Briefly, following the removal of the supra-structure whenever that 
was possible, intracrevicular incisions were performed around the 
implant. Full-thickness mucoperiosteal flaps were raised on the 
buccal and lingual aspects to fully access the peri-implant defect. 

Vertical releasing incisions into the vestibule at a distance of at least 
one tooth/implant from the target implant were performed as nec-
essary for adequate access. Granulation tissue was removed with 
titanium curettes (HuFriedy, Chicago, IL, USA), and the exposed im-
plant threads were carefully debrided and decontaminated with 3% 
H2O2 for 1 min, followed by rinsing with copious amounts of saline. 
The intrabony defect was filled with either BO or EB. Before applica-
tion, both graft materials were moistened in sterile saline for 5 min. 
The prostheses were then reconnected, and the flaps were re-ap-
proximated and sutured with monofilament non-resorbable sutures 
(Gore-Tex 5-0, W.L. Gore & Associates). The wound healing was 
performed in a non-submerged mode. In case the defect did not fill 
the inclusion criteria, the patient was excluded from the study and 
was treated with an open flap debridement procedure (Berglundh, 
Wennstrom, et al., 2018).

Detailed post-operative instructions were given to the patients. 
The patients were prescribed antibiotics; amoxicillin 500 mg X 3 per 
day and metronidazole 500 mg X 2 per day for 8 days, starting one 
day before the surgery. The patients were also prescribed analgesics 
(paracetamol 500 mg) to use as needed. During the first 4 weeks, 
all participants rinsed with 0.12% chlorhexidine twice daily. Patients 
were recalled at 6 weeks and 3, 6, 9, and 12 months after the surgery 
for professional oral hygiene procedures that included supragingi-
val debridement and polishing with a rubber cup and a low-abrasive 
paste. Oral hygiene instructions were given to each patient as nec-
essary. The study timeline is outlined in Figure S1.

2.5 | Radiographic evaluation

Intra-oral periapical radiographs of the target implant were taken 
using the parallel long-cone technique and an Eggen holder (Firma 
Eggen, Lillehammer, Norway) at baseline, and 6 and 12 months after 
surgery. The evaluation of the radiographs was performed using the 

F I G U R E  2   Radiographic assessment 
of: (a) bone level (red line) and (b) 
intrabony defect depth (green line) at 
baseline, 6 and 12 months after treatment 
at an implant treated with BO (a-c) and 
EB (d-f)

(a) (b) (c)

(d) (e) (f)

https://www.sealedenvelope.com
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software ImageJ, which was designed by National Institute of Health 
(NIH, VA, USA) for image analysis. To compensate for the anatomic 
magnification and possible variation in the alignment of the films, 
the linear dimensions of the images were calibrated using the known 
length of the implant or the known distance between two implant 
threads.

The following radiographic measurements were recorded at the 
peri-implant defect (Figure 2): (a) bone level (BL): vertical distance 
between the implant shoulder and the bottom of the defect and (b) 
intrabony defect depth (IDD): vertical distance between the alveolar 
crest and the bottom of the defect. Based on these measurements, 
changes in bone level and vertical defect depth from baseline to 6 
and 12 months were calculated. The radiographic reduction of the 
intrabony component of the defect was calculated in mm based 
on the difference of the IDD between the baseline and the study 
end points. The supracrestal component of the defect (SC) was also 
evaluated based on the difference between the BL and IDD values. 
The most coronal contact of the implant surface with bone or bone 
with graft material was used to define the BL and IDD. Floating 
graft particles or single isles of bone or bone-like material were not 
considered.

All radiographs were de-identified and one examiner (A.P.) who 
was blinded to treatment allocations made all the radiographic mea-
surements. In order to minimize the measurement error, the radio-
graphic measurements at baseline, 6 and 12 months of 15 randomly 
selected patients we repeated by the same examiner (A.P.) after one 
month. The intra-examiner agreement was evaluated by means of 
the intraclass correlation coefficient (ICC).

2.6 | Statistical analysis

The primary outcome variables were changes in the radiographic 
BL and IDD. Secondary outcomes included changes in PPD, BoP, 
and SoP. Data were expressed as mean (SD) or percentages (%). 
Comparisons between the two groups were performed using the 
independent sample t test for quantitative variables (age, defect 
depth, PPD, etc) and the Chi-square test or Fisher's exact test for 
qualitative variables (gender, smoking status, reason for placing im-
plants, treatment success, etc). A repeated measures ANOVA was 
performed for within-group comparisons. The level of significance 
was set at 5%. The statistical analyses were performed with a com-
mercial software package (SPSS inc., IBM, Armonk, New York, 
USA).

3  | RESULTS

3.1 | Study population and baseline characteristics

The initial study design was to recruit a total of 40 peri-implantitis 
patients. However, due to the relocation outside of the Academic 
Center for Dentistry Amsterdam (ACTA) of the clinical examiner 

(D.A.M.) and the surgeon (D.W.), the screening process stopped 
at 33 patients. Therefore, we consider the current study as a pilot 
study. Figure 1 outlines the flow diagram of the patient enrollment, 
allocation to interventions, follow-up, and data analysis. Twenty-five 
patients out of 33 fulfilled the inclusion criteria and were randomized 
to surgical treatment with either BO or EB. One patient refused to 
attend the follow-up examinations; therefore, 24 patients completed 
the study and their data were analyzed.

The demographic, dental, and implant characteristics of the 24 
study participants at baseline are presented in Table 1 and Table S1. 
The two groups were similar in terms of age, gender, smoking status, 
implant location, and years of functional loading. None of the partic-
ipants demonstrated side effects or patient morbidity, beyond what 
is normally expected for similar surgical procedures.

TA B L E  1   Study population characteristics at baseline (n = 24 
patients)

Variable BO (n = 11) EB (n = 13)
Test value, 
p value

Age (years), mean 
(SD)

65.5 (11.2) 57.3 (15.1) T = 1.479, 
p = .153a 

Gender

Male 5 (45%) 8 (62%) X2 = 0.621,

Female 6 (55%) 5 (38%) p  = .431b 

Smoking status

Smoker 3 (27%) 2 (15%) Fisher's 
exact test, 
p = .630

Non-smoker 8 (73%) 11 (85%)

History of periodontal treatment

Yes 4 (36%) 6 (46%)

No 5 (46%) 7 (54%)

Unknown 2 (18%) 0 (0%) -

Type of prosthesis

Single crown 8 (73%) 11 (84%) -

Fixed partial 
denture

3 (27%) 1 (8%)

Overdenture 0 (0%) 1 (8%)

Jaw

Maxilla 6 (55%) 6 (46%) X2 = 0.168,

Mandible 5 (45%) 7 (54%) p  = .682b 

Location

Anterior 2 (18%) 2 (15%) Fisher's 
exact test, 
p = 1.000

Posterior 9 (82%) 11 (85%)

Years of function 
mean (SD) 
(range)

7.0 (3.4)
(3–13)

8.1 (4.9)
(2–20)

T = −0.616, 
p = .544a 

Abbreviations: BO, Bio-Oss®; EB, Endobon®; SD, standard deviation.
aIndependent sample t test. 
bChi-square test. 
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Parameter BO EB
Between-group 
comparisona 

BL (mm)

Baseline 5.3 (1.2) 4.9 (1.1) T = 0.885, p = .386

6 months 3.3 (1.3) 2.5 (1.1) T = 1.524, p = .142

12 months 3.1 (1.3) 2.1 (1.3) T = 1.881, p = .073

Within-group 
comparisonb 

F = 76.890, 
p < .001

F = 46.724, 
p < .001

IDD (mm)

Baseline 4.9 (0.9) 5.9 (1.8) T = −1.763, p = .094

6 months 2.6 (0.6) 3.1 (1.8) T = −0.979, p = .345

12 months 2.4 (0.6) 2.9 (1.3) T = −1.385, p = .183

Within-group 
comparisonb 

F = 71.544, 
p < .001

F = 49.796, 
p < .001

SC (mm)

Baseline 0.4 (1.2) −0.9 (1.6) T = 2.405, p = .025

6 months 0.7 (1.5) −0.6 (1.8) T = 1.843, p = .080

12 months 0.7 (1.6) −0.6 (1.6) T = 2.359, p = .028

Within-group 
comparisonb 

F = 1.646, 
p = .218

F = 0.985, 
p = .389

PPD (mm)

Baseline 7.0 (1.8) 7.1 (1.2) T = −0.221, p = .827

6 months 3.5 (1.0) 3.4 (0.6) T = 0.526, p = .604

12 months 3.4 (0.6) 3.4 (0.5) T = 0.115, p = .910

Within-group 
comparisonb 

F = 42.449, 
p < .001

F = 88.502, 
p < .001

BoP (%)

Baseline 100 (0.0) 100 (0.0) T = 1.359, p = .188

6 months 47.7 (32.5) 32.7 (21.4) T = −0.437, p = .670

12 months 45.5 (33.2) 50 (10.2)

Within-group 
comparisonb 

F = 20.331, 
p < .001

F = 93.638, 
p < .001

SoP (%)

Baseline 79.5 (40.0) 86.5 (33.3) T = −0.468, p = .645

6 months 4.6 (15.1) 0.0 (0.0) T = 1.000, p = .341

12 months 0.0 (0.0) 1.9 (6.9) T = −0.917, p = .369

Within-group 
comparisonb 

F = 35.552, 
p < .001

F = 84.598, 
p < .001

Plaque (%)

Baseline 31.7 (13.1) 29.4 (13.0) T = 0.390, p = .701

6 months 15.9 (8.0) 11.5 (6.4) T = 1.461, p = .159

12 months 17.5 (11.5) 14.0 (9.3) T = 0.776, p = .447

Within-group 
comparisonb 

F = 12.152, 
p = .001

F = 12.221, 
p < .001

Abbreviations: BL, bone level; BO, Bio-Oss®; BoP, bleeding on probing out of six sites per implant; 
EB, Endobon®; IDD, intrabony defect depth; PI, full-mouth plaque index; PPD, probing pocket 
depth (mean of 6 sites per implant); SC, supracrestal component; SD, standard deviation; SoP, 
suppuration on probing out of six sites per implant.
aIndependent sample t test. 
bRepeated measures ANOVA. 

TA B L E  2   Radiographic and clinical 
parameters (mean (SD) at baseline, 6 and 
12 months of the 24 peri-implant defects
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3.2 | Intra-examiner reliability

The peri-implant BL and IDD were re-assessed by the same exam-
iner at 1-month interval. Fifteen patients were randomly selected, 
and their baseline and 6-month and 12-month radiographs (45 ra-
diographs in total) were re-evaluated in order to assess the reliabil-
ity of the measurements. The intraclass correlation coefficient (ICC) 
values for the radiographic parameters at baseline, 6 months, and 
12 months ranged from 0.948 to 0.965, indicating high agreement 
between repeated measurements (Table S2).

3.3 | Primary and secondary outcomes

The radiographic and clinical parameters at baseline and at the 6- and 
12-month end points for both groups are summarized in Tables 2 and 3 
and Figures 3 and 4. Both parametric (t test, repeated measures ANOVA) 
and non-parametric (chi-square, Mann–Whitney U test, Friedman) tests 
were used providing similar results. Here, the results of parametric tests 
are reported. At baseline, all radiographic and clinical parameters were 
similar for both groups, except the SC that was significantly different 
between the two groups (T = 2.405, p = .025). In the EB group, most of 
the implants were placed subcrestally leading to a mean SC of −0.9 (1.6) 
(Table 2). Radiographically assessed BL and IDD presented within-group 
statistically significant reductions from baseline to 6 and 12 months. In 
the BO group, the mean BL decreased from 5.3 (1.2) mm to 3.3 (1.3) mm at 
6 months and to 3.1 (1.3) mm at 12 months (F = 76.890, p < .001). In the EB 
group, the mean BL value of 4.9 (1.1) mm at baseline, decreased to 2.5 (1.1) 
mm at 6 months and to 2.1 (1.3) mm at 12 months (F = 46.724, p < .001). 
Regarding the IDD, the mean value recorded for the BO group was 4.9 
(0.9) mm, 2.6 (0.6) mm, and 2.4 (0.6) mm at baseline, 6, and 12 months, 
respectively (F = 71.544, p < .001). The corresponding values for the EB 
group were 5.9 (1.8) mm, 3.1 (1.8) mm, and 2.9 (1.3) mm at baseline, 6, 
and 12 months, respectively (F = 49.796, p < .001) (Table 2, Figure 3). The 
mean changes in BL and IDD from baseline to 6 and 12 months of follow-
up were not statistically significant between the two groups (Table  3, 
Figure 4). The SC increased overall from baseline to 6 and 12 months; 
however, the within-group differences were not statistically signifi-
cant. Furthermore, the mean changes of the SC from baseline to 6 and 
12 months were not significant between BO and EB (Tables 2 and 3).

All clinical parameters (secondary outcomes) improved at 6 and 
12 months following surgical treatment. In the BO group, the mean PPD 
(out of six sites per implant) decreased from 7.0 (1.8) mm to 3.5 (1.0) mm at 
6 months and to 3.4 (0.6) mm at 12 months (F = 42.449, p < .001). Similarly, 
in the EB group PPD decreased from 7.1 (1.2) mm to 3.4 (0.6) mm at 
6 months and to 3.4 (0.5) mm at 12 months (F = 88.502, p < .001). No sta-
tistically significant differences were found between the two study groups. 
The proportion of implant sites presenting with BoP was reduced by more 
than 50% at the 6- and 12-month post-operative evaluation in all patients. 
The proportion of implant sites with SoP was also reduced by more than 
75% at the 6- and 12-month post-operative evaluation in all patients. 
There were no intergroup differences in BoP or SoP at any time point. Full-
mouth plaque scores were approximately 30% at baseline in both groups 

and were further reduced by 14%–18% after treatment. At all time points, 
plaque scores did not differ by study group.

3.4 | Successful treatment outcome at 12 months

Successful treatment is determined by the presence of 
PPD  ≤  5  mm, complete absence of BoP and SoP, and no further 

TA B L E  3   Changes in radiographic and clinical parameters (mean 
(SD) at 6 and 12 months, in BO and EB treatment groups

Parameter BO EB
Test value,  
p valuea 

BL (mm)

Baseline to 
6 months

2.0 (0.7) 2.4 (1.0) T = −1.113, 
p = .278

Baseline to 
12 months

2.2 (0.8) 2.8 (1.3) T = −1.233, 
p = .231

IDD (mm)

Baseline to 
6 months

2.3 (0.9) 2.7 (1.2) T = −1.036, 
p = .312

Baseline to 
12 months

2.5 (0.8) 3.0 (1.1) T = −1.053, 
p = .304

SC (mm)

Baseline to 
6 months

−0.3 (0.7) −0.3 (0.8) T = 0.117, p = .908

Baseline to 
12 months

−0.3 (0.7) −0.2 (0.7) T = −0.496, 
p = .625

PPD (mm)

Baseline to 
6 months

3.5 (1.7) 3.8 (1.4) T = −0.448, 
p = .659

Baseline to 
12 months

3.6 (1.7) 3.8 (1.4) T = −0.271, 
p = .789

BoP (%)

Baseline to 
6 months

52.3 
(32.5)

67.3 
(21.4)

T = −1.359, 
p = .188

Baseline to 
12 months

54.5 
(33.2)

50.0 
(10.2)

T = 0.470, p = .643

SoP (%)

Baseline to 
6 months

75.0 
(43.3)

86.5 
(33.3)

T = −0.738, 
p = .468

Baseline to 
12 months

79.5 
(40.0)

84.6 
(33.1)

T = −0.340, 
p = .737

Plaque (%)

Baseline to 
6 months

15.0 
(12.3)

17.9 (11.6) T = −0.555, 
p = .586

Baseline to 
12 months

14.2 (8.4) 15.4 
(16.3)

T = −0.190, 
p = .852

Abbreviations: BL, bone level; BO, Bio-Oss®; BoP, bleeding on probing 
out of six sites per implant; EB, Endobon®; IDD, intrabony defect depth; 
PI, full-mouth plaque index; PPD, probing pocket depth (mean of 6 sites 
per implant); SC, supracrestal component; SD, standard deviation; SoP, 
suppuration on probing out of six sites per implant.
aIndependent sample t test. 
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bone loss (Heitz-Mayfield, Needleman, Salvi, & Pjetursson, 2014; 
Jepsen et al., 2019). Using this strict criterion, successful treatment 
was found in only 2 of 11 (18%) and none of 13 (0%) individuals of 
the BO and EB groups, respectively (Fisher's exact test, p = .199). 
When less strict criteria were applied including PPD  ≤ 5 mm, ≤1 
site with BoP, absence of SoP, and no further bone loss (Renvert 
et al., 2018), 2 of 11 (18%) and 1 of 13 (8%) patients treated with BO 
and EB, respectively, were successfully treated (Fisher's exact test, 
p = .576). When it comes to regenerative therapy, reduction of the 
radiographic defect of >1  mm might be considered as treatment 
success (Renvert et al., 2018). The treatment approaches used in 

the present study resulted not only in no further progression of 
bone loss, but also in radiographic defect reduction of more than 
1 mm in all patients at 12 months (Table 3).

4  | DISCUSSION

The aim of the present study was to compare the reconstruc-
tive potential of two different bovine-derived bone substitutes 
in contained, 3- or 4-wall peri-implant defects. The changes in 
bone level and intrabony defect depth (defect reduction) assessed 

F I G U R E  3   Radiographic and clinical parameters around the implants at baseline, 6 months and 12 months after treatment in both 
groups. There were no statistically significant differences between BO and EB in any of the parameters that were examined. The error bars 
represent the standard deviations (SD)
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radiographically were the primary outcome measures. Intra-oral 
radiography using the parallel technique is a quick and easy way to 
assess the bone level around teeth or implants and is considered 
a reliable tool in determining the peri-implant marginal bone level 
changes between different examinations (Cassetta, Di Giorgio, & 
Barbato, 2018). This method, however, has some inherent limita-
tions; first of all, the X-ray is a two dimensional examination of 

three-dimensional structures and has a tendency to underes-
timate the amount of bone loss around implants (Serino, Sato, 
Holmes, & Turri,  2017). Second, the healing of the peri-implant 
intra-osseous defect and re-osseointegration of the diseased im-
plant surface can only be verified by means of histological imaging 
(Jepsen et al., 2019; Ritter et al., 2014). Third, the interpretation 
of radiographic defect reduction may be affected by the fact that 

F I G U R E  4   Changes in radiographic and clinical parameters around the implants from baseline to 6 and 12 months after treatment in both 
groups. No inter-group differences were found in any parameter. The asterisks (*) represent statistical significant within-group differences 
(p < .001) from baseline to the 6- and 12-month time points in all parameters. The error bars represent the standard deviations (SD) 
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over time, graft material may not be distinguishable from newly 
formed bone (Beaman et al., 2006; Tomasi et al., 2019).

Regarding the histological healing following the application of 
bovine-derived xenografts into peri-implant osseous defects, pre-
clinical animal studies demonstrated integration of the graft particles 
within newly formed bone and re-osseointegration of the previously 
exposed implant surfaces (Benic et al., 2016; Hammerle, Chiantella, 
Karring, & Lang, 1998). However, to the best of the authors’ knowl-
edge there is a paucity of human studies regarding the histological 
healing of bovine xenografts in conjunction with peri-implant related 
bone defects.

The present study reports no differences in the treatment out-
come between the two groups. The mean radiographic defect re-
duction at 12  months was 2.5 (0.8) mm and 3.0 (1.1) mm for the 
BO and EB groups, respectively. These results are consistent with 
other studies where xenogenic bone grafts were used for the recon-
struction of peri-implant intrabony defects (Matarasso et al., 2014; 
Roccuzzo, Bonino, Bonino, & Dalmasso, 2011; Wiltfang et al., 2012). 
Other studies, however, reported only 1 mm reduction in bone levels 
after surgical treatment with bovine-derived xenografts (Aghazadeh 
et al., 2012; Renvert et al., 2018). These discrepancies could be at-
tributed to different baseline defect characteristics, as well as the use 
of a resorbable collagen membrane by some studies. Nevertheless, 
a systematic review reported that the amount of radiographic bone 
fill ranges from 1.46 to 3.30 mm after 3 years of healing, without 
achieving complete defect resolution (Khoshkam et  al.,  2016). In 
accordance with these results, complete defect resolution was not 
achieved in any of the cases of this study. In the present study, most 
implants in the EB group coincidentally appeared to be placed sub-
crestally leading to statistically significant between-group difference 
in the SC. Following treatment however, the SC increased slightly 
(approximately 0.3 mm in both groups) indicating some crestal bone 
resorption, which was similar between the two groups. The SC is 
not frequently reported in studies evaluating the reconstructive 
treatment of peri-implant intrabony defects. Only one study that 
compared the reconstructive surgery of peri-implant defects with ti-
tanium granules to open flap debridement evaluated this parameter 
(Jepsen et al., 2016). Even though the mean values of the SC at base-
line were greater than the values reported here, the mean change 
(i.e., crestal resorption) between baseline and 12  months for the 
group that received reconstructive treatment with titanium granules 
was similar to ours (0.15 mm with a standard deviation of 1.07 mm) 
(Jepsen et al., 2016). Therefore, we believe that although the defect 
configuration was different between the two groups at baseline by 
coincident (due to randomization), this did not affect the changes in 
radiographic BL and IDD at 6 and 12 months after treatment.

With regard to the secondary outcome measures, both surgi-
cal treatment modalities resulted in improvements of the clinical 
conditions and there were no statistically significant differences 
between the two groups. At 12 months, the PPD was reduced by 
3.6 (1.7) mm in the group treated with BO and by 3.8 (1.4) mm in 
the group treated with EB. Similar reductions in PPD have been re-
ported by other studies that used xenografts to treat peri-implantitis 

(Aghazadeh et al., 2012; Matarasso et al., 2014; Renvert et al., 2018; 
Roccuzzo et al., 2017; Wiltfang et al., 2012). Nevertheless, if we had 
recruited patients with peri-implantitis presenting with PPD ≥ 6 mm 
according to the new classification workshop (Berglundh, Armitage, 
et al., 2018), we may have had different results in PPD reductions. 
However, the initial planning of this study was in 2013, which 
prompted us to use the older definition (Zitzmann & Berglundh, 2008). 
At baseline, all sites bled upon probing, and at 12 months post-treat-
ment, the proportion of implant sites with BoP was reduced by ap-
proximately 50% in both groups. These results are in accordance 
with other studies; a systematic review that evaluated the long-term 
outcomes of reconstructive procedures to treat peri-implantitis re-
ported a pooled weighted mean in the percentage of BoP reduction 
of 62.5% with a 95% CI of 25.2% to 89.2% (Khoshkam et al., 2016). 
Other clinical studies that evaluated the percentage of sites with 
BoP before and after reconstructive treatments with bovine xeno-
grafts reported a reduction in the proportion of sites with BoP in the 
range of 40%–60% (Aghazadeh et al., 2012; Roccuzzo et al., 2017; 
Schwarz et al., 2008). Furthermore, this study reported a reduction 
of approximately 80% in the proportion of sites with SoP in both 
groups. SoP is not frequently recorded; only few studies included 
it as an independent parameter using implants or implant sites as 
the unit of measurement, or reported it as part of a composite ther-
apeutic index (Renvert et al., 2018; Roccuzzo et al., 2017; Wiltfang 
et al., 2012). Our results are therefore comparable with the study 
by Aghazadeh et al. who evaluated the percentage of sites with SoP 
at baseline and at 1 year post-treatment and reported a mean value 
of 25% and 1.2%, respectively (Aghazadeh et al., 2012). We also re-
ported that less than 2% of sites still presented SoP at 1 year; how-
ever, at baseline we recorded SoP in more than 80% of sites.

The use of composite therapeutic endpoints including informa-
tion on radiographic bone levels, signs of peri-implant soft tissue 
inflammation, and PPD has been published in multiple reports (Heitz-
Mayfield et  al.,  2014; Jepsen et al., 2019; Sanz & Chapple,  2012; 
Tomasi, Regidor, Ortiz-Vigon, Regidor, Ortiz-Vigón, & Derks, 2019). 
In the present study, two different versions of the composite thera-
peutic index were assessed based on evidence of peri-implant tissue 
inflammation: (a) absolute absence of BoP and (b) allowing one site 
with evidence of BoP. No differences between the two groups were 
found regardless of the definition used. In the case of ≤1 site with 
BoP accepted, the success rate was 18% and 8% for the BO and EB 
groups, respectively. When absolute absence of BoP was the crite-
rion, successful treatment was found in only 18% of the individuals 
treated with BO and none of the individuals treated with EB. Other 
studies that used similar criteria reported success rates up to 60% 
(Aghazadeh et  al.,  2012; Jepsen et  al.,  2016; Renvert et  al.,  2018; 
Roccuzzo et al., 2017). However, the reported success rates of re-
constructive approaches in the literature range widely from as low 
as 14% up to 60% depending on the definition of the successful 
outcome, and possibly on the reconstructive approach used and the 
type of implant surface (Tomasi et al., 2019).

The low success rates reported here are associated with the fact 
that the treatment did not fully resolve the inflammation around the 
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dental implants. Although there was a 50% reduction in the percent-
age of sites with BoP compared to baseline, at 1 year approximately 
50% of sites still presented BoP. This could be attributed possibly to 
the fact that many implants, especially in the EB group, were placed 
too apically in relation to the CEJ of the adjacent teeth. It has been 
reported that implants placed too subcrestally are not only prone 
to greater peri-implant bone loss, but also to a greater magnitude of 
peri-implant inflammation with increased accumulation of neutro-
phils (Broggini et al., 2006; Gatti et al., 2018; Mailoa et al., 2015). 
Another factor that could have contributed to the lower success rate 
is related to the amount of keratinized tissue around the implants, 
which was not evaluated in this study. It has been reported that the 
lack of keratinized mucosa around implants impairs oral hygiene 
procedures, and eventually could lead to soft tissue damage, plaque 
accumulation, and bleeding (Monje, Insua, & Wang, 2019; Roccuzzo, 
Grasso, & Dalmasso, 2016). According to a recent consensus report, 
despite the lack of scientific evidence, the increase of non-mobile 
keratinized mucosa before peri-implant surgical approaches is rec-
ommended (Khoury et al., 2019).

An important limitation of the present study lies in the small 
sample size. Even though the primary objective was to recruit a total 
of 40 patients, the screening process had to be terminated prema-
turely due to the relocation of the clinical examiner (D.A.M.) and the 
surgeon (D.W.). The relatively short follow-up time is another possi-
ble drawback; after 12 months, we do not know if the radiographic 
and clinical parameters remain stable or not.

Although this study was not designed to evaluate the effect of im-
plant surface characteristics on the treatment outcome, this parameter 
cannot be ruled out (Albouy, Abrahamsson, Persson, & Berglundh, 2011). 
An experimental study in dogs that evaluated re-osseointegration after 
the treatment of peri-implantitis concluded that re-osseointegration 
took place in implants with rough (SLA) surfaces, but failed to occur 
in implants with smooth (turned) surfaces (Persson, Berglundh, Lindhe, 
& Sennerby, 2001). A clinical study in humans that compared the out-
come of a reconstructive approach between two different implant sur-
faces reported improved clinical and radiographic parameters, as well as 
higher implant survival rates after 7 years in SLA surfaces compared to 
TPS surfaces (Roccuzzo et al., 2017). On the other hand, Carcuac et al. 
reported that surgical therapy of peri-implantitis resulted in superior 
outcomes at implants with non-modified (turned) surfaces compared 
to implants with modified surfaces at 3 years (Carcuac et al., 2017). The 
present study included numerous implant types with different surface 
modifications (Table S1) and what is another limitation is that there was 
no control in the distribution of implant types and surfaces between the 
BO and EB group.

In the present study, a non-submerged healing mode was ap-
plied. Although no randomized controlled trials exist comparing 
submerged to non-submerged healing and favoring one versus the 
other, a case series of twelve patients reported favorable results in 
terms of radiographic defect reduction and reduced PPD using a sub-
merged healing approach (Roos-Jansaker et al., 2007). Nevertheless, 
these results should be interpreted with caution since no control 
group was included. Most recent studies evaluating reconstructive 

approaches in the treatment of peri-implantitis used a non-sub-
merged healing approach and did not report any adverse events 
in terms of healing (Aghazadeh et  al.,  2012; Jepsen et  al.,  2016; 
Matarasso et al., 2014; Renvert et al., 2018; Roccuzzo et al., 2017). 
Despite the lack of evidence to support one mode of healing versus 
the other, the submerged post-operative wound closure allows heal-
ing in a protective environment and when it is feasible, it is preferred 
over the non-submerged healing (Khoury et al., 2019).

Within the limitations of this pilot study, we demonstrated that 
there were no differences between BO and EB for the primary or 
secondary outcome measures. The treatment with bovine-derived 
xenografts resulted on average in radiographic defect reduction of 
approximately 3  mm and in PPD reduction of approximately 4  mm 
in both groups. Nevertheless, this study showed limited success in 
the resolution of inflammation. Future studies on the treatment of 
peri-implantitis should include histologic analysis to evaluate the heal-
ing of the peri-implant intra-osseous defect and to prove true re-osse-
ointegration of the diseased implant surface. Longer follow-up times 
are necessary to confirm the stability of the treatment outcomes.
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