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1  | INTRODUC TION

Peri‐implantitis is a plaque‐associated pathological condition occur‐
ring in tissues around dental implants, characterized by soft tissue in‐
flammation and bone loss (Schwarz, Derks, Monje, & Wang, 2018). Its 
prevalence has been evaluated in a number of reports representing 

different background populations. Thus, studies from Europe (Derks 
et al., 2016a; Marrone, Lasserre, Bercy, & Brecx, 2013; Mir‐Mari, 
Mir‐Orfila, Figueiredo, Valmaseda‐Castellón, & Gay‐Escoda, 2012), 
Asia (Rokn et al., 2017) and the Americas (Dalago, Schuldt Filho, 
Rodrigues, Renvert, & Bianchini, 2017; Daubert, Weinstein, Bordin, 
Leroux, & Flemming, 2015) have identified substantial subgroups 
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Abstract
Objective: The aim of the present study was to assess interventions and their con‐
sequences with regard to further bone loss at sites diagnosed with peri‐implantitis.
Materials and Methods: In 2017, records of 70 patients diagnosed with moderate/
severe	peri‐implantitis	at	≥1	implant	sites	4	years	earlier	were	obtained.	Changes	of	
marginal bone levels during the study period assessed on radiographs and predictors 
of disease progression were identified by Cox regression and mixed linear modelling. 
Patient files were analysed for professional interventions related to the treatment of 
peri‐implantitis.
Results: Mean bone loss (±SD) at implants diagnosed with moderate/severe peri‐im‐
plantitis was 1.1 ± 2.0 mm over the observation period of 3.3 years. While non‐surgi‐
cal measures including submucosal and/or supra‐mucosal cleaning of implants were 
provided to almost all patients, surgical treatment of peri‐implantitis was limited 
to a subgroup (17 subjects). Surgically treated implant sites demonstrated a mean 
bone loss of 1.4 ± 2.4 mm prior to surgical intervention, while only minor changes 
(0.2 ± 1.0 mm) occurred after therapy. Clinical parameters (bleeding/suppuration on 
probing and probing depth) assessed at diagnosis were statistically significant predic‐
tors of disease progression.
Conclusions: Non‐surgical procedures were insufficient to prevent further bone loss 
at implant sites affected by moderate/severe peri‐implantitis. Surgical treatment of 
peri‐implantitis markedly diminished the progression of bone loss. Clinical assess‐
ments of bleeding on probing and probing depth at diagnosis predicted further bone 
loss.
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of individuals suffering from the disease. Depending on the case 
definitions applied (Tomasi & Derks, 2012), prevalence rates of 
peri‐implantitis in these reports ranged from 10% to more than 
20%. Further, in a consensus report from the World Workshop on 
Periodontal and Peri‐implant diseases and Conditions, it was stated 
that the progression of peri‐implantitis is faster than that of peri‐
odontitis (Berglundh, Armitage, et al., 2018; Schwarz et al., 2018). 
The statement was mainly based on comparisons of retrospective 
evaluations in cohorts of patients provided with implants (Derks 
et al., 2016b; Fransson et al., 2010) with historical data from dentate 
cohorts (Papapanou & Wennström, 1990; Papapanou, Wennström, 
& Gröndahl, 1989; Schätzle et al., 2003).

Therapy provided to patients diagnosed with peri‐implantitis 
aims at resolving inflammation and preventing further loss of mar‐
ginal bone support, thereby preserving implants and prosthetic re‐
constructions. In this respect, non‐surgical treatment alone has been 
shown to be insufficient (Faggion, Listl, Frühauf, Chang, & Tu, 2014), 
while long‐term data on outcomes following surgical treatment of 
peri‐implantitis (Berglundh, Wennström, & Lindhe, 2018; Roccuzzo, 
Pittoni, Roccuzzo, Charrier, & Dalmasso, 2017; Schwarz, John, 
Schmucker, Sahm, & Becker, 2017) indicated only minor changes of 
marginal bone levels after treatment.

As part of a nation‐wide evaluation of implant therapy per‐
formed in Sweden, 596 subjects were screened for the presence of 
peri‐implant diseases in 2013. All patients had been provided with 
implant therapy 9 years earlier. Following peri‐implant probing and 
radiographic examination, a diagnosis was assigned to each implant 
site and patient (Derks et al., 2016a). In total, 98 patients were di‐
agnosed with moderate/severe peri‐implantitis (bleeding on probing 
and bone loss > 2 mm) at one or more implant sites. At the time, re‐
sponsible dentists were informed about the clinical and radiographic 
conditions. The aim of the present study was to assess interventions 
and their consequences with regard to further bone loss at the sites 
diagnosed with peri‐implantitis.

2  | MATERIAL S AND METHODS

The present longitudinal study with a retrospective analysis was 
approved by the regional Ethical Committee, Gothenburg, Sweden 
(Dnr T1109‐16), and STROBE guidelines were followed.

2.1 | Study subjects

In September 2017, patient records and radiographs from the time 
point of diagnosis (2013) and onwards were requested from the 
dental caregivers of all patients identified with moderate/severe 
peri‐implantitis (n = 98). Deceased patients (n = 16) were not consid‐
ered, and for 11 patients, respective dental clinics did not respond. 
One patient declined participation, resulting in a study sample of 
70 patients presenting with 338 implants at the examination in 
2013. The mean (±SD) overall number of implants per patient was 
4.8 ± 2.5, of which 0.8 ± 1.2 were diagnosed (in 2013) as healthy 

(absence of any bleeding on probing [BOP], Group A), 2.1 ± 2.1 with 
peri‐implant mucositis/mild peri‐implantitis (presence of BOP and 
bone	 loss	 ≤2	mm,	Group	B)	 and	1.9	 ±	 1.2	with	moderate/severe	
peri‐implantitis (presence of BOP and bone loss > 2 mm, Group C). 
Information on the original group of patients and the subsequently 
available patient file sample is provided in Table 1.

2.2 | Analysis of patient records

The mean follow‐up time documented in patient files was 
1,213 ± 559 days (3.3 years). All but 2 of the 70 patients (97.1%) 
attended a dental clinic at least once during this period. The mean 
number of radiographic examinations per implant was 2.4 ± 1.6. No 
radiographic examinations were performed for 49 of the 338 im‐
plants. For seven implants, the marginal bone levels were not read‐
able on the available radiographic images, resulting in 282 implants 
in	 63	 patients	with	 ≥1	 readable	 radiographs	 covering	 a	 follow‐up	
period of 1,302 ± 437 days.

Changes of peri‐implant marginal bone levels following the ex‐
amination in 2013 were assessed for all implants on radiographs 
obtained from the patient records. The known distance between 
threads or the length of the implant was used for calibration of 
the digital image (ImageJ 1.48a, Wayne Rasband, U.S. National 
Institutes of Health). The most apical bone level was recorded. All 
measurements were performed by one examiner (KK), and valid‐
ity was assessed by repeated assessments of 10 patients by two 
independent examiners (KK & JD). The intra‐ and interrater mea‐
surement error (mean) amounted to 0.4 ± 0.4 and 0.5 ± 0.6 mm, 
respectively.

Patient files were analysed for peri‐implantitis‐related events 
and interventions reported for the follow‐up period. Variables re‐
garding type of intervention (non‐surgical/surgical treatment/
systemic antibiotics/implant removal) and clinician category (den‐
tal hygienist/dentist in general practice/specialist dentist) were 
recorded.

Clinical Relevance
Scientific rationale for the study: The understanding of dis‐
ease progression of peri‐implantitis and influence of pro‐
fessional intervention is limited.
Principal findings: Non‐surgical procedures were insuffi‐
cient to prevent further bone loss at affected implant sites. 
Surgical treatment of peri‐implantitis markedly diminished 
the progression of bone loss. Clinical assessments of bleed‐
ing on probing and probing depth at diagnosis predicted 
disease progression.
Practical implications: Clinicians should be aware of the 
risk for further progression at implant sites diagnosed with 
moderate/severe peri‐implantitis. Surgical therapy should 
be considered.
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2.3 | Data analysis

Dental visits and the event implant loss were described as fre‐
quencies, while changes of marginal bone levels were expressed 
by mean values and frequencies on patient and implant level. For 
implants lost during follow‐up, the latest radiographic assessment 
of the marginal bone level prior to the event was considered. We 
used Cox regression to identify predictors of additional bone loss 
as defined by different thresholds (1.0 and 2.0 mm). Analyses were 
adjusted for periodontal status and smoking (SPSS 24.0, SPSS Inc.), 
and results were expressed as hazard ratios (HR) including 95% 

confidence intervals (CI). Predictive values and sensitivity/speci‐
ficity of clinical and diagnostic parameters recorded in 2013 for 
the outcome bone loss were calculated. Bone level changes dur‐
ing the observation period were predicted by mixed linear model‐
ling (Stata Statistical Software: Release 15, StataCorp LLC). The 
models included patient, implant and time (days) as levels. After 
building a basic model including periodontal status and smoking, 
we estimated the impact of the different diagnostic and clinical 
parameters on subsequent bone level changes. Finally, number 
and type of interventions were analysed in relation to additional 
bone loss.

TA B L E  1   Demographic and examination data for patients diagnosed with moderate/severe peri‐implantitis in 2013 (original group of 
patients and patient file sample)

 
Original group of patients diagnosed with moderate/ 
severe peri‐implantitis in 2013

Patient file sample (one row) 
patient files available from 
2013 to 2017 (new row)

Patients

Number, n 98 70

Age (2017) mean ± SD 68.1 ± 8.2 years 67.5 ± 8.4 years

Gender, n (%)

Female 48 (49.0) 33 (47.1)

Male 50 (51.0) 37 (52.9)

Periodontal status (2013) n (%)

Healthy 37 (37.8) 30 (42.9)

Periodontitis 36 (36.7) 26 (37.1)

Edentulous 25 (25.5) 14 (20.0)

Smoker (2013), n (%) 36 (36.7) 25 (35.7)

Diabetes (2013), n (%) 5 (5.1) 1 (1.4)

Implants

Number in situ, n 521 338

Categorization according to peri‐implant diagnosis (2013), n (%)

Group A 97 (18.6) 58 (17.2)

Group B 221 (42.4) 145 (42.9)

Group C 201 (38.6) 133 (39.3)

No diagnosis 2 (0.4) 2 (0.6)

Probing depth (2013)

Mean ± SD (deepest site of implant) 4.8 ± 2.1 mm 4.9 ± 2.0 mm

>6 mm, n (%) 95 (18.7) 66 (19.6)

Bleeding on probing (2013)

Positive	at	≥1/4	sites,	n (%) 422 (81.3) 278 (82.7)

Positive	at	≥3/4	sites,	n (%) 217 (41.8) 135 (40.2)

Suppuration on probing (2013)

Positive	at	≥1/4	sites,	n (%) 103 (20.2) 68 (20.9)

Bone level (2013)

Mean ± SD (deepest site of implant) 3.6 ± 2.1 mm 3.9 ± 2.1 mm

>6 mm, n (%) 68 (13.1) 43 (13.1)

Note:	Group	A:	absence	of	bleeding	on	probing	(BOP;	at	examination	2013).	Group	B:	presence	of	BOP	and	bone	loss	≤2	mm	(at	examination	2013).	
Group C: presence of BOP and bone loss >2 mm (at examination 2013).
Abbreviation: SD, standard deviation.
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3  | RESULTS

3.1 | Disease progression

Of the 338 implants in situ at the clinical examination in 2013, 12 
implants (3.6%) in nine patients (12.9%) were subsequently lost, 
varying in time from immediately after examination (May 2013) to 
4 years later (May 2017). All lost implants were diagnosed with mod‐
erate/severe peri‐implantitis (Group C).

The mean bone level change (±SD) observed between 2013 and 
the	latest	available	radiograph	was	−0.8	±	1.2	and	−0.7	±	1.5	mm	on	
the patient and the implant level, respectively. The proportion of 
patients and implants demonstrating bone loss of >1 mm during fol‐
low‐up was 67% and 28%, respectively. The mean bone loss accord‐
ing to diagnosis was 0.5 ± 0.9 mm (Group A), 0.5 ± 1.0 mm (Group B) 
and 1.1 ± 2.0 mm (Group C). For further details, see Table 2.

The diagnosis moderate/severe peri‐implantitis assigned in 
2013 (Group C) was a statistically significant predictor of subse‐
quent bone loss with HRs ranging from 1.9 to 6.1. Suppuration on 
probing was the strongest predictor of bone loss > 1 mm (HR 3.2), 
while bleeding on probing at 3–4 sites was the strongest predictor 
(HR 7.1) of advanced disease progression (bone loss > 2 mm). For 
further details, see Figure 1, Figure A1 and Table A1 in Appendix S1.

Positive predictive values of the 9‐year data for disease pro‐
gression during the subsequent follow‐up never exceeded 50%. In 
contrast, negative predictive values ranged from 65% to 95%. The 
highest sensitivity (77%) was noted for bleeding on probing and the 
outcome bone loss > 2 mm. The parameter with the highest specific‐
ity was bone level (89%; Table A2 in Appendix S1).

The linear mixed models confirmed implant group (A–C), bleed‐
ing on probing and probing depth as significant predictors of bone 
level changes (Figure A2 and Table A3 in Appendix S1). Suppuration 
on probing and bone level category, however, were not significantly 
associated with the outcome.

3.2 | Professional intervention

Of the 70 patients, 63 individuals were treated for peri‐implantitis. 
The mean number of peri‐implantitis‐related dental visits for the 63 
patients was 9.5 ± 5.4, evenly distributed among dental hygienists 
(4.8 ± 4.9) and dentists (4.8 ± 3.5). In all, eight patients saw a den‐
tal professional >15 times during the average follow‐up period of 
3.3 years. The majority of patients were treated exclusively in gen‐
eral practice (76%), while specialist care was provided to 24%.

While non‐surgical treatment was carried out in all 63 patients, 
surgical therapy was performed in 17 patients (Figure 2). Among the 
46 individuals provided with non‐surgical therapy alone, treatment 
included submucosal instrumentation in 15 patients, while it was 
limited to supra‐mucosal cleaning in 18 patients. For 13 individu‐
als, the level of non‐surgical instrumentation was not described. 
Treatment procedures are illustrated in Figure 2.

Surgical therapy of peri‐implantitis (42 implant sites in 17 pa‐
tients) was in the majority of cases performed in a specialist setting 

(77%). Debridement of implant surfaces during surgery was carried 
out using hand instruments (seven patients), titanium brushes (three 
patients), an ultrasonic device (one patient) or combinations thereof 
(six patients). Implantoplasty was performed in one case. Chemical 
agents were used for surface decontamination in 11 of the patients, 
and systemic antibiotics, as an adjunct to surgery, were prescribed in 
eight cases. In one of the 17 cases, a reconstructive technique using 
a bone filler material was applied.

Number and type of interventions were correlated with disease 
progression (Table 3). Surgical intervention was, as a mean, carried 
out 429 ± 407 days following diagnosis. During this period prior to 
surgery, sites demonstrated an average bone loss of 1.4 ± 2.4 mm, 
while only minor changes (mean bone loss: 0.2 ± 1.0 mm) occurred 
after the surgical interventions (mean follow‐up: 1,237 ± 440 days). 
For details, see Table 4.

4  | DISCUSSION

In the present study, interventions and their consequences with 
regard to further bone loss at sites diagnosed with peri‐implantitis 

TA B L E  2   Change of marginal bone levels from 2013 to 2017

Patients, n = 63

Mean ± SD −0.83	±	1.2	mm

≥1	implant	sites	with	bone	loss	>1	mm,	n (%) 42 (66.7%)

≥1	implant	sites	with	bone	loss	>2	mm,	n (%) 21 (33.3%)

Implants, n = 282

All, n = 282

Mean ± SD −0.74	±	1.5	mm

Bone loss >1 mm, n (%) 79 (28.0%)

Bone loss >2 mm, n (%) 34 (12.1%)

Group A, n = 48

Mean ± SD −0.46	±	0.9	mm

Bone loss >1 mm, n (%) 8 (16.7%)

Bone loss >2 mm, n (%) 1 (2.1%)

Group B, n = 121

Mean ± SD −0.53	±	1.0	mm

Bone loss >1 mm, n (%) 23 (19.0%)

Bone loss >2 mm, n (%) 11 (9.1%)

Group C, n = 112

Mean ± SD −1.09	±	2.0	mm

Bone loss >1 mm, n (%) 48 (42.9%)

Bone loss >2 mm, n (%) 22 (19.6%)

No diagnosis, n = 1  

Note: For implants: categorized according to peri‐implant diagnosis 
(2013). Group A: absence of bleeding on probing (BOP; at examination 
2013).	Group	B:	presence	of	BOP	and	bone	loss	≤2	mm	(at	examination	
2013). Group C: presence of BOP and bone loss >2 mm (at examination 
2013).
Abbreviation: SD, standard deviation.
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were evaluated. While non‐surgical measures including submu‐
cosal and/or supra‐mucosal cleaning of implants were provided 
to almost all patients, surgical treatment of peri‐implantitis was 
limited to a subgroup. Non‐surgical procedures were insufficient 
to arrest further bone loss at affected implant sites. Surgical 
therapy markedly diminished progression of peri‐implantitis. 
Analysis also revealed that clinical assessments of bleeding on 
probing and probing depth made at diagnosis predicted further 
bone loss.

Prospective studies evaluating disease progression in the ab‐
sence of adequate treatment procedures are, for ethical reasons, not 
justified. The analysis made in the present study, however, was per‐
formed retrospectively on data obtained from patient files and ra‐
diographs and, based on the patient selection, reflects routine dental 
care of patients diagnosed with peri‐implantitis. Shortcomings of the 
observational approach in the present study are illustrated by the 
heterogeneity of both timing and type of professional interventions 

provided to the patients. Nevertheless, the analysis of the data in‐
dicated that sites diagnosed with moderate/severe peri‐implantitis 
will exhibit continuous disease progression unless appropriate treat‐
ment strategies are provided. Observational studies describing bone 
level changes around implants, as in the current material, are scarce. 
Jemt, Sunden Pikner, and Gröndahl (2015) performed a retrospec‐
tive evaluation of bone level changes at implants previously identi‐
fied with bone loss and reported that 12% of the implants exhibited 
additional bone loss >1.8 mm over a 9‐year observation period. The 
analysis made in the present study, however, revealed that 20% of 
the affected implants showed additional bone loss >2 mm during a 
considerably shorter observation period. Differences in the patient 
samples and inclusion criteria of implants, for example initial bone 
loss, may explain the variation in bone loss over time between the 
study by Jemt et al. (2015) and the present investigation. It should 
also be noted that implant characteristics differed between the two 
study samples.

F I G U R E  1   Cox regression. Outcome: Bone loss by threshold (2013–2017). Adjusted for periodontal status and smoking. Hazard ratios 
and	95%	confidence	intervals.	Group	A:	absence	of	BOP;	Group	B:	presence	of	BOP	and	bone	loss	≤2	mm;	Group	C:	presence	of	BOP	and	
bone loss >2 mm (at examination 2013). For further detail, see Figure A1 and Table A1 in Appendix S1

F I G U R E  2   Type of peri‐implantitis therapy provided from 2013 to 2017
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Although the design of the present study was not ideal to study 
the effect of professional intervention, data obtained from patient 
files disclosed detailed information on non‐surgical treatment proce‐
dures. As the analysis revealed that non‐surgical therapy of moder‐
ate/severe peri‐implantitis was insufficient to arrest progression of 
the disease, the results are in accordance with outcomes presented 
in previous reports (Faggion et al., 2014). Among the 17 patients 
receiving surgical therapy as a supplement to the non‐surgical pro‐
cedures, assessment of bone level changes revealed that 1.4 mm of 
additional bone loss occurred between diagnosis and surgical ther‐
apy. However, bone loss in the period after surgical treatment was 
limited to 0.2 mm. The observed differences are even more com‐
pelling when considering that the follow‐up period after treatment 
was significantly longer than the observation period prior to sur‐
gery. These data indicate that sites demonstrating advanced forms 
of peri‐implantitis not only require surgical therapy but also that 
treatment should be carried out without delay to minimize the risk 
for further progression. The apparent long‐term benefit of surgical 
interventions observed in the present dataset is in line with results 
presented in observational and interventional studies on surgical 
therapy of peri‐implantitis (Berglundh, Wennström, & Lindhe, 2018; 
Carcuac et al., 2017; Roccuzzo et al., 2017; Schwarz et al., 2017).

The assessment of marginal bone levels within group C indi‐
cated an additional mean bone loss of about 1.1 mm. Although 
this mean value includes a large variation in bone loss, the rate 
is consistent with the annual bone loss observed for the preced‐
ing 9‐year period prior to diagnosis of peri‐implantitis (Derks et al., 
2016b). Thus, the data do not indicate that progression of disease 
following diagnosis occurred in an accelerating pattern, as was 
suggested in previous assessments of patterns of bone loss at sites 
with peri‐implantitis (Derks et al., 2016b; Fransson et al., 2010). It 
should be kept in mind, however, that 12 out of the 112 affected 
implants were lost during follow‐up, which may have affected 
mean bone level changes. In addition, assessment of the quality of 
supportive therapy during the observation period was not possible 
in the present dataset.

Taking the concept of bone loss in the present study sample a 
step further, the overall mean bone level change during the 3.3‐
year	period	for	all	implants	was	−0.7	mm,	indicating	an	annual	bone	
loss of about 0.2 mm. This finding differs from data presented 
in epidemiological studies on dentate populations regarding at‐
tachment loss around teeth. Schätzle et al. (2003) estimated the 
annual loss of periodontal support in a long‐term evaluation of a 
Norwegian cohort. Regardless of age, annual rates of mean clinical 

TA B L E  3   Number and type of interventions according to bone loss from 2013 to 2017 (patient level, n = 63)

 n (%)
Dental visits, 
mean ± SD

Number of non‐surgical 
interventions, mean ± SD

Surgical intervention, 
n (%)

Systemic antibi‐
otics, n (%)

Patients, n = 63

All 9.54 ± 5.4 4.94 ± 4.2 17 (27.0%) 8 (12.7%)

No implant site with 
bone loss >1 mm

21 (33.3%) 8.05 ± 3.7 (a) 3.86 ± 3.5 4 (19.0%) (a) 2 (9.5%)

≥1	implant	sites	with	
bone loss 1–2 mm

21 (33.3%) 7.86 ± 5.2 (a) 4.48 ± 4.2 3 (14.3%) (a) 1 (4.8%)

≥1	implant	sites	with	
bone loss >2 mm

21 (33.3%) 12.71 ± 5.8 (b) 6.48 ± 4.7 10 (47.6%) (b) 5 (23.8%)

p‐Value – 0.003a, a vs. b: <0.05 0.110a 0.031b, a vs. b: <0.05 0.155b

Abbreviation: SD, standard deviation.
aANOVA, Tukey HSD. 
bChi‐square, Bonferroni (adjusted z‐score). 

TA B L E  4   Surgical therapy and bone level changes from 2013 to 2017 (implant level, n = 282)

Surgically treated implants No surgical therapy

Diagnosis to surgery, 
mean: 429 ± 407 days, 
n = 42 implants

−1.40	±	2.40	mm Diagnosis to surgery, mean: 
215 ± 206 days, n = 30 
implants with radiographic 
documentation after 
surgical therapy

−0.46	±	0.78	mm Observation 
period, mean: 
1,308 ± 435 days, 
n = 240 implants

−0.55	±	1.06	mm

Following surgery, mean: 
1,237 ± 440 days, n = 30 
implants

−0.15	±	0.96	mm

Note: Of the 42 surgically treated implants: two implants lost and 10 implants without available radiographic documentation after surgery.
±: Standard deviation.
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attachment loss never exceeded 0.1 mm. Papapanou et al. (1989) 
evaluated alveolar bone loss over a period of 10 years on radio‐
graphs and noted annual changes ranging from 0.07 to 0.14 mm. 
In this context, the present findings support the concept that peri‐
implantitis progresses faster than periodontitis (Schwarz et al., 
2018).

The present study considered clinical and radiographic data as‐
sessed at the time of diagnosis. These baseline recordings provided 
the data set for analysis of predictors of disease progression. While 
positive predictive values for diagnostic and clinical parameters did 
not exceed 50%, negative predictive values were as high as 90%. 
This finding is in agreement with results presented by Carcuac et al. 
(2017), who followed patients for 3 years after surgical treatment of 
peri‐implantitis. Sites not demonstrating bleeding on probing at year 
1 were likely to present with stable peri‐implant marginal bone lev‐
els over the subsequent two years. The present observations made 
at implant sites are also in line with data presented for teeth. Thus, 
Lang, Adler, Joss, and Nyman (1990); Lang, Joss, Orsanic, Gusberti, 
and Siegrist (1986) found a low positive predictive value for bleeding 
on probing in regard to attachment loss but demonstrated a high 
negative predictive value. Further, our data are also in line with find‐
ings described by Matuliene et al. (2008), who observed that prob‐
ing depths >5 mm at teeth were indicative of future progression of 
periodontitis.

In conclusion, non‐surgical procedures were insufficient to pre‐
vent further bone loss at affected implant sites. Surgical treatment 
of peri‐implantitis markedly diminished the progression of bone loss. 
Clinical assessments of bleeding on probing and probing depth at 
diagnosis predicted further bone loss.
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