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Prevalence of Peri-Implant Diseases in a Private Practice 
and Potential Risk Indicators 
Codruta Elena Ciurescu / Lorena Dima / Anca Gheorghiu / Vlad Alexandru Ciurescu /  Dana Gabriela Festila / 

Marius Alexandru Moga / Stefan Vesa / Raluca Cosgarea 

Purpose: The purpose of this study was to evaluate t he occurrence of peri-implant diseases and their potential risk indica-
tors in a private practice setting. 

Materials and Methods: This cross-sectional study evaluated data from 390 subjects (mean age 55.8 ± 11.6 years) with 
implant-supported prosthetic reconstructions, who were enrolled in a maintenance program for 6.25 ± 3.36 years. Clinical 
evaluation included peri-implant probing pocket depth (PPD), bleeding on probing (BOP) and full-mouth plaque scores 
(FMPS). Radiographic evaluation was performed using retro-alveolar radiographs for each implant. Further, smoking habits, 
history of periodontitis, or tooth loss due to periodontal disease, presence/absence of keratinized mucosa ≥ 2 mm and the 
quality of the prosthetic restoration were also assessed. The prevalence of the peri-implant disease (at the subject/implant 
level) was determined and various potential risk indicators were evaluated by multi-level logistic regression analysis. 

Results: The p revalence of peri-implant diseases was 37.7% and 23.3% at the subject and implant level, respectively. 14.3% 
of the subjects were diagnosed with peri-implant mucositis and 8.9% were diagnosed with advanced peri-implantitis (PI). PI 
wa s statistically significantly associated with poor (FMPS > 0.45, p < 0.001) or moderate oral hygiene (FMPS: 0.3–0.45, 
p < 0.001), a history of periodontitis (p < 0.001), lack of keratinized tissue ≥2 mm (p < 0.001) or implant function time > 5 years 
(p < 0.001). 

Concl usion: In a private practice setting, a prevalence of peri-implant diseases of 37.7%/ 23.3% (subject/implant level) was 
found. Poor oral hygiene, history of periodontitis, a keratinized mucosa < 2 mm and a time in function ≥ 5 years have been 
associated with the occurrence of peri-implant diseases.
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Today, dental implants are employed globally to restore 

edentulous dental arches. High long-term survival rates of 

dental implants have been reported in several studies: 98.8%,2 

97.96%,8 96.9%,11 95.1%,12 and 95%,18 making this treatment 

option a very attractive alternative to conventional prosthetic 

options for replacing missing teeth. With dental implants, pa-

tients’ quality of life can be improved significantly by restor-

ation of function, esthetics and phonetics. However, despite 
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the reported high survival rates of implants, an increasing 

number of patients is experiencing peri-implant diseases. 

High survival rates have been reported both for systemi-

cally healthy (cumulative survival rates of 83.8% after 25 years, 

96.1% after 10 years) as well as for medically compromised pa-

tients (cumulative survival rate after 20 years 90.8%).11 After 

20 years in function, an implant survival rate of 93% in perio-

dontally treated or periodontally healthy subjects has been 

documented.32 Despite the high survival rates, implant failures 

may still occur.12,17,26 In the last decade, evidence on the pres-

ence of peri-implant diseases affecting both soft and hard tis-

sues that may eventually lead to implant loss has substantially 

increased. These are seen as biological complications related 

to inflammatory conditions of the surrounding soft tissues and 

bone, which are induced by bacterial biofilm and are distin-

guished as peri-implant mucositis and peri-implantitis.7,10,21 

Consequently, it seems essential to determine not only the im-

pact of peri-implant diseases upon the survival rates, but also 

to assess their risk factors/indicators in order to prevent the 

occurrence of these diseases as much as possible.

When first described in 1987 by Mombelli et al,27 peri-im-

plantitis (PI) was considered an infectious disease with many 

similarities to periodontitis. Based on several clinical symp-

toms and etiological factors that have been described since 

then, a plethora of definitions have arisen in the past decades. 

PI was mainly defined as an inflammatory reaction of the peri-

implant mucosa with marginal bone loss, while peri-implant 

mucositis involved only soft-tissues inflammation with no 

clearly defined values for the amount of tissue loss.25,19 Dis-

crepancies in case definitions resulted in a wide variation in 

the reported prevalence values for peri-implant diseases.4,41 

The lack of clear clinical parameters in these definitions has 

led to difficulties in setting treatment guidelines. Based on 

clear definitions for incidence (the number of new cases of a 

specific disease occurring during a certain period) and preva-

lence (the number of cases of a disease in existence at a certain 

time point),20 longitudinal studies have been proposed for de-

termining the incidence, but cross-sectional studies for the 

prevalence of peri-implant diseases.19 

Fortunately, in November 2017 at the World Workshop on 

Periodontolgy (WWP), the European Federation of Periodon-

tology (EFP) and the American Academy of Periodontology 

(AAP) set clear definitions with clinical cut-off points for peri-

implant diseases both for the day-to-day clinical practice as 

well as for epidemiological studies.40 Moreover, in 2020, simi-

lar to the periodontal risk assessment,23 an assessment tool 

for the risk of developing peri-implant diseases has been pro-

posed based on eight risk vectors: assessment of history of 

periodontitis, percentage of sites with bleeding on probing 

(BOP), periodontitis susceptibility (based on the current clas-

sification of periodontal and peri-implant diseases),3,43 fre-

quency/compliance with supportive periodontal therapy, 

number of teeth/implants with probing pocket depths (PPD), 

ratio of bone loss to age, distance from the restorative margin 

of the implant prosthetic reconstruction to the marginal bone 

crest, and prosthetics-related factors.14 Some of these factors, 

including insufficient periodontal treatment as well as un-

timely diagnosis and management of mucositis or non-com-

pliance with supportive peri-implant care, are well-docu-

mented risk factors. However, there is poor evidence for 

improper implant position/wrong implant placement, incor-

rect prosthetic suprastructures, poor postoperative care and 

missing assessment and appropriate treatment of soft-tissue 

defects as risk factors.6,33,39 In light of their bacterial etiology, 

documented risk factors, and the aggressive, uncontrollable 

nature of peri-implant diseases, thorough routine clinical as-

sessment including regular probing and accurate radiographic 

assessment are strongly recommended for correct diagnosis 

of peri-implant diseases.1,6,28,30,37 An early diagnosis, preven-

tive measures, and adherence to individually tailored peri-im-

plant support play a major role in the prevention and manage-

ment of peri-implant diseases.1,30

Considering the various prevalence data on peri-implant 

diseases, the aim of the current study was to evaluate the oc-

currence of peri-implant diseases (i.e., peri-implant mucositis 

and peri-implantitis) in a private dental setting based on the 

current classification. Additionally, we analysed the presence 

of the major risk factors for peri-implant diseases, as defined 

by the IDRA tool.

MATERIALS AND METHODS

This was a cross-sectional study that evaluated patient data 

with implant-supported fixed restorations from a private den-

tal clinic (Krondent; Brasov, Romania). The study obtained the 

approval of the local Ethics Committee of the Transylvania Uni-

versity of Brasov, no. 30/06) and all patients signed an in-

formed consent to participate in the study before it began.

Inclusion and Exclusion Criteria
All included patients had been enrolled in a maintenance pro-

gram at the private dental clinic for at least one year from the 

finalisation of the implant prosthetic restoration. 

General medical history as well as smoking habits (smok-

ing ≥ 10 cigarettes/day), history of tooth loss caused by peri-

odontal disease, and history of periodontitis were recorded. 

Considering that smoking ≥ 10 cigarettes/day modifies the grade 

for periodontitis,29,43 the present study considered only those 

smoking ≥ 10 cigarettes/day as smokers. Information on history 

of periodontitis was extracted from the patients’ records, since 

all patients had been patients at the clinic. Medical history  in-

cluding diseases and medication with an impact on the perio-

dontium – e.g., diabetes, stress, obesity or depression – were 

recorded.

Excluded from the study were patients aged < 18 years, 

those with an implant time in function < 12 months, those who 

had taken antibiotics in the previous 3 months, had a pros-

thetic restoration with impaired access for clinical measure-

ments, or were unwilling to participate in the study.

Case Definitions
Peri-implant mucositis and PI were defined according to the 

World Workshop on Classification of Periodontal and Peri-im-

plant Diseases and Conditions 2017, Chicago.15,40 Peri-implant 

mucositis was diagnos ed considering presence of local signs 
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of inflammation around the implant (redness, swelling, bleed-

ing on local probing or suppuration on probing) and absence 

of peri-implant bone loss as assessed on retroalveolar radio-

graphs taken at baseline (6–12 months after function of the 

prosthetic suprastructure).

PI was diagnosed considering presence of peri-implant 

signs of inflammation (bleeding or suppuration on probing), 

radiographic evidence of peri-implant bone loss after the ini-

tial (post-prosthetic) bone remodeling period and increased 

PPD compared to the values obtained after prosthetic recon-

struction. When initial examination data were not present, 

3 mm peri-implant bone loss from the implant shoulder, PPD 

≥ 6 mm and bleeding on probing (BOP) were considered as 

parameters for diagnosis. 

Assessment of Clinical and Radiographical Parameters
All measurements were performed by a previously calibrated 

examiner (AG). PPD and BOP were measured to the nearest 

millimeter at 6 sites (mesio-buccal, buccal, disto-buccal, me-

sio-oral, oral, disto-oral) at teeth and implants using a mm-

scaled periodontal probe (PCPUNC Probe 15 mm, Hu Friedy; 

Chicago, IL, USA). Care was taken to keep the probe vertical as 

much as possible. BOP was dichotomously (1: bleeding, 0: no 

bleeding) noted at each probing site 15 s after retracting the 

probe. Full-mouth plaque scores (FMPS) were assessed using 

Approximal Plaque Index score.24

The amount of peri-implant keratinized tissue was measured 

to the nearest millimeter using a mm-scaled periodontal probe 

and sites were scored as following: 1: keratinized tissue ≥ 2 mm; 

0: keratinized tissue < 2 mm at least on one side of the implant.

Bone loss was assessed on retroalveolar radiographs at the 

mesial and distal aspect of each implant. Bone loss was meas-

ured from the most apical implant-bone level contact to the 

implant shoulder. Intraoral radiographs were taken using film 

holders to ensure paralleling technique and reduce distortion 

of the image. The radiographs were analysed using ClinicView 

Software (Instrumentarium Dental Imaging Software; Milwau-

kee, WI, USA), which provides measurement tools that are cali-

brated to the size of the radiograph.

Additionally, the quality of the prosthetic restoration was 

assessed clinically and radiographically and coded as follows: 

code 1: 2-mm distance from the implant shoulder to the restor-

ation margins and optimal abutment-restoration fit; code 0: 

the previously mentioned criteria were not met so the restor-

ation was considered “ill-fitting”.

Potential risk indicators were considered history of peri-

odontitis, poor plaque control and lack of adherence to the 

maintenance program (good adherence: 1–2 visits per year). 

Factors possibly influencing the host response were also re-

corded: genetic factors, smoking habits, diabetes, stress, obe-

sity, and depression. The consumption of antibiotics and other 

medications were also considered. Additionally, data regard-

ing implant insertion and loading protocols, as well as the his-

tory of periodontal treatment, were recorded.

Statistical Analysis
Statistical analysis was performed using MedCalc Statistical 

Software version 20 (MedCalc Software; Ostend, Belgium; 

https://www.medcalc.org). Quantitative variables were tested 

for normality of distribution using the Shapiro-Wilk test and 

were expressed as median and 25–75 percentiles. Qualitative 

variables were characterised by frequency and percentage. 

Comparisons between groups regarding the quantitative vari-

ables were performed using the Mann-Whitney test. Compari-

sons between groups regarding the qualitative variables were 

performed using the chi-squared test. Variables that achieved 

statistical significance in the univariate analysis, were intro-

duced in a multivariate logistic regression. A p-value < 0.05 was 

considered statistically significant.

In order to assess the impact of the risk indicators on the 

occurrence of peri-implant diseases, multilevel logistic regres-

sion models were applied. 

Table 1 Demographic data 

Patient level Values

Patients (N) 390

Gender distribution
male (N/%)
female (N/%)

187/47.94%
203 /52.05%

Patients’ age (years): median  
(25th; 75th percentiles) 53 (45;62)

Smoking status
Smokers (n)
Nonsmokers (n)

99/25.4%
291/74.6%

Levels of oral hygiene in patients, n/% 
good <30%
moderate 30–45%
poor ≥45%

157/40.3%
167/42.8%
66 /16.9%

Systemic medical diseases (n/%)
with
without 

40/10.3%
350/89.7%

History of periodontitis (n/% patients)
with periodontitis
without periodontitis

69/17.7%
321/82.3% 

Implant level

Implants (n) 1639

Implants/patient (n): median  
(25th; 75th percentiles) 3 (2; 6)

Implants with peri-implant diseases (n/%) 382 /23.3%

Mucositis (n/%)
Peri-implantitis (n/%)

236 (14.3%)
146 (8.9%)

Implants ≤ 5 years in function (n): median 
(25th; 75th percentiles) 3 (2;5)

Implants > 5 years in function (n): median  
(25th; 75th percentiles) 4 (2;7)

Implant time in function (years): median 
(25th; 75th percentiles) 3 (2;6)

Keratinized tissue (n/% implants) 
<2 mm 
≥2mm

48/12.3%
342/87.7%

Implant distribution (n/%)
Maxillary lateral area
Mandibular lateral area
Maxillary anterior area
Mandibular anterior area

705/43%
669/41%
175/10%

90/6%
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others had been explanted for the following reasons after a 

function time ≥ 5 years: 6 implants due to wrong implant pos-

ition, 2 implants due to implant/screw fracture, 2 implants 

were explanted with unknown indication by other colleagues.

Of the patients who were diagnosed with peri-implant dis-

eases, good hygiene parameters were recorded only in 18 pa-

tients (12.2%), whereas good oral hygiene was observed in 

57.2% of the patients with healthy implants. Vice versa, poor 

oral hygiene was statistically significantly more observed in 

patients with peri-implant diseases (40.8% vs 2.5%). 

The univariate logistic regression analysis used to deter-

mine independent association between the occurrence of 

peri-implant diseases and various parameters indicated a sta-

tistically significant relation to the number of implants per pa-

tient, time in function, history of periodontitis, oral hygiene, 

smoking ≥ 10 cigarettes/day, medical history, inadequate pros-

thetic restoration and keratinized tissue width (Table 2).

When considering all the previously determined, statistically 

significant associations from Table 2, the multivariate regression 

analysis confirmed that a history of periodontitis, a time in func-

tion ≥ 5 years, poor oral hygiene and a keratinized tissue width 

< 2 mm has a statistically significant impact on the occurrence of 

peri-implant diseases (Table 3). The strongest statistically sig-

nificant risk associations seem to be poor oral hygiene (OR 

67.884, CI [22.28; 206.827]), followed by history of periodontitis 

(OR 14.825, CI [5.790; 37.961]) and a narrow width of keratinized 

tissue (< 2 mm) with an OR of 13.914 (CI [4.965; 38.995], Table 3). 

Smoking ≥ 10 cigarettes a day, inadequate prosthetic re-

construction or medical history did not seem to have any sta-

RESULTS

The demographic data of the study group are presented in Table 1.

441 subjects who have been enrolled in a maintenance pro-

gram in a private dental clinic (Krondent, Brasov, Romania) 

were screened to be included in the present study. Of these, 390 

agreed and were finally considered for the analysis. The follow-

ing reasons for exclusion were: two subjects refused to sign the 

consent, 24 subjects had prosthetic restorations with a time in 

function <12 months, 18 had taken antibiotics in the previous 

3 months (n = 18), three subjects had an inadequate prosthetic 

restoration that impaired taking proper clinical measurements. 

Thus, 390 patients (median age: 53 years [range 45 to 

62 years]; female patients: n = 203 /52.05%; smokers: n = 99/ 

25.4%)30 with 1639 implants (nonlinear value distribution, me-

dian number/patient: 3 [2;6]) were included in the study. The 

majority of the patients were systemically healthy (89.7%) with 

only 10.3% stating systemic diseases, including diabetes, de-

pression, obesity or high blood pressure. Similarly, most pa-

tients had no history of treated periodontitis (82.3%) and only a 

low percentage of patients showed a poor oral hygiene (16.9%) 

(Table 1). Implants were mostly located in the lateral area (43% 

in the maxilla, 41% in the mandible) and only 16% were lo-

cated in the frontal area (10% maxilla, 6% mandible).

Peri-implant diseases occurred in 23.3% of the implants, of 

which 14.3% were diagnosed with peri-implant mucositis and 

8.9% PI. Eleven implants in nine subjects were lost in the fol-

low-up after loading. Of these, one implant in one subject had 

been lost within the first 12 months after loading, whereas the 

Table 2 Prevalence of peri-implant infections and associations with risk factors (logistic regression analysis)

Variables Healthy implants  Peri-implant diseases OR (CI 95%)  p-value

N of Implants 
median (25th; 75th percentiles) 3 (2; 5) 4 (2; 7) – <0.001

Implant time in function (years)
median (25th; 75th percentiles) 5 (3; 8) 8 (5; 10) – <0.001

Gender distribution (N/%)
male
female

111 (45.7%)
132 (54.3%)

76 (51.7%)
71 (48.3%)

0.78 (0.52–1.18)
0.2

Patient age (y) (median (25th; 75th percentiles) 52 (44; 61) 55 (46; 63) – 0.06

History of periodontitis (N/%) 10 (4.1%) 59 (40.1%) 15.6 (7.62–31.8) <0.001

Oral hygiene (API) good <30% 139 (57.2%) 18 (12.2%) – <0.001

moderate 30–45% 98 (40.3%) 69 (46.9%)

poor ≥45% 6 (2.5%) 60 (40.8%)

Smoking 41 (16.9%) 58 (39.5%) 3.21 (2–5.14) <0.001

Subjects with systemic medical diseases (N/%) 228 (93.8%) 122 (83%) 0.32 (0.16–0.63) 0.001

Prosthetic 
restorations *

correct 219 (90.1%) 116 (78.9%) 0.41 (0.23–0.73) 0.003

incorrect 24 (9.9%) 31 (21.1%)

Keratinized tissue
≥ 2mm
< 2mm 

236 (97.1%)
7 (2.9%)

106 (72.1%)
41 (27.9%)

0.07 (0.03–0.17)
<0.001

API: proximal plaque index after Lange. *Status of the implant prosthetic restoration: correct restoration (N)/ incorrect restoration (<1.56 mm distance from abutment to 

implant shoulder, no proximal space for cleaning, improper marginal closure)
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tistically significant impact on the occurrence of peri-implant 

diseases (Table 3).

Table 4 shows the distribution of peri-implant diseases at 

the patient- and implant-level, based on the time in function 

(< 5 years and ≥ 5 years). 10% of the subjects were diagnosed 

with both peri-implant mucositis as well as PI, of which the 

majority had implants ≥5 years in function. A similar pattern 

was observed when analysing the patients with implants diag-

nosed only with mucositis or PI: a higher number of subjects/

implants showed peri-implant diseases when the implants 

were in function for ≥ 5. 

DISCUSSION

Our study addressed the prevalence of peri-implant diseases 

in a private practice setting. Additionally, some potential risk 

indicators and their association with peri-implant diseases 

were assessed. Data from 390 patients, all treated and enrolled 

in a maintenance program at the same practitioner (CC) from a 

private dental clinic were considered for the study analyses. 

Our findings show that 23.3% of the implants and 37.7% of 

the patients were diagnosed with peri-implant diseases. At the 

implant level, PI was present in 8.9% implants and peri-im-

plant mucositis in 14.3%. Additionally, the number of im-

plants/patient, time in function, history of periodontitis, oral 

hygiene, smoking ≥10 cigarettes/day, medical history, inade-

quate prosthetic restoration and keratinized tissue width were 

statistically significantly associated with the occurrence of 

peri-implant diseases. 

These results are comparable to those reported in other 

studies and systematic reviews. In 2012, Mombelli et al26 re-

ported a prevalence of 10% at the implant level and 20% at the 

patient level 5–10 years after implant placement. Daubert  et 

al7 reported a 48% prevalence for peri-implant mucositis (95% 

CI: 39–59) at the patient level, and 26% for PI (95% CI: 18–37). 

After a  mean follow-up of 10 years, 33% of implants were diag-

nosed with peri-implant mucositis (95% CI: 26–43) and 16% 

with PI (95% CI: 11–23). Higher numbers were reported by 

Derks and Tomasi,10 who found PI in 22% of the patients (95% 

CI: 14–30) and peri-implant mucositis in 43% (95% CI:19–65). 

Kordbacheh Changi et al21 evaluated the prevalence, incidence 

and possible risk factors in 2018 based on an electronic data-

base from dental schools. PI occurred in 34% of the patients 

and 21% of the implants, with implants being in function over 

2 years.21 According to another review, the prevalence of PI 

ranges between 0% and 40%.11 From a private practice, Roc-

cuzzo et al35 reported an occurrence of 67.9% for peri-implant 

mucositis and 10.6% for peri-implantitis after 10 years. After 

20 years, the prevalence for mucositis decreased to 47.5%, 

whereas that of peri-implantitis increased 3-fold to 33.3%.35 

The difficulties in comparing the results were due to the broad 

case definition and heterogeneous thresholds used for defin-

ing for peri-implant bone loss. 

As previously stated in other publications,5,11,38 the preva-

lence of peri-implant diseases varies greatly among the clinical 

studies described in the literature due to the various case defi-

nitions of the peri-implant infections and study design, but 

also due to the different methods of reporting.

Risk Factors
As mentioned in the recently published peri-implantitis guide-

lines, peri-implant biofilm accumulation is recognised as the 

primary etiological factor.16 Additionally, a history of peri-

odontitis, poor plaque control, and irregular supportive peri-

implant care (SPIC) were recognised as important risk factors/

indicators.34,39 Another recent study reported a survival rate of 

93% after 20 years in function in periodontally compromised 

and healthy patients.32 Statistically significantly more perio-

dontally compromised patients experienced suppuration and 

biological complications that required cumulative interceptive 

supportive therapy over this period.32

Smoking, diabetes, presence of submucosal cement, im-

plant position with limited access for oral hygiene and mainte-

nance were unclear in their role as risk factors for peri-implant 

diseases. Moreover, the EFP proposed further risk factors in-

cluding absence of peri-implant keratinized mucosa, occlusal 

overload, bone compression necrosis, overheating during im-

plant insertion, micromotion, biocorrosion or presence of ti-

tanium particles within the peri-implant tissues.16 Conse-

Table 3 Multivariate analysis for the presence of peri-implant inflammatory diseases

B-value p-value OR (95% CI)

History of periodontitis (N) 2.696 <0.001 14.825 (5.790; 37.961)

Implants with ≥ 5 years in function ( N) 1.328 <0.001 3.774 (1.967; 7.242)

Systemic medical diseases -.543 0.2 0.581 (0.220; 1.531)

Good oral hygiene 0–30% <0.001 –

Moderate oral hygiene 30–45% 1.653 <0.001 5.224 (2.538; 10.753)

Poor oral hygiene >45% 4.218 <0.001 67.884 (22.281; 206.827)

Correct implant prosthetic reconstruction -0.181 0.6 0.835 (0.349; 1.999)

Smoking subject (1) 0.148 0.6 1.160 (0.573; 2.349)

Keratinized tissue < 2 mm 2.633 <0.001 13.914 (4.965; 38.995)
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quently, the present study analysed the association between 

the occurrence of peri-implant diseases and a history of peri-

odontitis, full-mouth oral hygiene, smoking, systemic medical 

diseases, quality of the prosthetic reconstruction, gender, and 

width of the peri-implant keratinized mucosa. In the univariate 

regression analysis, a history of periodontitis showed the high-

est risk for peri-implant diseases with an OR of 15.6 (7.62–31.8) 

followed by smoking with an OR of 3.21 (2–5.14). The other in-

vestigated risk indicators showed only a slightly statistically 

significant association. Moreover, in the multivariate analysis, 

poor oral hygiene had the highest impact on the occurrence of 

peri-implant diseases (OR: 67.8; CI: 22.28–206.82). A history of 

periodontitis and the presence of peri-implant keratinized tis-

sue width < 2 mm were also statistically significantly associ-

ated with peri-implant diseases (OR: 14; CI: 5.7–37.96 and 

13.91; CI: 4.96–38.99). Additional stastisticall significant risk in-

dicators were implant time in function ≥5 years and moderate 

oral hygiene. Interestingly, smoking over 10 cigarettes/day lost 

its statistical significance in the multivariate analysis (p = 0.6) 

(Table 3). It is important to emphasise that the present results 

confirm the recognised and proposed risk factors/indicators of 

the EFP.16 The evaluated risk-factors in our analysis are also 

recognised predictive vectors for risk assessment for develop-

ing peri-implantitis (Implant Disease Risk Assessment, IDRA).14 

The present results corroborate those of other studies. 

Based on a multivariate logistic regression analysis, Kordbacheh 

Changi et al21 reported a statistically significant association 

between occurrence of PI, the fit of fixed prosthesis (OR = 5.9%, 

CI: 1.6-21-1), a cement–retained prosthesis (OR +3.6, CI: 2.1–

9.5) and a history of periodontitis (OR = 3.6, CI:1.7–7.6). In the 

present multivariate analysis, the highest association was re-

lated to poor oral hygiene (OR 67.5) followed by a history of 

periodontitis and lack of keratinized tissue (Table 3). The sta-

tistically significant correlation between peri-implant diseases 

and poor oral hygiene has also been reported by other authors, 

confirming our results.4,20,40 The results from our multivariate 

analysis indicating a statistically significant association be-

tween the history of periodontitis and peri-implant diseases 

(14.825 OR [95%, CI 5.79% to 37.96%]) are comparable not only 

to those of Kordbacheh Changi et al,21 but also to other re-

ported values in the literature.9,13 

Despite the fact that the IDRA-tool considered prosthetic fac-

tors as one of the 8 risk vectors for peri-implant diseases and 

that other authors (e.g., Kordbacheh Changi et al21) highlighted 

poorly designed prosthesis reconstructions and cemented pros-

theses as major risk factors,18 the present analysis failed to show 

a statistically significant association between prosthetic recon-

structions and occurrence of peri-implant diseases (OR = 0.835 

[95% CI 34.9% to 19.99%], p = 0.6). This may be related to meth-

odological aspects between the studies. An important advan-

tage of the present study was the fact that all prosthetic restor-

ations were performed by two experienced prosthodontists in 

cooperation with one single dental laboratory, thus limiting the 

number of operators, whereas in other studies, a larger number 

of dentists with various degrees of prosthetic experience and 

dental technicians completed the prosthetic rehabilitation.

The third highest statistically significant impact was the lack 

of keratinized tissue with an OR 13.914 (95% CI 4.96–38.99%).29,36 

 These results are also supported by other authors. For instance, 

Kungsadalpipob et al22 found a higher incidence of peri-im-

plantitis at implants without keratinized mucosa (25%) vs 

those with keratinized mucosa (6.8%). Moreover, implants 

without keratinized tissue were associated with plaque accu-

mulation, recession, an interproximal bone level loss above 

3 mm, and peri-implantitis (p < 0.05). Rinke et al31 concluded 

that the presence of keratinized mucosa around implants was 

associated with a lower risk of  peri-implantitis (OR 0.05 95%CI 

0.01–0.25, p < 0.001). Smoking was also found to pose a statis-

tically significant risk for developing peri-implantitis (OR 5.89, 

95%CI 1.27–24.58, p = 0.0231). Additionally, when looking at 

subjects with implants ≥5 years in function (n = 169 implants), 

the same authors reported mucositis in 52% and PI in18% of 

the patients.

Interestingly, our multi-variate analysis revealed no statis-

tically significant association between smoking and the oc-

currence of peri-implant diseases (Table 3). This may be re-

lated to the fact that we considered smokers as only those 

smoking ≥ 10 cigarettes/day, based on the fact that smoking 

≥ 10 cigarettes/day is recognised as a grade modifier for peri-

odontitis.43 In the literature, data related to smoking and oc-

currence of peri-implant diseases are contradictory. Some 

authors report a statistically significant association,24 whereas 

other studies are inconclusive.25 Mo  reover, the implant dis-

ease risk assessment tool did not include smoking as a vector 

for peri-implantitis risk.14

Contrary to data reported by other authors who empha-

sised a strong association between peri-implant diseases and 

uncontrolled diabetes or cardiovascular diseases,42,44 the pre-

sent multivariate analysis found no statistically significant as-

sociation between systemic diseases and peri-implant dis-

eases (OR = 0.581, p > 0.05). 

A limitation of the present study may be the fact that we 

considered only subjects who smoked ≥ 10 cigarettes/day to 

be smokers. This may have influenced the outcomes related to 

this risk indicator. Nonetheless, since smoking a higher num-

ber of cigarettes/day did not show any statistically significant 

association to peri-implant diseases, it is unlikely that a lower 

number of cigarettes/day might have indicated a positive asso-

ciation. A further limitation may be that we analysed the influ-

ence of all systemic diseases with no clear separation between 

disease groups, which could possibly possible explain our ina-

bility to show any statistically significant association between 

systemic diseases (e.g., diabetes, cardiovascular diseases) and 

peri-implant diseases as other authors did.

However, a strength of the present study is the fact that all 

included patients were patients of the same, single private den-

tal clinic and all records related to their periodontal diagnoses, 

periodontal treatment and compliance with the maintenance 

periodontal therapy were available for analysis. A further ad-

vantage is the limited number (n = 2) of prosthodontists and 

having only one dental laboratory that performed the pros-

thetic rehabilitation, limiting thus the risk of bias for this factor. 

Further prospective clinical trials are needed to clearly de-

fine the risk factors for developing peri-implant diseases using 

the current definitions for peri-implant diseases as indicated 

by EFP.
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CONCLUSION 

The present findings report a prevalence of peri-implant dis-

eases (both on the subject and implant level) from a private 

practice setting comparable to data reported in the literature. 

Poor oral hygiene, a history of periodontitis, keratinized mu-

cosa < 2 mm and a time in function ≥ 5 years have been associ-

ated with the occurrence of peri-implant diseases. 
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