
ABSTRACT

Purpose: Peri-implant mucositis (PIM) and peri-implantitis (PI) are multicausal conditions 
with several risk factors contributing to their pathogenesis. In this study, we retrospectively 
investigated risk variables potentially associated with these peri-implant diseases (PIDs) over 
a follow-up period of 1 to 18 years.
Methods: The study sample consisted of 379 implants placed in 155 patients. Single-visit 
clinical and radiographic evaluations were employed to determine the presence or absence 
of PIDs. Parameters related to the patient, site, surgery, implant, and prosthetic restoration 
were documented. The relationships between risk variables and the occurrence of PIDs 
were individually examined and adjusted for confounders using multivariate binary logistic 
regression models.
Results: The prevalence rates of PIM and PI were 28.4% and 36.8% at the patient level and 
33.5% and 24.5% at the implant level, respectively. Poor oral hygiene, active gingivitis/
periodontitis, preoperative alveolar ridge deficiency, early or delayed implant placement, 
implant length of 11.0 mm or less, and poor restoration quality were strong and independent 
risk indicators for both PIDs. Furthermore, a follow-up period of more than 5 years and a 
loading time of more than 4 years were important indicators for PI. Simultaneously, age and 
smoking status acted as modifiers of the effect of mesiodistal (MD) and buccolingual (BL) 
widths of restoration on PI.
Conclusions: In this study population, oral hygiene, periodontal status, preoperative 
alveolar ridge status, implant placement protocol, implant length, and the quality of coronal 
restoration appear to be robust risk indicators for both PIM and PI. Additionally, the length of 
follow-up and functional loading time are robust indicators of PI. Furthermore, the potential 
modifying relationships of age and smoking status with the MD and BL widths of restoration 
may be crucial for the development of PI.
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INTRODUCTION

Biological complications associated with dental implants, such as peri-implant mucositis 
(PIM) and peri-implantitis (PI), are inflammatory conditions affecting the soft tissues and/
or bone surrounding these restorative devices, caused by the presence of bacteria and their 
byproducts [1]. PIM is characterized as an inflammatory condition limited to the peri-
implant soft tissues without evidence of supporting bone breakdown following initial bone 
remodeling during the healing process, while PI involves both soft tissue inflammation 
and progressive supporting bone loss beyond normal biological osseous remodeling 
[2]. Although peri-implant diseases (PIDs) arise from an imbalance between bacterial 
populations and the host’s immunological response in the subgingival environment [3], 
they can be influenced by various risk factors, including demographic, behavioral, and 
environmental as well as local and systemic factors [2,4,5].

Epidemiological studies have reported a broad range of prevalence rates for PIDs in various 
populations. Global patient-level frequency estimates range from 19.0% to 82.1% for PIM [6-
10] and from 1.0% to 47.1% for PI [7,8,10,11]. At the implant level, prevalence rates have been 
estimated to be between 29.4% and 85.3% for PIM and between 9.2% and 22.7% for PI [2,8-
13]. The wide variation in rates across studies may reflect not only inconsistent definitions of 
diagnostic criteria [12], but also methodological issues regarding factors such as study design, 
number of cases, study populations, implant types, follow-up periods, and statistical concerns.

Many studies investigating the etiology of PID have been inconclusive, as they have 
only considered the influence of individual variables without examining their combined 
effects. To enhance the understanding of this subject and improve clinical and therapeutic 
approaches, numerous studies have assessed multiple variables potentially associated with 
PID [2,8,10,11,14-16]; however, the results have varied. Recognizing that a comprehensive 
evaluation of various risk indicators is necessary for understanding the onset of PID, this 
study was conducted to retrospectively identify patient-, site-, surgery-, implant-, and 
prosthetic restoration-related variables that may be strongly associated with PID over a 
follow-up period of 1 to 18 years.

MATERIALS AND METHODS

Ethical statement and study design
This retrospective follow-up study adhered to the ethical standards of the Helsinki 
Declaration. Ethical approval was obtained from the Research Ethics Committees of the 
Faculty of Dentistry (approval No. 34-2019) and the University Health Care Provider (approval 
No. 143-2020) at the University of Antioquia. The manuscript was prepared in accordance 
with the Strengthening the Reporting of Observational Studies in Epidemiology statement 
guidelines for cohort, case-control, and cross-sectional studies (https://www.strobe-
statement.org).

Sample selection
Based on a reported prevalence of 21% for PI at the implant level [11], a sample size 
calculation using an online calculator (https://www.calculator.net/sample-size-calculator.
html) indicated that a minimum of 255 implants would be necessary to determine significant 
differences between the results with 95% confidence and an alpha error of 0.05. However, 
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a larger number of cases were recruited to maintain an optimal level of precision. Eligible 
patients were those aged 18 years or older who had implants placed at crestal or subcrestal 
levels, with implant-supported restorations in function for at least 1 year. Exclusion criteria 
included pregnancy; implant-supported removable partial dentures or overdentures, 
supracrestal implant placement, or unrestored implants; a history of radiation therapy in the 
head/neck region; and incomplete clinical records.

Patient-related data collection
Patients who met the inclusion criteria were contacted and invited to participate in the study. 
Upon understanding the research objectives, all volunteers agreed to sign the consent form 
and were enrolled for a single-visit clinical and radiographic follow-up examination. The 
collected patient data included sex, age, smoking status, and alcohol consumption (current 
consumers/short-term abstainers [individuals currently consuming and those who had quit 
less than 5 years prior to the follow-up examination] vs. non-consumers/long-term abstainers 
[patients who had never smoked or consumed alcohol and those who had stopped more than 
5 years before the examination]) [17,18], systemic condition (healthy patients vs. those with 
systemic involvement), history of periodontitis (yes vs. no), and compliance with supportive 
maintenance (regular compliance, with at least 2 regular visits per year vs. erratic/non-
compliance, with 1 or no visits per year) [14].

Preoperative, intraoperative, and postoperative data acquisition
Preoperative site-related variables, gathered from clinical records, included implant location 
(anterior vs. posterior), jaw type (maxillary vs. mandibular), presence or absence of adjacent 
teeth, preoperative alveolar ridge status (adequate [thick tissue biotype with normal horizontal 
and vertical dimensions] vs. deficient [with localized horizontal, vertical, or combined 
defects]) [19], and minimum keratinized tissue width. Surgery-related variables encompassed 
information about prior or concomitant soft/hard tissue augmentation procedures (membrane 
barriers, bone grafts, or combined techniques vs. no augmentation procedures), intraoperative 
complications (yes [cortical bone perforation, implant instability, and/or bone dehiscence] 
vs. no), and implant placement protocol (immediate [type 1] vs. early/delayed [types 2, 3, 
and 4]) [20]. Implant-related variables consisted of implant type (conical vs. cylindrical), 
implant surface (treated vs. non-treated), collar surface (smooth vs. rough), loading time point 
(immediate [within 3 days after implant placement] vs. late [at least 2 months after secondary 
stability was confirmed by applying manual force to the implant]), as well as implant 
length and diameter. Variables related to prosthetic restoration involved the type of coronal 
restoration (definitive vs. temporary restoration), restoration method (bridge-fixed prosthesis 
vs. individual crown), connection type (internal vs. external), and crown retention mechanism 
(screw-retained vs. cement- or screw-cement-retained).

Clinical and radiographic follow-up examination
The follow-up examination was independently conducted by 2 experienced periodontists 
(A.M. O-E. and C. G-G), who were calibrated for clinical measurements by a single “gold-
standard” clinical researcher (M.C. C-G.) prior to the study until they achieved intraclass 
correlation coefficient and kappa values of ≥0.9. The clinical records included the length of 
the follow-up period, functional loading time, and occlusal contact relationship, as well as 
an evaluation of the quality and the greater mesiodistal (MD) and buccolingual (BL) widths 
of the coronal restoration. The occlusal contact relationship was determined using 0.025 
mm-thick articulating paper (Accu-film; Parkell, Farmingdale, NJ, USA) and categorized as 
adequate (absence of premature contacts in centric occlusion), supra-occlusion (when the 
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highest position of the restoration exceeded the occlusal level), or infra-occlusion (when 
the restoration had not reached occlusion). Satisfactory restoration conditions included an 
adequate emergence profile with respect to over-contour and overhanging [21], no marginal 
discrepancy, proper proximal contacts, and no history of crown decementation. The MD 
and BL widths of the restorations were measured using a Boley gauge caliper (Salvin Dental, 
Charlotte, NC, USA) with a precision of 0.1 mm.

The oral hygiene status was evaluated and classified as either poor or good/acceptable, 
considering the presence of soft/hard plaque and food debris around the teeth, dental 
implants, and soft tissues. Following this, a comprehensive periodontal assessment was 
performed using a conventional periodontal probe (PCP UNC 15; Hu-Friedy, Chicago, IL, 
USA) to determine the current periodontal status, which was categorized as either healthy 
or gingivitis/periodontitis. Healthy individuals exhibited: 1) fewer than 10% of sites with 
bleeding on probing (BOP) at a probing depth (PD) of 3 mm or less, and 2) absence of 
gingival redness/edema, even with reduced clinical attachment and bone levels. Gingivitis 
was identified by the presence of 10% or more BOP sites with PD of 3 mm or less [22]. 
Periodontitis was defined by the presence of: 1) interdental clinical attachment loss (CAL) 
detectable in at least 2 non-adjacent teeth, and 2) buccal or lingual CAL of 3 mm or more with 
PD greater than 3 mm detectable in at least 2 teeth [23].

The peri-implant clinical parameters assessed included the presence or absence of redness, 
swelling, and/or suppuration. BOP was also documented at 6 sites (distobuccal, mid-
buccal, mesiobuccal, distolingual, mid-lingual, and mesiolingual), with the number of sites 
exhibiting bleeding recorded as either absent/1 site of bleeding or ≥2 points of bleeding [14]. 
Peri-implant PD measurements, defined as the distance from the base of the peri-implant 
sulcus or pocket to the mucosal margin, were obtained at the same 6 sites per implant using 
a calibrated implant probe (PCVUNC12PT; Hu-Friedy). These measurements were rounded to 
the nearest millimeter, and only the highest value was considered for analysis.

Each implant was further examined using digital periapical radiographs, which were obtained 
with an X-ray unit (Elity 70; Fiad International, Envigado, Colombia) and a long-cone 
paralleling technique (Rinn; XCP Instruments, Elgin, IL, USA) fitted to a digital intraoral 
sensor (EZ Sensor P EX 1.5; Vatech, Fort Lee, NJ, USA). The interproximal radiographic bone 
loss (IRBL) was assessed at the mesial and distal aspects of the implants [15] and was defined 
as the distance between the implant platform and the most coronal point of bone-implant 
contact [5]. These measurements were then used to calculate the maximum percentage of 
IRBL in relation to implant length, as well as the IRBL/age ratio [24].

Case definitions
Peri-implant diagnosis was made based on clinical findings in conjunction with the IRBL 
[16]. The cases were categorized into 3 groups according to previously published definitions 
[1,14,25]: 1) healthy implants (Figure 1), which included peri-implant sites with no bleeding 
or BOP at only 1 site, no suppuration, PD ≤5 mm, and IRBL <2.0 mm; 2) PIM (Figure 2), which 
comprised peri-implant sites with overt bleeding at a minimum of 2 sites or tissue edema, 
redness, or shininess of the soft tissue surface with either minimal isolated or no suppuration, 
as well as PD ≤5 mm and/or IRBL ≤2 mm; and 3) PI (Figure 3), which consisted of peri-implant 
sites with BOP, redness, swelling, suppuration, PD ≥6 mm and/or IRBL ≥3 mm.
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Statistical methods
Data were analyzed using standard statistical software (SPSS v.27.0; IBM Corp., Armonk, NY, 
USA). The prevalence rates for PIM and PI at both patient and implant levels were estimated 
based on the percentage of cases detected at various time intervals (1 to ≤5 years, >5 years, 
and total). If a patient had both healthy and diseased peri-implant conditions simultaneously, 
the implant with the poorest diagnosis was used for the patient-level analyses. Bivariate 
analyses were conducted to identify differences related to explanatory variables and to detect 
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A B

C D

Figure 1. Representative photographs of a healthy implant placed in the region of a missing maxillary right first 
premolar. After 5 years of follow-up, a well-adapted, cement-retained, porcelain-fused-to-metal crown with no 
signs of peri-implant inflammation, no bleeding on probing, and probing depths of less than 5 mm in in both 
the buccal (A, B) and palatal surrounding mucosa (C) could be observed. A digital periapical radiograph of the 
implant site (D) shows the presence of a conical-type implant with an internal abutment connection and no signs 
of peri-implant bone loss.

A B

Figure 2. Representative photographs of a single-unit implant-supported maxillary right lateral incisor 
restoration exhibiting peri-implant mucositis. (A) Presentation of the restoration and its surrounding peri-implant 
mucosa during clinical exploration. After 4 years of follow-up, no suppuration was observed, and probing depths 
of 3 to 5 mm persisted on all surfaces. However, overt bleeding at 2 sites and mild tissue edema were apparent. 
(B) A periapical radiograph shows a conical-type implant with an internal abutment connection and no evidence 
of alveolar bone loss.
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potential indicators associated with disease statuses. The distribution mode of quantitative 
variables was analyzed using the Kolmogorov-Smirnov test. Since the data were normally 
distributed, they were analyzed using parametric 1-way analysis of variance (ANOVA) along 
with Games-Howell post hoc multiple comparison tests. The Pearson χ2 and Fisher exact tests 
were applied for categorical variables when appropriate. Univariate and multivariate binary 
logistic regression analyses were performed to confirm the association of potential indicators 
with each disease category while adjusting for confounding variables with P values ≤0.20 
identified in the bivariate comparisons. For this purpose, all continuous data included in the 
models were dichotomized according to the optimal cut-off points obtained from receiver 
operating characteristic curve analysis. Positive associations were considered present when 
the odds ratio (OR) was greater than 1 and the 95% confidence interval (CI) was ≥1.0 for any 
of the constructs. The significance level was set at P<0.05.

RESULTS

Epidemiological and clinical profile of the study sample
A total of 155 patients received 379 implants between August 2003 and September 2021, 
meeting the inclusion criteria and undergoing clinical and radiographic follow-up 
assessments. Table 1 presents the prevalence rates observed at various follow-up periods for 
implant health, PIM, and PI at patient and implant levels. Overall, 54 patients (34.8%) and 
159 implants (42.0%) were categorized as healthy within a period from 1 to 18 years (mean, 
5.16±3.09 years); 44 patients (28.4%) and 127 implants (33.5%) were considered to have PIM 
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Figure 3. Representative photographs of peri-implantitis around a dental implant placed in the maxillary right 
lateral incisor position. (A) Clinical photograph displaying horizontal ridge deficiency and violaceous peri-implant 
tissues. (B) Digital periapical radiograph revealing a crater-shaped bone defect surrounding a conical-type 
implant with an internal abutment connection. (C) During surgical exploration to treat the affected implant, the 
untreated implant and collar surfaces supporting a single-unit restoration were exposed, showing an over-
contoured emergence profile and marginal discrepancies.



within a follow-up period from 1 to 17 years (mean, 5.35±3.89 years); and 57 patients (36.8%) 
and 93 implants (24.5%) were classified as having PI within a follow-up period from 1.5 to 18 
years (mean, 7.82±4.62).

In accordance with the case definitions, all examined clinical and radiographic parameters 
demonstrated significant between-group differences (Table 2; P<0.05, χ2 or 1-way ANOVA 
tests). Healthy peri-implant sites exhibited no swelling or redness, while PIM and PI sites 
displayed a significantly higher proportion of points with suppuration and BOP, which were 
significantly more frequent in PI cases. The mean values of PD, IRBL, percentage of IRBL, 
and IRBL/age ratio were significantly greater for PI sites compared to the other 2 groups 
(P<0.01, 1-way ANOVA/Games-Howell post hoc multiple-comparison tests). In contrast, 
no significant differences in these peri-implant health/disease status measurements were 
observed between healthy and PIM sites (P>0.05).

Bivariate comparisons between variables assessed at the patient level with reference to 
diagnostic category are summarized in Table 3. This table shows that patients diagnosed 
with PIM and PI had a significantly higher frequency of poor oral hygiene and gingivitis/
periodontitis (P<0.05, χ2 post hoc pairwise-comparison tests) than healthy patients. In 
contrast, no significant differences (P>0.05, χ2 and 1-way ANOVA tests) were found between 
diagnostic categories regarding sex, age, smoking status, alcohol consumption, systemic 
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Table 1. Prevalence of implant health, peri-implant mucositis, and peri-implantitis at the patient and implant levels as determined by combined clinical and 
radiographic findings, according to the follow-up period
Follow-up period Patient levela) Implant levelb)

Implant health Peri-implant mucositis Peri-implantitis Implant health Peri-implant mucositis Peri-implantitis
1 to ≤5 years 31 (36.0) 29 (33.7) 26 (30.2) 88 (46.3) 70 (36.8) 32 (16.8)
>5 years 23 (33.3) 15 (21.7) 31 (44.9) 71 (37.6) 57 (30.2) 61 (32.3)
Total 54 (34.8) 44 (28.4) 57 (36.8) 159 (42.0) 127 (33.5) 93 (24.5)
Values are presented as number (%).
a)Data based on the number of patients within each follow-up period by diagnostic category. b)Data based on the number of implants within each follow-up 
period by diagnostic category.

Table 2. Summary of clinical and radiographic findings from the study sample at the implant level by diagnostic category
Peri-implant parameters Diagnostic category Significancea)

Healthy implant sites 
(n=159)

Peri-implant mucositis sites 
(n=127)

Peri-implantitis sites 
(n=93)

χ2 value F test value P value

Gingival swellingb) 177.529 - <0.001c)

Absent 159 (100.0) 42 (33.1) 29 (31.2)
Present - 85 (66.9)e) 64 (68.8)e)

Rednessb) 206.979 - <0.001c)

Absent 159 (100.0) 31 (24.4) 26 (28.0)
Present - 96 (75.6)e) 67 (72.0)e)

Suppurationb) 39.994 - <0.001c)

Absent 159 (100.0) 119 (93.7) 73 (78.5)
Present - 8 (6.3)e) 20 (21.5)e)f)

Bleeding on probingb) 179.715 - <0.001c)

Absent/1 site 159 (100.0) 51 (40.2) 22 (23.7)
≥2 sites - 76 (59.8)e) 71 (76.3)e)f)

Maximum PD (mm) 3.28±0.83 3.50±0.93 5.86±1.61e)f) - 179.531 <0.001d)

Maximum IRBL (mm) 1.35±0.70 1.37±0.73 3.53±1.61e)f) - 160.651 <0.001d)

Maximum percentage of IRBL 11.95±6.98 13.57±7.93 35.20±19.40e)f) - 133.747 <0.001d)

IRBL/age ratio 0.21±0.14 0.23±0.15 0.57±0.33e)f) - 105.633 <0.001d)

Values are presented as mean ± standard deviation or number (%).
PD: probing depth, IRBL: interproximal radiographic bone loss, df: degrees of freedom.
a)All df values = 2. b)Data based on the number of implants within each parameter by diagnostic category. c)Two-sided Pearson χ2 test. d)One-way analysis of 
variance. e)Statistically significant difference (P<0.05; χ2, Fisher exact, or Games-Howell post hoc comparison tests) compared with the healthy implant group.  
f)Statistically significant difference (P<0.05, χ2 or Games-Howell post hoc comparison tests) compared with the peri-implant mucositis group.
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condition, history of periodontitis, or supportive maintenance. However, both age and 
smoking status had a confounding influence on the results (P<0.20, χ2 and 1-way ANOVA 
tests). Regarding systemic condition, although no significant differences were observed 
between the study groups, it was notable that healthy controls had higher proportions of 
diabetes mellitus (2 of 22 cases, 9.1%), allergic and autoimmune diseases (2 of 22 cases, 
9.1%), and chemotherapy for cancer (2 of 22 cases, 9.1%). In contrast, the presence of 
multiple systemic conditions, including the simultaneous occurrence of cardiovascular 
disease, thyroid diseases, diabetes, rheumatoid arthritis, and/or bone metabolism diseases, 
was more frequently detected in patients with PIM (5 of 23 cases, 21.7%). Similarly, patients 
with PI had a higher proportion of cardiovascular diseases (15 of 31 cases, 48.4%), thyroid 
diseases (5 of 31 cases, 16.1%), and bone metabolism diseases (3 of 31 cases, 9.7%).

Results of implant-level analyses
Between-group comparisons regarding site-, surgery-, implant-, and prosthetic restoration-
related variables in relation to diagnostic categories at the implant level are presented in 
Tables 4 and 5. Table 4 clearly shows that implant sites diagnosed with PIM and PI had a 
significantly higher frequency (P<0.05, χ2 test) of horizontal, vertical, or combined alveolar 
ridge defects, as well as a higher number of cases that underwent an early/delayed implant 
placement protocol relative to healthy implant sites. In terms of implant- and prosthetic 
restoration-related variables (Table 5), the length of follow-up, functional loading time, and 
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Table 3. Comparison of patient-related characteristics by diagnostic category
Patient-related parameters Diagnostic category Significancea)

Healthy patients 
(n=54)

Peri-implant mucositis 
patients (n=44)

Peri-implantitis 
patients (n=57)

χ2 value F test value P value

Sexb) 2.957 - 0.228d)

Male 20 (37.0) 18 (40.9) 30 (52.6)
Female 34 (63.0) 26 (59.1) 27 (47.4)

Age (yr) 58.31±13.28 63.27±7.91 60.67±11.57 - 2.322 0.102e)

Smoking statusb) 4.216 - 0.122d)

Current consumer/short-term abstainer 8 (14.8) 13 (29.5) 17 (29.8)
Non-consumer/long-term abstainer 46 (85.2) 31 (70.5) 40 (70.2)

Alcohol consumptionb) 2.028 - 0.363d)

Current consumer/short-term abstainer 10 (18.5) 12 (27.3) 17 (29.8)
Non-consumer/long-term abstainer 44 (81.5) 32 (72.7) 40 (70.2)

Systemic conditionb) 2.324 - 0.313d)

Healthy 32 (59.3) 21 (47.7) 26 (45.6)
Systemic involvementc) 22 (40.7) 23 (52.3) 31 (54.4)

History of periodontitisb) 0.088 - 0.957d)

Yes 27 (50.0) 23 (52.3) 30 (52.6)
No 27 (50.0) 21 (47.7) 27 (47.4)

Supportive maintenanceb) 0.058 - 0.972d)

Regular complier 21 (38.9) 17 (38.6) 21 (36.8)
Erratic/non-complier 33 (61.1) 27 (61.4) 33 (66.2)

Oral hygiene statusb) 13.932 - 0.001d)

Good/acceptable 35 (64.8) 14 (31.8) 20 (35.1)
Poor 19 (35.2) 30 (68.2)f) 37 (64.9)f)

Current periodontal statusb) 18.294 - <0.001d)

Periodontal health 28 (51.9) 6 (13.6) 14 (24.6)
Gingivitis/periodontitis 26 (48.1) 38 (86.4)f) 43 (75.4)f)

Values are presented as mean ± standard deviation or number (%).
df: degrees of freedom.
a)All df values = 2. b)Data based on the number of patients within each parameter by diagnostic category. c)Including patients with diagnosis of bone metabolism 
disease (n=7), diabetes (n=5), allergic and autoimmune disease (n=5), cardiovascular disease (n=33), thyroid disease (n=11), cancer chemotherapy (n=3), 
and multiple systemic conditions (n=12). d)Two-sided Pearson χ2 test. e)One-way analysis of variance. f)Statistically significant difference (P<0.05, χ2 post hoc 
comparison tests) compared with the healthy implant group.



MD/BL widths of coronal restoration were significantly associated with the proportion of PI 
sites (P<0.05, 1-way ANOVA/Games-Howell post hoc multiple-comparison tests). Additionally, 
implant length and the quality of coronal restoration had significant relationships (P<0.05, 
1-way ANOVA/Games-Howell post hoc multiple-comparison and χ2 tests) with both PIM and 
PI. However, no significant differences (P>0.05, χ2 and 1-way ANOVA tests) were observed 
between the study groups regarding implant type, collar surface, time point of loading, 
implant diameter, type of coronal restoration, method of coronal restoration, connection 
type, mechanism of crown retention, or occlusal contact relationship.

Results of univariate and multivariate logistic regression models
Data derived from regression models for estimating the risk of PIM and PI before and 
after adjusting for age stratum and smoking status are provided in Tables 6 and 7. For all 
comparisons, the optimal age cut-off point was estimated at 61.5 years. As seen in Table 6, 
the OR of PIM was significantly increased (P<0.01, Wald test) in cases with poor oral hygiene, 
active gingivitis/periodontitis, alveolar ridge deficiency, early/delayed implant placement, 
implant length ≤11.0 mm, and poor quality of coronal restoration. After adjusting for 
confounders, all of these candidate risk variables remained strongly associated with PIM 
status (P<0.01). It was also striking that although the OR of PI was significantly increased 
for the first 6 covariates (Table 7), a follow-up period >5.0 years, functional loading time 
>4.0 years, MD width of coronal restoration >8.0 mm, and BL width of coronal restoration 
>7.0 mm were also positively associated with an increased risk of the disease (P<0.05). 

Variables contributing to peri-implant diseases

https://doi.org/10.5051/jpis.2300140007https://jpis.org 169

Table 4. Bivariate comparisons of site- and surgery-related variables by diagnostic category
Site- and surgical-related parametersa) Diagnostic category Significancea)

Healthy implant 
sites (n=159)

Peri-implant mucositis 
sites (n=127)

Peri-implantitis 
sites (n=93)

χ2 value F test value P value

Site-related variables
Location of implantb) 0.279 - 0.870g)

Anterior 56 (35.2) 41 (32.3) 32 (34.4)
Posterior 103 (54.8) 86 (67.7) 61 (65.5)

Type of jawb) 2.214 - 0.331g)

Maxillary 93 (58.5) 83 (65.4) 62 (66.7)
Mandibular 66 (41.5) 44 (34.6) 31 (33.3)

Adjacent teethb) 1.963 - 0.375g)

Present 119 (74.8) 90 (70.9) 62 (66.7)
Absent 40 (25.2) 37 (29.1) 31 (33.3)

Preoperative alveolar ridge statusb) 22.769 - <0.001g)

Adequate (with thick tissue biotype) 91 (57.2) 43 (33.9) 29 (31.2)
Deficient (with horizontal, vertical, or combined defects)c) 68 (42.2) 84 (66.1)h) 64 (68.8)h)

Minimum keratinized tissue width (mm) 2.90±1.34 2.69±1.49 2.59±1.66 - 1.493 0.226i)

Surgery-related variables
Tissue augmentation proceduresb) 1.752 - 0.416g)

Membrane barriers, bone grafts, or combined techniquesd) 84 (52.8) 60 (47.2) 52 (55.9)
No augmentation procedures 75 (47.2) 67 (52.8) 41 (44.1)

Intraoperative complicationsb) 2.983 - 0.225g)

Yese) 10 (6.3) 5 (3.9) 9 (9.7)
No 149 (93.7) 122 (96.1) 84 (90.3)

Implant placement protocolb) 18.130 - <0.001g)

Immediate 53 (33.3) 17 (13.4) 16 (17.2)
Early/delayedf) 106 (66.7) 110 (86.6)h) 77 (82.8)h)

Values are presented as mean ± standard deviation or number (%).
df: degrees of freedom.
a)All df values = 2. b)Data based on the number of implants within each parameter by diagnostic category. c)Including horizontal ridge defects (n=96), vertical ridge 
defects (n=26), and combined ridge defects (n=94). d)Including membrane barriers (n=6), bone grafts (n=10), and combination of membrane barriers/grafting 
(n=180). e)Including cortical bone perforation (n=9), implant instability (n=8), and bone dehiscence (n=7). f)Including type 2 (after 4-8 weeks of soft tissue healing, 
n=30), type 3 (after 12-16 weeks of partial bone healing, n=29), and type 4 (after complete bone healing of at least 6 months, n=234). g)Two-sided Pearson χ2 test. 
h)Statistically significant difference (P<0.05, χ2 post hoc comparison tests) compared with the healthy implant group. i)One-way analysis of variance.
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However, after adjustment, a confounding effect could be identified for the MD/BL widths of 
coronal restoration, as the associations did not reach a statistically significant level (P>0.05). 
In contrast, we observed no confounding of the associations of poor oral hygiene, active 
gingivitis/periodontitis, alveolar ridge deficiency, early/delayed implant placement protocol, 
implant length ≤11.0 mm, follow-up period >5.0 years, functional loading time >4.0 years, 
or the poor quality of coronal restoration, as all of these covariates remained strongly and 
independently associated (P<0.05) with PI when adjusted for confounders.

DISCUSSION

Given the importance of understanding the prevalence of PIDs and potential risk indicators for 
their prevention [2], this study was conducted to evaluate and compare various risk variables 
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Table 5. Bivariate comparisons of implant- and prosthetic restoration-related variables by diagnostic category
Implant- and prosthetic restoration-related 
parameters

Diagnostic category Significancea)

Healthy implant 
sites (n=159)

Peri-implant mucositis 
sites (n=127)

Peri-implantitis 
sites (n=93)

χ2 value F test value P value

Implant-related variables
Implant typeb) 0.035 - 0.983c)

Conical 141 (88.7) 113 (89.0) 82 (88.2)
Cylindrical 18 (11.3) 14 (11.0) 11 (11.8)

Collar surfaceb) 2.364 - 0.307c)

Rough 130 (81.8) 112 (88.2) 77 (82.8)
Smooth 29 (18.2) 15 (11.8) 16 (17.2)

Time point of loadingb) 1.133 - 0.568c)

Immediate 7 (4.4) 8 (6.3) 7 (7.5)
Late 152 (95.6) 119 (93.7) 86 (92.5)

Implant length (mm) 11.14±1.35 10.59±1.42e) 10.34±1.79e) - 9.720 <0.001d)

Implant diameter (mm) 3.97±0.44 4.01±0.46 4.06±0.48 - 0.947 0.389d)

Length of follow-up (years) 5.16±3.09 5.35±3.89 7.82±4.62e)f) - 16.438 0.002d)

Functional loading time (years) 4.48±3.12 4.67±3.86 7.14±4.71e)f) - 16.217 <0.001d)

Prosthetic restoration-related variables
Type of coronal restorationb) 3.020 - 0.221c)

Definitive 137 (86.2) 103 (81.1) 83 (89.2)
Temporary 22 (13.8) 24 (18.9) 10 (10.8)

Method of coronal restorationb) 2.354 - 0.308c)

Bridge-fixed prosthesis 50 (31.4) 50 (39.4) 36 (38.7)
Individual crown 109 (68.6) 77 (60.6) 57 (61.3)

Connection typeb) 1.901 - 0.386c)

Internal 150 (94.3) 120 (94.5) 84 (90.3)
External 9 (5.7) 7 (5.5) 9 (9.7)

Mechanism of crown retentionb) 2.584 - 0.275c)

Screw-retained 38 (23.9) 28 (22.0) 29 (31.2)
Cement- or screw/cement-retained 121 (76.1) 99 (78.0) 64 (68.8)

Occlusal contact relationshipb) 1.969 - 0.374c)

Adequate 133 (83.6) 98 (77.2) 76 (81.7)
Infra-occlusion 26 (16.4) 29 (22.8) 17 (18.3)

Quality of coronal restorationb) 12.286 - 0.002c)

Satisfactory 142 (89.3) 95 (74.8) 70 (75.3)
Poor 17 (10.7) 32 (25.2)e) 23 (24.7)e)

MD width of coronal restoration (mm) 7.93±1.63 7.90±1.50 8.39±1.37e)f) - 3.367 0.036d)

BL width of coronal restoration (mm) 7.52±1.31 7.46±1.59 7.94±1.39e)f) - 3.555 0.030d)

Values are presented as mean ± standard deviation or number (%).
MD: mesiodistal, BL: buccolingual, df: degrees of freedom.
a)All df values = 2. b)Data based on the number of implants within each parameter by diagnostic category. c)Two-sided Pearson χ2 test. d)One-way analysis of 
variance. e)Statistically significant difference (P<0.05, χ2 or Games-Howell post hoc comparison tests) compared with the healthy implant group. f)Statistically 
significant difference (P<0.05, Games-Howell post hoc comparison test) compared with the peri-implant mucositis group.



associated with PIM and PI using updated case definitions [1,25]. The findings revealed that 
after a follow-up period of 1 to 18 years, 34.8% of patients exhibited peri-implant health, 
while 28.4% and 36.8% were diagnosed with PIM and PI, respectively. At the implant level, 
peri-implant health was observed in 42.0% of cases, PIM in 33.5%, and PI in 24.5%. Although 
the prevalence rates of PIDs vary across countries, other authors have reported similar rates, 
with 34% of patients and 21% of implants affected by PI [11] and 23.9% of patients and 27.4% 
of implants affected by PIM [9]. The differences in criteria used to define PIDs may greatly 
impact these estimates and partly explain the observed variability [1,2]. This study utilized the 
case definitions outlined in the 2017 World Workshop [1,25], but it is important to note that 
factors such as host susceptibility, oral hygiene habits, and prosthetic or restorative factors 
may also contribute to the differences in disease rates [2,10]. Additionally, minor changes 
in diagnostic criteria can lead to great differences in prevalence rates across studies [11]. It 
is crucial to emphasize that, in this study, all clinical and radiographic features associated 
with PIDs demonstrated statistically significant between-group differences regarding 
swelling, redness, suppuration, BOP, PD, IRBL, percentage of IRBL, and IRBL/age ratio scores 
according to the agreed-upon case definitions for PIM and PI [1,25].

Among the patient-related variables, only poor oral hygiene and the presence of active 
gingivitis/periodontitis were significantly associated with the proportion of cases of PIM and 
PI in the univariate analyses, and these factors remained robust indicators of disease status 
after adjustment for covariates. In agreement with the current results, it has been recognized 
that impaired access to oral hygiene procedures or poor self-performed oral hygiene 
measures can lead to biofilm accumulation on implants and their restorations, increasing the 
risk of PIDs [3,4,26]. Regarding the effect of current periodontal status, convincing evidence 
indicates that in susceptible individuals, the persistence of gingivitis and/or periodontitis, 
rather than the history of periodontal disease per se [7], may lead to the development of 
PIM and/or PI [6,11]. This may be attributable to the fact that both groups of diseases share 
common host factors, pathogenesis, and microbiota [8,27], although some differences have 
been identified in the biofilms associated with these entities [28].
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Table 6. Univariate and multivariate binary logistic regression analyses examining the association of significant risk indicators with peri-implant mucositis after 
adjusting for age and smoking status
Clinical groups/parameters Casesa) Univariate analysis Multivariate binary logistic regression analysis

Unadjusted OR (95% CI) P valueb) Adjusted OR (95% CI) P valueb)

Oral hygiene status <0.001 0.001
Good/acceptable 39 (30.7) Referent
Poor 88 (69.3) 2.3 (1.4–3.7) 2.3 (1.4–3.8)

Current periodontal status <0.001 <0.001
Periodontal health 21 (16.5) Referent
Gingivitis/periodontitis 106 (83.5) 3.3 (1.9–5.8) 3.4 (1.9–6.0)

Preoperative alveolar ridge status <0.001 <0.001
Adequate (thick tissue biotype) 43 (33.9) Referent
Deficient (horizontal, vertical, or combined defects) 84 (66.1) 2.6 (1.6–4.2) 2.7 (1.6–4.4)

Implant placement protocol <0.001 <0.001
Immediate 17 (13.4) Referent
Early/delayed 110 (86.6) 3.2 (1.8–5.9) 3.5 (1.8–6.5)

Implant length <0.001 <0.001
>11.0 mm 45 (35.4) Referent
≤11.0 mm 82 (64.6) 2.9 (1.8–4.6) 2.9 (1.8–4.6)

Quality of coronal restoration 0.003 0.003
Satisfactory 95 (74.8) Referent
Poor 32 (25.2) 2.6 (1.4–4.9) 2.7 (1.4–5.0)

OR: odds ratio, CI: confidence interval.
a)Data based on the number of implants within each parameter. b)Wald test.
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Regarding the effects of site- and surgery-related variables on PIM and PI, we found that both 
preoperative alveolar ridge deficiency and early/delayed placement protocol were positively 
associated with the proportion of PIM and PI cases in the univariate analysis, and these 
associations remained robust after adjustment for covariates. The increased risk observed 
with deficient alveolar ridge dimensions is consistent with previous studies demonstrating 
that a thin tissue biotype [29] or severe ridge resorption (≤3 mm) [30] may pose potential 
risks for PIDs. Although the preoperative alveolar ridge status has been underestimated 
in the majority of studies related to implant treatment outcomes, it is generally accepted 
that a relationship may exist between alveolar ridge deficiency and the vulnerability of the 
peri-implant area to plaque-induced tissue breakdown [31]. Additionally, the strong and 
independent association of the early/delayed placement protocol with PIM and PI is roughly 
in line with previous results indicating lower frequencies of both PIM and PI associated 
with the immediate implant placement protocol [32]. Conversely, while some authors have 
reported a higher frequency of immediate implants affected by PIM [13] and PI [33], others 
have demonstrated statistically similar outcomes with delayed and immediate implants 
when assessing the prevalence of PIM [33,34], or PI [34]. Given that the early/delayed implant 
placement protocol is typically used when substantial soft and/or hard tissue deficiencies are 
present, it can be concluded that a residual bone defect may reduce the resistance of peri-
implant tissues to inflammation [13].
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Table 7. Univariate and multivariate binary logistic regression analyses examining the association of significant risk indicators with peri-implantitis after 
adjusting for age and smoking status
Clinical groups/parameters Casesa) Univariate analysis Multivariate binary logistic regression analysis

Unadjusted OR (95% CI) P valueb) Adjusted OR (95% CI) P valueb)

Oral hygiene status 0.003 0.002
Good/acceptable 28 (30.1) Referent
Poor 65 (69.9) 2.3 (1.3–3.9) 2.5 (1.4–4.3)

Current periodontal status 0.015 0.008
Periodontal health 22 (23.7) Referent
Gingivitis/periodontitis 71 (76.3) 2.1 (1.2–3.6) 2.2 (1.2–4.0)

Preoperative alveolar ridge status <0.001 <0.001
Adequate 29 (31.2) Referent
Deficient 64 (68.8) 2.9 (1.7–4.9) 2.9 (1.7–5.0)

Implant placement protocol 0.009 0.004
Immediate 16 (17.2) Referent
Early/delayed 77 (82.2) 2.3 (1.2–4.4) 2.6 (1.4–5.1)

Implant length <0.001 <0.001
>11.0 mm 32 (34.4) Referent
≤11.0 mm 61 (65.6) 2.9 (1.7–4.9) 2.8 (1.6–4.9)

Length of follow-up 0.001 0.004
≤5.0 years 32 (34.4) Referent
>5.0 years 61 (65.6) 2.4 (1.4–4.0) 2.3 (1.3–4.0)

Functional loading time 0.005 0.012
≤4.0 years 33 (35.5) Referent
>4.0 years 60 (64.5) 2.1 (1.3–3.6) 2.1 (1.2–3.6)

Quality of coronal restoration 0.005 0.013
Satisfactory 70 (75.3) Referent
Poor 23 (24.7) 2.7 (1.4–5.4) 2.5 (1.2–5.1)

MD width of coronal restoration 0.034 0.052
≤8 mm 41 (44.1) Referent
>8 mm 52 (55.9) 1.7 (1.0–2.9) 1.7 (0.9–2.9)

BL width of coronal restoration 0.038 0.059
≤7 mm 23 (24.7) Referent
>7 mm 70 (75.3) 1.8 (1.0–3.2) 1.7 (0.9–3.1)

MD: mesiodistal, BL: buccolingual, OR: odds ratio, CI: confidence interval.
a)Data based on the number of implants within each parameter. b)Wald test.



Regarding implant-related variables, implant lengths of ≤11.0 mm were found to be 
positively associated with the proportions of PIM and PI cases. This finding contrasts with 
previous studies that found either no association with disease statuses [4,11] or a significant 
association between longer implants and greater marginal bone loss [35]. However, it has 
been also indicated that short implant length is associated with an increased failure rate [36]. 
In line with the data presented here, resonance frequency analysis has shown that reduced 
surface area of short implants at the bone-implant level leads to a decrease in the area of 
osseointegration and an increase in stress at the crestal bone [37]. If this stress concentration 
in the peri-implant bone exceeds physiological limits, the process of bone resorption will 
increase, yielding a higher risk of bone loss [38]. In addition to the above, other implant-
related variables in this study, such as a follow-up period of >5.0 years and a functional 
loading time of >4.0 years, were also significantly related to the proportion of PI cases in 
the univariate analysis and remained robust indicators after adjustment for confounders. 
Several studies have emphasized that longer follow-up periods are associated with a greater 
prevalence of PI [10,13]. Moreover, it has been hypothesized that due to the inflammatory 
nature of PID, while the onset of the condition may occur early during follow-up [26], 
it requires time to develop and be detected [7]. Notably, however, in many studies, the 
observation periods generally begin with the loading of the implants. In this context, other 
reports [2,6] agree with the findings of this study, indicating that a functional loading time 
of >4.0 years is linked to the onset of PI. This may be related to stress concentration [2] or 
fatigue micro-damage [39] caused by a longer duration of occlusal loading, which is absorbed 
by the crestal bone-implant interface, resulting in bone resorption that may progress to PI.

The influence of variables related to prosthetic restorations on PIDs remains a relatively 
understudied subject. In this study, poor quality of coronal restorations was consistently 
associated with a higher proportion of cases of PIM and PI across various analyses. In line 
with this finding, some existing studies [10,21] suggest that this indicator may be particularly 
important insofar as it facilitates or prevents microbial biofilm accumulation beneath crown 
restoration margins. In contrast, although both the MD and BL widths of coronal restorations 
significantly contributed to the prevalence of PI in bivariate and univariate analyses, a 
confounding effect became apparent after adjusting for selected confounders in the final 
logistic regression model, as these parameters did not demonstrate a significant association. 
These results partially align with those of other study, which indicate that increased MD and 
BL widths of crowns [40] can act as stress multipliers, amplifying the total force exerted 
on the implant due to lever action or increased rotational load on the implant and implant-
abutment connection during mastication, with detrimental consequences for the integrity of 
peri-implant tissues over time. Nonetheless, since confounding occurs when shared causes 
exist between the exposure and outcome, it is reasonable to infer that the heterogeneous 
effects on the immune system, vascularity, wound healing, or bone remodeling processes 
related to age and smoking status may be important modifiers for the impact of excessive 
occlusal load in their association with PI.

Several limitations were identified in the current study. First, the retrospective and 
cross-sectional design may have led to some selection biases and missing data, making 
it impossible to determine any correlation between the history of periodontitis and PIM 
and/or PI or the progression of PIM to PI. However, to enhance the information regarding 
the sample population, patients were recalled and underwent single-visit clinical and 
radiographic examinations. Second, the heterogeneity in case definitions for peri-implant 
conditions could limit the generalizability of the results. Third, the low frequency of cases 
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associated with intraoperative complications, cylindrical implants, smooth collar surfaces, 
immediate loading, and external connections within the study groups prevented an adequate 
assessment of the possible role of these covariates in the pathogenesis of PIM and/or PI. 
Consequently, greater variability in the sample composition may yield different results.

In conclusion, the findings of this study show that oral hygiene, periodontal status, 
preoperative alveolar ridge status, implant placement protocol, implant length, and the 
quality of coronal restoration may be strong risk indicators for both PIM and PI. Additionally, 
the length of follow-up and functional loading time also served as robust indicators for 
PI in this study population. Furthermore, the potential modifying relationships of age 
and smoking status with the MD and BL widths of restoration could be crucial for the 
development of PI.
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