
ABSTRACT

Purpose: This study examined the prevalence and risk factors of peri-implant disease after at 
least 7 years of dental implant loading.
Methods: A total of 111 patients with 218 dental implants were treated. The follow-up period 
for all implants was at least 7 years. The patients' dental records were collected and risk 
factors of peri-implant disease were investigated through logistic regression analysis.
Results: The overall implant survival rate was 95.87%, because 9 of the 218 implants 
failed. The prevalence of peri-implant mucositis and peri-implantitis was 39.7% and 
16.7%, respectively. As risk factors, smoking and prosthetic splinting showed significant 
associations with peri-implantitis (P<0.05).
Conclusions: Within the limits of this study, no significant correlations were found between 
any risk factors and peri-implant mucositis, but a significantly elevated risk of peri-implantitis 
was observed in patients who smoked or had splinted prostheses in 2 or more implants.
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INTRODUCTION

Owing to advances in surface treatments and the surgical and prosthodontic techniques 
used with dental implants, survival rates of more than 96% have been reported in implants 
that have functioned for a long-term period [1,2]. Nonetheless, many researchers have not 
distinguished between the “survival rate” and the “success rate”.

The term “success” and “survival” can be interpreted differently depending on the criteria 
used. In 1997, Roos et al. [3] proposed criteria for the success of implants that are now widely 
accepted, according to which the success of an implant is determined based on an evaluation 
of its status, that of the peri-implant tissue, and patients' satisfaction, whereas the survival of 
an implant is interpreted only as whether it is present or not. For example, an implant with 
50% bone loss may continue to exist in the alveolar ridge, while causing many problems, such 
as swelling, pain, and halitosis. This would be categorized as “survival”, but not as “success”. 
Misch et al. [4] proposed a health scale for dental implants. According to this scale, an 
implant showing mobility or more than 50% radiographic bone loss is categorized as a 
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failure. Numerous implants are placed in patients every year and the prevalence of implant 
complications has been reported to be 45% [5]. Hence, surviving implants that do not have 
ideal peri-implant tissue conditions are a growing problem.

Peri-implant disease is an inflammatory process that occurs in the tissues surrounding 
an implant, and includes peri-implant mucositis and peri-implantitis [6]. Peri-implant 
mucositis refers to the presence of an inflammatory lesion in the mucosa only, without 
additional bone loss after initial bone remodeling, whereas peri-implantitis is a condition 
characterized by gradual loss of the supporting bone [7]. In a clinical examination, the 
condition of peri-implant tissue can be categorized as follows (all cases of this study were 
classified using this categorization system) [8,9].

1. Healthy peri-implant tissue: bleeding on probing (BOP) (−), marginal bone loss <2 mm
2.  Peri-implant mucositis: BOP (+), probing pocket depth (PPD) >5 mm, marginal bone 

loss ≤2 mm
3. Peri-implantitis: BOP (+), PPD >5 mm, marginal bone loss >2 mm

Treatment protocols for peri-implant disease have been reported [10,11]. Nonetheless, 
the disease is often not well controlled and frequently recurs. Despite the high prevalence 
and aggressive character of peri-implant disease, an ideal treatment protocol has not been 
established. Therefore, to better understand the characteristics of peri-implant disease, we 
investigated the prevalence and risk factors of peri-implant mucositis and peri-implantitis in 
dental implants that had functioned for at least 7 years.

MATERIALS AND METHODS

The implants in this study were placed at our dental hospital and had functioned for at least 
7 years. In all patients, implant surgery was performed after the completion of periodontal 
treatment suitable for each individual patient's periodontal status. A total of 218 implants 
were placed in 111 patients, and the research protocol was approved by the Pusan National 
University Dental Hospital Institutional Review Board (PNUDH-2017-005).

Analysis of patients' files
The following data were extracted from the patients' dental records:

1.  Patient factors: sex, age, smoking, plaque index, maintenance visit, gingival biotype, 
and keratinized tissue

2.  Implant factors: loading period, implant length, diameter, number of implants, 
position of placement (maxilla or mandible; anterior, canine, posterior), design of the 
supraconstruction (splinting or not), implant surface (anodized type or resorbable blast 
media type)

3.  Surgical factors: regenerative procedure (bone graft, guided bone regeneration), surgeon's 
experience (first-year resident, second-year resident, third resident-year, or professor)

Clinical examination
The clinical examinations, which were carried out by a single periodontist (D.H.A), included 
the modified plaque index, PPD, and BOP. All clinical parameters were measured manually 
at each implant to the nearest millimeter using a periodontal probe (PGF-W, Osung, 
Gwangmyeong, Korea) [12]. The above variables were recorded at 6 surfaces (mesio-buccal, 
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mid-buccal, disto-buccal, mesio-lingual, mid-lingual, and disto-lingual) of each implant. 
The presence of bleeding at 3 or more aspects was considered to indicate BOP. The gingival 
biotype was classified as thin or thick according to the transparency of the probe located in 
the gingival sulcus. Keratinized tissue around the implant was recorded as present or absent.

Radiographic examination
Standard periapical radiographs of each implant were taken using the parallel technique (Figure 1).  
Radiographic measurements were recorded using image analysis software (AxioVision, Carl 
Zeiss MicroImaging GmbH, Jena, Germany). Calibration was performed based on the length of 
each implant. The distances between the shoulder of the implant and the first bone-to-implant 
contact, mesially and distally, were noted in millimeters. The mean value was recorded.

Data analysis
The prevalence of health and peri-implant disease was assessed at the implant level. Binary 
logistic regression analysis was performed to examine the effects of the patient, implant, and 
surgical factors. Subsequently, multiple logistic regression analysis was performed to analyze 
the statistical significance of various factors. The statistical analysis was performed using 
SPSS version 21.0 (IBM Corp., Armonk, NY, USA). P  values less than 0.05 were considered to 
indicate statistical significance. The odds ratios and predicted probabilities, including 95% 
confidence intervals, were analyzed. The overall fit (calibration) of the predictive scale was 
assessed using the Hosmer–Lemeshow statistic.

RESULTS

Nine of the 218 implants showed mobility or more than 50% of radiographic bone loss, and 
were categorized as failed implants. The overall implant survival rate was 95.87%. Table 1 
presents the distribution of implants according to various factors.
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Figure 1. Distances between the shoulder of the implant and the first bone-to-implant contact.
 X=(A−B)×Implant Length/(A−C) 
 X′=(A−B′)×Implant Length/(A−C) 

Mean Marginal Bone Level=(X+X′)/2
A–B: distance from the implant shoulder to the marginal bone level (distal), A–B′: distance from the implant 
shoulder to the marginal bone level (mesial), A–C: length of the implant (implant-abutment junction to apex).
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Prevalence of health, peri-implant mucositis, and peri-implantitis
A total of 209 implants, excluding failed implants, were investigated, of which 83 (39.7%) 
presented with peri-implant mucositis, whereas 35 (16.7%) exhibited peri-implantitis (Table 2).
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Table 1. Distribution of implants according to various factors
Variables Survived implants Failed implants Total implants
Sex

Male 72 (33.0) 5 (2.3) 77 (35.3)
Female 137 (62.8) 4 (1.8) 141 (64.7)

Age (yr)
≤49 32 (14.7) 0 (0) 32 (14.7)
50–59 67 (30.7) 6 (2.7) 73 (33.5)
60–69 76 (34.9) 3 (1.4) 79 (36.2)
≥70 34 (15.6) 0 (0) 34 (15.6)

Loading period (yr)
≥11 29 (13.3) 0 (0) 29 (13.3)
10 39 (17.9) 5 (2.3) 44 (20.2)
9 49 (22.5) 2 (0.9) 51 (23.4)
8 29 (13.3) 1 (0.5) 30 (13.8)
7 63 (28.9) 1 (0.5) 64 (29.4)

Implant surface
RBM 174 (79.8) 4 (1.8) 178 (81.7)
Anodized 33 (15.1) 5 (2.3) 38 (17.4)
Missing data 2 (0.9)

Length (mm)
<10 85 (39.0) 7 (3.2) 92 (42.2)
≥10 124 (56.9) 2 (0.9) 126 (57.8)

Diameter (mm)
Narrow (≤3.75) 13 (6.0) 0 (0) 13 (6.0)
Regular (4) 70 (32.1) 3 (1.4) 73 (33.5)
Wide (≥5) 126 (57.8) 6 (2.8) 132 (60.6)

Position of placement
Maxillary anterior 6 (2.8) 0 (0) 6 (2.8)
Maxillary canine 7 (3.2) 0 (0) 7 (3.2)
Maxillary posterior 79 (36.2) 4 (1.8) 83 (38.1)
Mandibular anterior 5 (2.3) 0 (0) 5 (2.3)
Mandibular canine 0 (0) 0 (0) 0 (0)
Mandibular posterior 112 (51.4) 5 (2.3) 117 (53.7)

Surgeon's experience
1st-yr resident 22 (10.1) 0 (0) 22 (10.1)
2nd-yr resident 73 (33.5) 5 (2.3) 78 (35.8)
3rd-yr resident 57 (26.1) 4 (1.8) 61 (28.0)
Professor 57 (26.1) 0 (0) 57 (26.1)

Values are presented as number (%).
RBM: resorbable blast media.

Table 2. Prevalence of health and peri-implant disease in dental implants after at least 7 years of loading
Variables Implants (total n=209)
Peri-implant healtha) 91 (43.5)
Peri-implant mucositisb) 83 (39.7)
Peri-implantitisc) (bone loss, mm)

2.0< bone loss ≤3.0 21 (60.0)
3.0< bone loss ≤4.0 9 (25.7)
4.0< bone loss ≤5.0 4 (11.4)
5.0< bone loss 1 (2.9)

Values are presented as number (%).
BOP: bleeding on probing, PPD: probing pocket depth.
a)No BOP and no bone loss >2 mm; b)BOP and PPD >5 mm, but no bone loss >2 mm; c)BOP, PPD >5 mm, and bone 
loss >2 mm.
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Factors associated with peri-implant mucositis and peri-implantitis
No statistically significant associations were found between any of the investigated 
parameters and peri-implant mucositis (Table 3).

For peri-implantitis, smoking (as a patient factor) and prosthesis splinting (as an implant factor) 
were significantly associated with the development of peri-implantitis (P<0.01 and P<0.05, 
respectively), while no surgical factors showed a statistically significant relationship (Table 3).
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Table 3. Factors associated with peri-implant mucositis and peri-implantitis
Factors Peri-implant mucositis Peri-implantitis

OR CI P OR CI P
Patient factors

Sex
Male (72) 1.000 1.000
Female (137) 1.513 0.834–2.744 0.173 1.009 0.470–2.167 0.982

Smoking
No (192) 1.000 1.000
Yes (17) 0.440 0.138–1.400 0.164 4.100 1.441–11.666 0.008a)

Plaque index
0 (135) 1.000 1.000
1 (63) 1.511 0.945–2.414 0.084 1.417 0.793–2.530 0.239
2 (11)

Maintenance visits (mon)
≤6 (111) 1.000 1.000
>6 (98) 0.929 0.533–1.619 0.795 0.714 0.341–1.495 0.372

Biotype
Thin (20) 1.000 1.000
Thick (189) 0.786 0.311–1.990 0.612 4.168 0.539–32.208 0.171

Keratinized tissue
No (36) 1.000 1.000
Yes (173) 1.392 0.653–2.966 0.391 1.007 0.384–2.638 0.989

Implant factors
Length (mm)

<10 (85) 1.000 1.000
≥10 (124) 0.897 0.345–2.333 0.823 1.787 0.394–8.108 0.452

Diameter (mm)
≤4 (83) 1.000 1.000
≥5 (126) 0.997 0.566–1.756 0.991 0.235 0.235–1.020 0.056

No. of implants
<4 (109) 1.000 1.000
≥4 (100) 1.585 0.906–2.775 0.107 0.638 0.307–1.328 0.230

Position of placement
Maxilla (92) 1.000 1.000
Mandible (117) 0.592 0.338–1.036 0.067 1.631 0.764–3.484 0.206

Design of supraconstruction
No splinting (81) 1.000 1.000
Splinting (128) 0.725 0.412–1.278 0.267 2.439 1.048–5.676 0.038b)

Implant surface
RBM (174) 1.000 1.000
Anodized (33) 1.782 0.843–3.767 0.130 0.636 0.209–1.941 0.427
Missing data (2)

Terminal placement
No (131) 1.000 1.000
Yes (78) 1.293 0.731–2.288 0.377 0.732 0.337–1.591 0.431

Surgical factors
Regenerative surgery

No (116) 1.000 1.000
Yes (93) 1.281 0.734–2.237 0.383 1.398 0.675–2.893 0.367

OR: odds ratio, CI: confidence interval, RBM: resorbable blast media.
a)P<0.01; b)P<0.05.
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The multiple logistic regression analysis showed that smoking was significantly correlated 
with peri-implantitis (P<0.01) (Table 4). Smokers showed a higher incidence of peri-
implantitis than non-smokers. Prosthesis splinting was also associated significantly with 
peri-implantitis (P<0.05) (Table 4). The use of bridges as a prosthesis for 2 or more implants 
was associated with a significantly higher risk of peri-implantitis than was observed for single 
crown implants.

DISCUSSION

Many researchers have reported high survival rates, exceeding 90%, in implants that have 
functioned for a long-term period, although the survival rate tends to decrease with longer 
functional periods [13-15]. In this study, the 7-year and 10-year survival rates were 95.87% and 
92.6%, respectively, showing a similar pattern to those reported in previous studies.

We adopted strict diagnostic criteria for peri-implant mucositis and peri-implantitis 
when evaluating the status of peri-implant tissue health. Peri-implant mucositis and 
peri-implantitis were observed in 39.7% and 16.7% of patients, respectively. In previous 
studies, the prevalence of these conditions has been reported to range very widely [5,16,17]. 
This diversity in previous findings can be explained by differences in the sample size, the 
definition of disease, and the follow-up period.

No factors showing a statistically significant relationship with peri-mucositis were found in 
our study. Although not statistically significant, the position of the implant (P=0.067) and 
the plaque index (P=0.084) could be potential risk factors for peri-implant mucositis. The 
accumulation of plaque could induce peri-implant inflammation and affect peri-implant 
tissue health [18-20]. In this study, the maxilla was found to be more closely associated with 
the incidence of peri-implant mucositis than the mandible. All dentists will agree that both 
the quantity and quality of residual bone for dental implant surgery are worse in the maxilla 
than in the mandible. For this reason, a lower success rate and more implant failures have 
been reported in the maxilla than in the mandible [15,21].

The present study showed that smoking (P<0.01) was a significant factor affecting the risk 
of peri-implantitis. Smoking has been identified as a risk factor for peri-implant diseases 
[22-24]. and smoking increases peri-implant marginal bone resorption during the initial 
healing period [25]. According to a systematic review, the annual rate of marginal bone loss 
was found to be 0.16 mm per year higher in smokers than in non-smokers [26]. Recently, 
Duan et al. [27] reported that the oral microbiome of smokers was more harmful than that of 
non-smokers. In particular, Porphyromonas gingivalis, which was present in significantly greater 
quantities in smokers, affected marginal bone loss during bone healing.

Prosthetic splinting was identified as another significant factor affecting the incidence of 
peri-implantitis in the present study (P<0.05). The inter-implant portion of the prosthetic 
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Table 4. Association of peri-implantitis with various factors according to multiple regression analysis
Factors B±SE β t P value
Smoking 0.269±0.092 0.197 2.915 0.004a)

Prosthesis splinting 0.114±0.052 0.149 2.210 0.028b)

SE: standard error.
a)P<0.01; b)P<0.05.
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splint or the area beneath a pontic may be more difficult to clean than a single crown due to 
the non-ideal emergence profile or inadequate space of the prosthesis around the implant. 
Poor oral hygiene has been reported to be associated with the risk of peri-implantitis [16]. 
Similarly, Serino and Ström [28] reported improper plaque control in 74% of implants. 
Therefore, the importance of effective plaque control has been emphasized as a way to 
increase the survival rate of implants [29].

A previous study reported that 5.0-mm-diameter implants exhibited higher failure rate than 
3.75-mm-diameter or 4.0-mm-diameter implants [30]. Canullo et al. [31] also reported that 
implants with a wider diameter had a greater likelihood of peri-implantitis. This is because 
additional bone grafting, which is often required to facilitate the placement of implants with 
wider diameters, may be another factor that causes peri-implantitis. This may also be due 
to the higher compression force generated during the drilling process for wider implants 
and the presence of less bone surrounding the wider implant. In contrast, several studies 
reported no relationship between the implant diameter and the survival rate [32,33]. In our 
study, peri-implantitis was more likely to occur in narrow-diameter implants (≤4 mm) than in 
wide-diameter implants (≥5 mm) (P=0.056). This result could be interpreted as implying that 
choosing a narrow diameter could result in a lack of residual bone quantity. Therefore, this 
topic is still open to debate. Most of the factors that have been considered to be predictors of 
peri-implant disease showed no statistical significance in the present study. Considering the 
details of this study, future research including a larger sample and a longer follow-up period 
will be needed.
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