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Prevalence and risk factors for peri-implant diseases
in Japanese adult dental patients
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Abstract: We investigated the prevalences and risk
factors for peri-implant diseases in Japanese adult
dental patients attending a follow-up visit at dental
hospitals or clinics as part of their maintenance
program. This cross-sectional multicenter study
enrolled patients with dental implants who attended
regular check-ups as part of a periodontal mainte-
nance program during the period from October 2012
through September 2013. Patients with implants
with at least 3 years of loading time were included in
the study. The condition of peri-implant tissue was
examined and classified into the following categories:
healthy, peri-implant mucositis, and peri-implantitis.
Patients were also evaluated for implant risk factors.
A total of 267 patients (110 men, 157 women; mean
age: 62.5 + 10.7 years) were analyzed. The prevalence
of patient-based peri-implant mucositis was 33.3% (n
=§89), and the prevalence of peri-implantitis was 9.7 %
(n =26). Poor oral hygiene and a history of periodon-
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titis were strong risk factors for peri-implant disease.
The present prevalences were lower than those previ-
ously reported. The quality of periodontal therapy
before and after implant installation and patient
compliance and motivation, as indicated by plaque
control level, appear to be important in maintaining
peri-implant tissue health.

Keywords: multicenter study; peri-implant mucositis;
peri-implantitis; prevalence.

Introduction
Peri-implant diseases are classified into two categories:
peri-implant mucositis and peri-implantitis (1). Peri-
implant mucositis is a reversible inflammatory reaction
in the mucosa surrounding a functional dental implant.
Peri-implantitis is an inflammatory reaction associated
with functional deterioration of supporting bones around
a dental implant. These are the most frequent long-term
complications of dental implants (1-5). However, the
absence of widely accepted diagnostic criteria for these
pathologies complicates the interpretation of published
values for prevalence (1,6,7). The Consensus of the
Seventh European Workshop on Periodontology indi-
cates that the key parameter for diagnosis of peri-implant
mucositis is bleeding on gentle probing (<0.25 N).



Moreover, peri-implantitis was defined as a change in the
level of the crestal bone in conjunction with bleeding on
probing, with or without concomitant deepening of peri-
implant pockets (1). A number of studies have reported
fairly high prevalences for peri-implant mucositis and
peri-implantitis (5,8-12). Some evidence suggests that
poor oral hygiene (9), history of periodontitis (13,14),
smoking (15), lack of keratinized mucosa (16), and
implant surface topography (17) are associated with
peri-implant mucositis and peri-implantitis. Further-
more, periodontally compromised patients who did not
completely adhere to supportive periodontal therapy had
a higher implant failure rate (18,19).

Several studies have noted similarities in the patho-
genesis of periodontitis and peri-implantitis (20-22).
Specifically, periodontal pathogens can translocate from
periodontally involved teeth to peri-implant sulci in
partially dentate patients (23,24). These findings highlight
the importance of periodontal treatment of residual denti-
tion before placement of osseointegrated dental implants
(14,25). However, a recent hypothesis holds that the core
microbiota in peri-implantitis and periodontitis exhibits
intraindividual variation (26,27).

To better understand the prevalence of peri-implant
diseases and the risk factors associated with these diseases
in Japanese adults, we investigated the prevalence and
risk factors for peri-implant diseases in Japanese adult
dental patients who received periodontal treatment
by periodontal specialists before placement of dental
implants. All were enrolled in a periodontal maintenance
program that included routine follow-up visits at dental
hospitals or private dental clinics affiliated with the Japa-
nese Society of Periodontology (JSP).

Materials and Methods

Sample

This cross-sectional study enrolled patients who were
included in a periodontal maintenance program by
periodontal specialists (with follow-up visits every 1-12
months) in dental hospitals or private dental clinics
affiliated with the JSP. The study was approved by the
Ethics Committee of the JSP (JSP2012001). All patients
with dental implants, more than 3 years of follow-up
after loading, and consecutive attendance at periodontal
maintenance appointments between October 2012 and
September 2013 were enrolled. They were assigned to the
study cohort from an implant registry in a random order
based on the scheduling of their last routine consultation.
Written informed consent was obtained from each patient
after all procedures had been explained in detail. A total
of 267 patients (one implant and one natural tooth per

patient were included) were interviewed to update their
medical and dental histories, according to the protocols
of this study, and were categorized by age, sex, smoking
habit, implant manufacturer, surface topography, use
of a one- or two-stage surgical approach, presence of
a screw- or cement-retained implant restoration, and
history of periodontal disease (as determined by a review
of periodontal charts before and after implant treatment).
Periodontal treatment before placement of the dental
implant and the standardized periodontal maintenance
check-ups were performed by periodontal specialists.
These check-ups included a complete periodontal exami-
nation comprising determination of probing pocket depth
(PPD) (the deepest values for implant and natural teeth
in the same oral cavity were registered), modified plaque
index (mPII) and modified sulcus bleeding index (mSBI)
for implants (20), plaque index (PII) (28) and gingival
index (GI) (29) for natural teeth, bleeding on probing
(BOP), suppuration, tooth/implant mobility, and width of
buccal keratinized mucosa, as well as an X-ray (intraoral
or panoramic radiographs) examination. A diagnosis of
peri-implant mucositis was defined as bleeding on gentle
probing (<0.25 N), and peri-implantitis was defined as
changes in the level of the crestal bone in conjunction
with BOP (1). Gingivitis was defined as the presence of
clinical signs of inflammation confined to the gingiva
and associated with teeth showing no attachment loss.
Chronic periodontitis (CP) is associated with accumula-
tion of plaque and calculus, has a slow to moderate rate
of disease progression, and is characterized as slight,
moderate, or severe (slight: 1-2 mm of clinical attach-
ment loss; moderate: 3-4 mm of clinical attachment loss;
severe: >5 mm of clinical attachment loss). Aggressive
periodontitis differs from the chronic form primarily in
the rapid rate of disease progression seen in otherwise
healthy individuals, the absence of large accumulations
of plaque and calculus, and the presence of a family
history of aggressive disease suggestive of a genetic trait
(30).

Quantification of periodontal bacteria from
subgingival plaque samples

Subgingival plaque samples were collected from two
sites (the deepest PPD sites for implant and natural teeth
in the same oral cavity). Before sampling, supragingival
plaque was removed with sterile cotton pellets. Sterile
paper points were then inserted into the sample site,
retained for 10 seconds (three times), and then imme-
diately sent to a medical laboratory (BML Corporation,
Tokyo, Japan) for bacterial analysis. Aggregatibacter
actinomycetemcomitans (A. a.), Prevotella intermedia (P.



i.), Porphyromonas gingivalis (P. g.), and total bacteria
were quantified using the modified Invader PLUS assay,
as described previously (31,32).

Measurement of IgG titers against periodontal
bacteria

Serum was extracted from a 50-pL sample of whole
capillary blood obtained from the middle fingertip, and
device-treated serum was obtained according to proce-
dures prescribed by Leisure, Inc. (Tokyo, Japan). IgG
titers against 4. actinomycetemcomitans, P. intermedia,
Eikenella corrodens (E. c.), and P. gingivalis were deter-
mined using an enzyme-linked immunosorbent assay.
The details of the measurement method are described in
detail elsewhere (33).

Statistical analysis

Differences among the three groups (healthy peri-implant
tissue, peri-implant mucositis, and peri-implantitis) were
analyzed by one-way ANOVA with the post-hoc Turkey-
Kramer test. The chi-square test for independence
confirmed by Fisher’s exact probability test was used
to determine whether a history of chronic periodontitis
was associated with healthy peri-implant tissue or peri-
implant mucositis. The associations of implant design and
prosthesis type with peri-implant diseases were analyzed
by the Kruskal-Wallis test or the Mann-Whitney U test
(34).

Results
The age, sex, smoking habit, PPD, BOP, suppuration, and
mobility distributions for the participants are shown in
Table 1. A total of 267 patients (mean + SD age, 62.5 +
10.7 years) were included in the analysis. The group aged
60 to 69 years was the largest age group (114; 42.7%);
22 smokers were included in this study. Eight smokers
exhibited peri-implant mucositis, but there was no peri-
implantitis in these smokers. The average numbers of
residual teeth and dental implants per participant were
20.9 + 5.9 teeth and 3.8 + 3.2 pieces. Average PPD
(deepest value for implant and natural teeth in the same
oral cavity) was 3.4 = 1.6 mm for implants and 4.0 +
2.0 mm for natural teeth. BOP was detected in 43.1%
of implants and in 50.2% of natural teeth. Suppuration
was detected in 6% of implants and in 4.5% of natural
teeth. Twenty-nine (11%) natural teeth exhibited tooth
mobility; there was no mobility (0%) in implants (Table
1). The most common interval between follow-up visits
was 3 months (139; 52.1%), followed by intervals of 6
months (36; 13.5%), 2 months (25; 9.4%), 1 month (20;
7.5%), and 4 months (19; 7.1%). Causal factors for tooth

Table 1 Characteristics and of subjects and clinical findings
for participants

Age, years 62.5+10.7

20~29 5(2%)

30~39 5 (2%)

40~49 19 (7%)

50~59 58 (22%)

60~69 114 (42%)

70~79 56 (21%)

80~89 19 (4%)

Males 110 (41%)

Females 157 (59%)

Smoker 22 (8%)

Nonsmoker 245 (92%)

Implant number 3.8+32

Residual teeth number 209+59

PPD (mm) (Imp)34+1.6
(Teeth) 4.0 £ 2.0

BOP (Imp) 115 (43.1%)
(Teeth) 134 (50.2%)

Suppuration (Imp) 16 (6.0%)
(Teeth) 12 (4.5%)

Mobility (Imp) 0 (0%)
(Teeth) 29 (11%)

n =267, Mean = SD, PPD: probing pocket depth, BOP: bleeding on
probing

extraction were periodontitis (122; 46%), tooth fracture
(61; 22.8%), caries (43; 16.1%), apical periodontitis (5;
1.9%), external injury (5; 1.9%), birth defect (3; 1.1%),
re-implantation (2; 0.7%), tooth perforation (1; 0.4%),
and unknown reasons (25; 9.4%) (Table 2A). Two (0.8%)
patients had one-piece implants, 82 (30.7%) had soft-
tissue level (two-piece) implants, and 183 (68.5%) had
bone-level (two-piece) implants. Ninety-nine (37%) had
screw-retained implant prostheses, and 168 (63%) had
cement-retained implant prostheses. The prevalences of
healthy peri-implant tissue, peri-implant mucositis, and
peri-implantitis were 152 (57%), 89 (33.3%), and 26
(9.7%), respectively (Table 2A). Associations of implant
design (soft-tissue level or bone level) and prosthesis type
(screw- or cement-retained) with peri-implant diseases
were analyzed with a nonparametric test (Table 2B).
Implant design and prosthesis type were not significantly
associated with peri-implant diseases.

Figure 1 shows the sites and numbers of dental implants
in the maxilla and mandible. The total numbers of dental
implants in the maxilla and mandible were 420 and 566
pieces, respectively. The upper and lower first molars
were the most frequent sites for dental implants. Figure
2 shows the implant systems used, in the order of their
frequency of use. The three most frequently used dental



Table 2A Associations of causal factors of tooth extraction,
implant design, and prosthesis type with prevalence of peri-
implant diseases

Causal factors of tooth extraction

Periodontitis 122 (46.0%)
Fracture tooth 61 (22.8%)
Caries 43 (16.1%)
Apical periodontitis 5(1.9%)
External injury 5(1.9%)
Birth defect 3(1.1%)
Re-implantation 2 (0.7%)
Perforated tooth 1 (0.4%)
Unknown 25 (9.4%)
Implant design
One-piece 2 (0.8%)
Soft-tissue level (two-piece) 82 (30.7%)

Bone level (two-piece) 183 (68.5%)
Type of prosthesis
99 (37.0%)

168 (63.0%)

Screw-retained
Cement-retained
Peri-implant diseases

Healthy peri-implant tissue 152 (57.0%)
Peri-implant mucositis 89 (33.3%)
Peri-implantitis 26 (9.7%)

n=267
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Fig. 1 Sites and numbers of dental implants. Upper: maxilla.
Lower: mandible. There were 420 dental implants in the maxilla
and 566 in the mandible. The upper and lower first molars were
the most frequent sites of dental implants.

Table 2B Associations of peri-implant diseases with implant design and prosthesis type

One-piece (2)

Soft-tissue level (82)

Bone-level (183) Screw-retained Cement-retained

two-piece two-piece (99) (168)
Healthy peri-implant tissue 2 (100%) 47 (57.3%) 103 (56.3%) 54 (54.5%) 98 (58.3%)
Peri-implant mucositis 0 (0%) 26 (31.7%) 63 (34.4%) 36 (36.4%) 53 (31.6%)
Peri-implantitis 0 (0%) 9 (11.0%) 17 (9.3%) 9 (9.1%) 17 (10.1%)
n=267 Nobel Replace I <7 (17.6%)

Straumann | 44 (16.5%)
Brinemark system NN 40 (15.0%)

AstraTech

Biomet 3i External
Spline (Zimmer)
Camlog

Bicon

Screw-Vent (Zimmer)
Keystone (Lifecore)
XiVE

Frialit

mz

Steri-Oss
GCSETIO

GC GENESIO
Endopore

SPI

PLATON

POI (Kyocera)
p-one HA
BIOHORIZONS
Nobel Direct
Biomet 3i Internal

I 2 (8.2%)
R 19 (7.19%)
N 19 (7.1%)
I 11(4.1%)
I 10 (3.7%)
I 10 (3.7%)

I s (3.0%)

I 5 (1.9%)

I 4 (1.5%)

I 4 (1.5%)

I 4 (1.5%)

N 3 (1.1%)
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I 3 (1.1%)
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M 2(0.7%)

1 1(0.4%)

H1(0.4%)
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Fig. 2 Implant systems used.

implants were the Nobel Replace (47; 17.6%), Straumann
(44; 16.5%), and Branemark systems (40; 15.0%). Figure
3 shows the surface textures of the implant bodies. The
three most frequently used implant surfaces were TiUnite
(76; 28.5%), SLA surface (41; 15.4%), and hydroxyapa-

TiUnite (Nobel Biocare) | 75 25.5%)
LA surface (Straumann) | ¢: (15.4%)
Hydroxyapatite (H4) coating [N 32 (12.0%)
Machined surface | 29 (10.9%)
osseotite @iomet 31) [N 20 7-5%)
Tioblast (AstraTech) [N 20 (7-5%)
Ps coating [JII 11 @.1%)
Blasting & Etching [JII 103.7%)
MTX surface (Zimmer) [ © G-4%)
Promote surface (Camiog) [ © 3-4%)
FRIADENT Plus (XivE) [l 5 1.9%)
Porous surface (Endopore) [ 3 (1.1%)
Anode oxidizing | 1(0.4%)

n=267
RBT& HA coating | 1(0.4%)

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0%

Fig. 3 Surface textures of implant bodies.

tite (32; 12%). Bone graft substitutes were used for 77
patients (29%) during dental implant surgery, and the
details are shown in Table 3. The two most frequently
used bone graft substitutes were autologous bone (33;
43%) and B-tricalcium phosphate (30; 39%). Duration of



Table 3 Bone graft substitutes

Autologous bone 33 (43%)
B-TCP 30 (39%)
FDBA 5(6.5%)
DFDBA 2 (2.6%)
Bio-Oss 2 (2.6%)
Periosteum 1(1.3%)
Boneject 1(1.3%)
B-TCP+Hydroxyapatite 1(1.3%)
GEM 218 1(1.3%)
Hydroxyapatite 1(1.3%)

n =77, FDBA: Freeze-dried bone allograft; DFDBA: Demineralized
freeze-dried bone allograft; Bio-Oss: Geistlich, Wolhusen,
Switzerland; Boneject: KOKEN Co., Ltd, Tokyo, Japan; GEM21:
Osteohealth, NY, USA.

Table 5 Patient comorbidities

v |z
~o

Disease (149 per 267 participants)

Hypertension

N
NS

Hyperlipidemia

—
W

Cardiovascular disorders

—

— N W W R R A D OO ® —

Diabetes mellitus
Stomach disease
Thyroid dysfunction
Gout

Liver ailment
Asthma
Rheumatoid arthritis
Glaucoma

Kidney disease
Osteoporosis
Cataract

Stroke

implant function is shown in Table 4. Mean duration of
function was 76.6 £ 46.1 months. In total, 149 patients
(56%, Table 5) reported comorbidities, and 37 had more
than one comorbidity. The most frequent pre-existing
medical condition was hypertension (n = 57). Twenty-
two patients had hyperlipidemia, 15 had cardiovascular
disorders, and 11 had diabetes mellitus.

The width of keratinized mucosa at the buccal center
of the implant is shown in Fig. 4. Men and women did
not differ in the width of keratinized mucosa. The width
was 2 mm in 62 (23.2%) patients, 3 mm in 58 (21.7%), 0
mm in 50 (18.7%), 4 mm in 38 (14.2%), and 1 mm in 31
(11.6%). There was no association between peri-implant
diseases and the width of keratinized mucosa.

Table 4 Functional duration of implants

Mean functional duration, months 76.6 +46.1
>260 1(0.4%)
240~259 2 (0.8%)
220~239 2 (0.8%)
200~219 3(1.1%)
180~199 3(1.1%)
160~179 8 (3.0%)
140~159 7 (2.6%)
120~139 14 (5.2%)
100~119 24 (9.0%)
80~99 25 (9.4%)
60~79 54 (20.2%)
40~59 77 (28.8%)
36~39 47 (17.6%)
n =267, Mean + SD.
70 62 mm Total
(23.2%) 58 —+—Male
60 21.7%) -#-Female
50 n=267
(18.7%)
50
= 40
2
£
=
< 30
20
10
0

‘Width of keratinized mucosa (mm)

Fig. 4 Width of keratinized mucosa around implants. The width
of keratinized mucosa (mm) at the buccal center of implants is
represented by the bars.

Table 6A shows the results of bacterial analyses of
plaque samples from the deepest PPD sites of implants
and natural teeth. The bacterial count of A. actinomy-
cetemcomitans was undetectable in 261 (97.8%) and
262 (98.1%) samples from implants and natural teeth,
respectively. P intermedia was undetectable in 220
(82.4%) and 210 (78.7%) samples from implants and
natural teeth, respectively, and P. gingivalis could not
be detected in 188 (70.4%) and 183 (68.5%) samples of
implants and natural teeth, respectively. We divided the
267 participants into three groups (healthy peri-implant
tissue, peri-implant mucositis, and peri-implantitis),
to investigate mean subgingival bacterial counts in the
deepest PPD sites of implants and natural teeth in the



Table 6A Comparison of subgingival bacterial counts in the pockets

Bacterial counts (Log;) 0 >0.01 >1 >2 >3 >4 >5 >6
Total bacteria Implant 0 0 0 67 137 58 5
Natural teeth 0 0 0 0 72 102 84 9
A. actinomycetemcomitans Implant 261 0 3 1 2 0 0 0
Natural teeth 262 0 0 1 4 0 0 0
P, intermedia Implant 220 0 29 11 6 1 0 0
Natural teeth 210 0 22 19 15 1 0 0
P. gingivalis Implant 188 0 17 31 23 7 1 0
Natural teeth 183 0 7 23 36 17 1 0
n=267
Table 6B Mean subgingival bacterial counts in the pockets of implant and natural teeth
Implant sites (Log;) Total bacteria A a. P i. P g
Healthy peri-implant tissue 4.43 £0.67 0.03 +0.28 0.25 +0.67 0.56 + 1.11 7]
Peri-implant mucositis 441 £0.67 |** 0.09 £ 0.50 0.33+£0.77 |** 0.83+£1.39 [**
kok * kok
Peri-implantitis 4.93+0.82 0.05+0.25 0.80 +1.32 2.17+1.77-
Natural teeth sites (Log;,) Total bacteria A. a. Pi. Pg.
Healthy peri-implant tissue 4.51+£0.72 0.02 +0.25 0.41+£091 0.75+ 1.41 7]
Peri-implant mucositis 4.55+£0.77 0.13+£0.61 0.67+1.21 1.22+1.63 |**
Peri-implantitis 4.84 £0.86 0.00 £ 0.00 0.36+0.90 1.87+1.93 -
Mean + SD, *P < 0.05, **P < 0.01
Table 7A IgG titers against periodontal bacteria
IgG titer <10 >-1.0 >-05 >0 >0.5 >1.0 >15 220 225 >3.0 235 >4
A. actinomycetemcomitans 0 43 151 39 10 5 2 2 1 0 1
P, intermedia 0 84 128 29 2 1 0 1 1 0
E. corrodens 3 70 144 22 1 3 2 0 0 0 0
P. gingivalis 13 21 33 44 40 36 36 19 5 3 1 3
n=254
Table 7B Mean IgG titers against periodontal bacteria, by group
1gG titer A. a. Pi. E. c. Pg
Healthy peri-implant tissue -0.18£0.53 -0.33+£0.49 -0.31+£0.44 3.58+£6.92
Peri-implant mucositis -0.17£0.75 -0.29+£0.43 —0.35+0.38 5.53+11.58
Peri-implantitis —0.22 +0.49 -0.21 £0.97 -0.27 £0.72 6.87 + 11.12

Mean + SD

same oral cavity. Mean bacterial counts of total bacteria,
A. a., and P, i. in the deepest PPD sites of natural teeth,
and mean bacterial counts of 4. a. at the implant site, were
very similar among the three groups. The mean bacterial
counts of total bacteria, P, i., and P. g. at the implant sites
of the peri-implantitis group were significantly higher
than those for the healthy peri-implant tissue and peri-
implant mucositis groups. The mean bacterial count of
P g. at natural teeth sites of the peri-implantitis group
was significantly higher than in the healthy peri-implant

tissue group (Table 6B). Table 7A shows the results of
IgG titers against periodontal bacteria (4. a., P. i., E. c.,
and P. g.). The IgG titer against P. gingivalis was highest
among these periodontal bacteria. We then divided the
participants into three groups (healthy peri-implant tissue,
peri-implant mucositis, and peri-implantitis), to examine
mean IgG titers. The mean IgG titers against 4. a., P, i.,
and E. c¢. were very low and quite similar. The mean IgG
titer of P. g. was highest in the peri-implantitis group;
however, the difference was not significant (Table 7B).



Table 8 Association between peri-implant diseases and clinical parameters of implants

mPIl mSBI PPD
Healthy peri-implant tissue 0.3+£0.6 0.0£0.0 27+1.2
sk ks ek
Peri-implant mucositis 1.0£0.7 [** 1.3£0.5 [** 39+£1.1 | **
sk o
Peri-implantitis 09+09 1.7+ 0.9 5.6+2.0

Mean + SD, **P < (.01

Table 9A Association between history of peridontal diseases and peri-implant diseases

History of peridontal diseases before implant treatment Healthy peri-implant tissue ~ Peri-implant mucositis

Peri-implantitis

Healthy 2 (100%) 0 0
Gingivitis 2 (25%) 6 (75%) 0

Slight CP 52 (71.2%) 13 (17.8%) 8 (11.0%)
Moderate CP 66 (56.9%) 40 (34.5%) 10 (8.6%)
Severe CP 30 (45.5%) 29 (43.9%) 7 (10.6%)
Aggressive periodontitis 0 1 (50%) 1 (50%)

Table 9B Occurrence of peri-implant diseases in the slight, moderate and severe CP patients

Peri-implant diseases Significance (P-value)

History of chronic

- o, Healthy peri- Peri-implant Peri-implantitis
eriodontitis yp p p
p 1t implant tissue mucositis (PM) (P1) Healthy vs PM  Healthy vs PI PM vs PI
Slight CP 52 13 8 8.33E-11 1.35E-13 0.238
Moderate CP 66 40 10 0.00061 4.74E-14 1.67E-06
Severe CP 30 29 7 0.861 8.31E-06 1.71E-05

Table 8 shows data on the associations of peri-implant
diseases with clinical parameters (mPIl, mSBI, and PPD).
The scores for clinical parameters were significantly
higher in the peri-implant mucositis and peri-implantitis
groups than in the healthy peri-implant tissue group. The
mSBI scores and PPD were significantly higher in the
peri-implantitis group than in the peri-implant mucositis
group.

Analysis of the association between history of peri-
odontal diseases and peri-implant diseases is shown in
Table 9A. Periodontal condition before implant treatment
was classified into six groups (healthy, gingivitis, slight
CP, moderate CP, severe CP, and aggressive periodon-
titis). Among patients with slight CP, moderate CP, or
severe CP before implant treatment, 71.2%, 56.9%, and
45.5%, respectively, had healthy peri-implant tissue;
17.8%, 34.5%, and 43.9% had peri-implant mucositis;
and 11%, 8.6%, and 10.6% had peri-implantitis. The
chi-square test for independence was used to test the null
hypothesis that history of periodontitis before implant
treatment and the extent of peri-implant disease were
independent. The results indicated that slight CP was
significantly associated with healthy peri-implant tissue
and that moderate and severe CP were significantly asso-

ciated with healthy peri-implant tissue and peri-implant
mucositis (Table 9B).

Discussion

We investigated a sample of patients who had been treated
for periodontitis in dental hospitals or private dental
clinics before implant placement. They had received
one or more implants, were followed for more than 3
years after loading, and were consecutively examined at
periodontal maintenance appointments. The prevalences
of peri-implant mucositis and peri-implantitis were
33.3% and 9.7%, respectively. Estimating the frequency
of peri-implant disease is difficult and depends greatly
on assessment procedures. Variability in the prevalence
of peri-implant disease might be attributable to differ-
ences between studies in the clinical parameters used to
assess and define the disease. In the present study, we
used the diagnostic criteria suggested in the Consensus
of the Seventh European Workshop on Periodontology.
Peri-implant mucositis was defined as bleeding on gentle
probing, and peri-implantitis was defined as changes in
the level of the crestal bone in conjunction with BOP.

Previous studies reported varying prevalence and inci-
dence rates for peri-implant disease, perhaps because of



variation in the duration of prosthesis use (1,35). Studies
of the incidence of peri-implant disease suggest that the
follow-up period for an implant system should be at least
5years (8,35). In the present study, the average functional
duration was 76.6 months (6.38 years); thus, we believe
that the present results are valid.

Different types of implant systems were used in this
study, and variability in surface characteristics could
have influenced the prevalence of peri-implant diseases
(17,36). However, no clinical differences were seen
between the systems, as the vast majority of fixtures used
a TiUnite (28.5%), SLA surface (15.4%), or hydroxyapa-
tite coating (12.0%).

Zupnik et al. reported that implant failure was strongly
associated with diabetes (37), whereas another report
found no association (38). In this study, diabetes was not
associated with the development of peri-implant diseases,
perhaps because only a small number of patients with
diabetes were enrolled.

Smoking was identified as a strong risk factor for
peri-implant diseases (6,15,35,38-41). As compared with
nonsmokers, smokers have a 31-fold chance of having
peri-implantitis (39). However, a previous study (40)
reported peri-implantitis rates of 23.53% for smokers
and 16.51% for nonsmokers, but the difference was not
significant. Twenty-two smokers, 52 former smokers,
and 193 nonsmokers were included in the present study.
Among the 22 smokers, eight (36.4%) had peri-implant
mucositis, but none had peri-implantitis (0%). Among
the 52 former smokers, 17 (32.7%) had peri-implant
mucositis, and four had peri-implantitis (8%). Among
the 193 nonsmokers, 64 (33.2%) had peri-implant muco-
sitis, and 22 had peri-implantitis (11.4%). These results
suggest that smoking is not associated with development
of peri-implant diseases.

It remains unclear whether a zone of keratinized
mucosa is required to maintain the health of peri-implant
tissue. Several reviews noted insufficient evidence for the
need for keratinized mucosa around implants to maintain
peri-implant tissue health (16,35,42,43). In the present
study, the width of keratinized mucosa was not associ-
ated with development of peri-implant diseases.

The effects of implant overload on bone and implant
loss in clinically well-integrated implants have not been
comprehensively studied. In animal experiments, over-
load mimicked by supra-occlusal contacts in the presence
of inflammation significantly increased plaque-induced
bone resorption (44). With respect to implant prosthodon-
tics, the risk for peri-implantitis was 3.6 times higher for
cemented restorations, 2.4 times higher when wear facets
were present on the prosthetic crown, and 16.1 times

higher for full-mouth rehabilitations (45). In the present
study, prosthesis type (screw- or cement-retained) was
not significantly associated with peri-implant diseases
(Table 2B).

P intermedia counts were significantly higher at
implant sites in the peri-implantitis group, and P. gingi-
valis counts were higher in the implant and natural-teeth
sites in the peri-implantitis groups (Table 6B). Therefore,
P intermedia and P. gingivalis might be associated
with development of peri-implantitis. However, several
recent studies reported that the microbial composition of
biofilm was more complex in peri-implant disease than in
periodontal disease. The prevalence of periodontopathic
bacteria is not high in peri-implantitis (26,27,46,47).
Future studies may help to clarify these findings.

IgG titers were significantly higher in periodontitis
patients than in healthy controls, especially among
those with sites of PPD greater than 4 mm (33). The
mean IgG titer against P. gingivalis was highest in the
peri-implantitis group; however, the differences were not
statistically significant (Table 7B).

Previous studies suggest that oral hygiene conditions
are an important variable associated with peri-implant
health (9,48,49). In this study, high index scores for mPI1I
were significantly associated with development of peri-
implant mucositis and peri-implantitis. In addition, high
index scores for mSBI and deeper PPD were significantly
associated with development of peri-implant mucositis
and peri-implantitis (Table 8). These results suggest that
a high plaque score increases the risk of developing peri-
implant diseases. Thus, patient compliance, including
plaque control and supportive therapy, may be important
in peri-implant diseases.

Several studies reported that individuals with histories
of periodontal disease appear to have a higher risk of
peri-implant diseases (13,14,50). In the present study,
we divided patients with CP into three groups (slight,
moderate, and severe CP). The presence of slight CP
before implant treatment was significantly associated
with healthy peri-implant tissue, and the presence of
moderate or severe CP was significantly associated with
healthy peri-implant tissue and peri-implant mucositis
(Table 9A, B).

In conclusion, the patient-based prevalences of peri-
implant mucositis and peri-implantitis were 33.3% and
9.7%, respectively. These values are lower than those
reported previously. The present results suggest that poor
oral hygiene and a history of periodontitis are strong risk
factors for peri-implant diseases. Patient compliance
with elements such as periodontal therapy before and
after implant placement, plaque control, and supportive
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therapy may be crucial in maintaining the health of peri-
implant tissue.
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