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Abstract Background/purpose: History of periodontitis is a well-documented risk indicator
of peri-implantitis. However, the influence of severity of periodontitis is still unclear, espe-
cially for severe periodontitis. This study was aimed to investigate the prevalence of peri-
implant disease and analyze the risk indicators in patients with treated severe periodontitis.
Materials and methods: A total of 182 implants from 88 patients (44 males and 44 females)
with severe periodontitis with a mean fellow-up period of 76.5 months were enrolled in this
study. Patient and implant information, and periodontal and peri-implant conditions were
collected to evaluate the prevalence of peri-implant disease and risk indicators.
Results: The prevalence of peri-implantitis was 9.1% and 6.6% at the patient-level and implant-
level. The prevalence of peri-implant mucositis was 76.1% and 51.1% at the patient-level and
implant-level. Risk indicators of peri-implantitis included older age (OR: 1.132), poor proximal
cleaning habits (OR: 14.218), implants in anterior area (OR: 10.36), poor periodontal disease
control (OR: 12.76), high peri-implant plaque index (OR: 4.27), and keratinized tissue width
(KTW)＜2 mm (OR: 19.203).
Conclusion: Implants in patients with severe periodontitis after periodontal treatment and
maintenance show a low prevalence (9.1%) of peri-implantitis and a relatively high prevalence
(76.2%) of peri-implant mucositis. Patient age, peri-implant proximal cleaning habits, implant
position, periodontal disease control, peri-implant plaque index, and KTW are associated with
prevalence of peri-implantitis.
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Introduction

Dental implants have become a common method of
replacing missing teeth, with a relatively high success
rates.1 However, many studies reported that the patient
with periodontitis history showed lower survival rate of
implantation compared with periodontal healthy
opeople.2e4 Biological complications, including peri-
implant mucositis and peri-implantitis played an impor-
tant role. Peri-implantitis may result in loss of peri-implant
supporting bone,5 which is also one of the main reasons for
late implant failure.6

Periodontal disease is a chronic inflammatory disease
characterized by gingival inflammation as well as connec-
tive tissue and alveolar bone destruction.7 Periodontitis is
the most common dental disease globally and one of the
major threats for tooth loss worldwide.8 When lost teeth
were replaced by implants in patients with periodontitis,
the periodontal pathogens would spread from periodontal
pockets to the peri-implant soft tissue. These pathogens
might induce the inflammation in peri-implant tissue. The
peri-implant disease would develop, and finally result in
implant failure.9 Implant surgery should start only after
periodontal treatment with periodontal inflammation
controlled. Besides, it was reported that even after peri-
odontal therapy, the prevalence of peri-implant disease in
patients with periodontitis history was higher than that in
periodontal health patients.10,11 It is important to control
periodontal inflammation for the maintenance of peri-
implant health.12e14

Stage III and IV periodontitis in 2018 new classification
means that serious destruction of periodontium have
occurred and represents severe periodontitis,15 which have
serious destruction of periodontium. Usually, patients with
stage III and IV periodontitis may still have residual peri-
odontal pockets even after periodontal treatment.16

Studies about the prevalence of peri-implant disease in
patients with severe periodontitis are limited, and the
relationship between periodontal disease control and peri-
implant disease is still unclear.

Therefore, the purpose of this retrospective study is to
observe the prevalence of peri-implant disease in patients
with treated severe periodontitis during the long-term
follow-up after implant restoration, and analyze the
related risk indicators of peri-implantitis.
Materials and methods

Patient selection

Subjects were screened from patients with severe peri-
odontitis, who received implant therapy from 2008 to 2018
in the department of periodontology at Peking University
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School and Hospital of Stomatology. According to the pre-
vious records and clinical data (full-mouth periodontal
chartings and radiographic examination) before implants
were inserted, diagnosis was re-made by the new classifi-
cation in 2018. Two implant systems, Straumann (Institute
Straumann AG, Basel, Switzerland) and Bicon (Bicon LLC,
Boston, MA, USA) were used in these patients. Totally 88
patients with 182 implants were involved in this study, and
followed up at least 4 years since the final restoration
finished. The ethical committee of the Peking University
Hospital of Stomatology gave the study approval with the
approval code PKUSSIRB-202283178.

Inclusion criteria were: 1) patients were diagnosed as
stage III or IV periodontitis by the new classification in 2018,
with at least 15 natural teeth; 2) patients received implant
therapy from 2008 to 2018 in the department of periodon-
tology at Peking University School and Hospital of Stoma-
tology; 3) single implant supported or 3e4 units implant-
supported fixed partial denture; 4) standardized profes-
sional periodontal treatments were undertaken before the
implants were inserted; 5) preoperative and postoperative
clinical data were complete.

Exclusion criteria were: 1) patients with severe systemic
diseases, such as uncontrolled diabetes, and mental or
psychological diseases influencing daily oral maintenance;
2) patients experienced pregnancy or lactation during
follow-up.

Patient and implant information were collected. Clinical
and radiologic examination were done to obtain peri-
odontal and peri-implant data.

Patient information

Patient information of gender, age and patients self-
administered oral hygiene habits was collected. For oral
hygiene habits, brushing and peri-implant proximal clean-
ing habits were enquired and recorded. If brushing teeth
were done at least 2 times per day and at least 3 min each
time, brushing habit was fair, otherwise was poor. If peri-
implant proximal cleaning was done by daily frequency, the
proximal cleaning habit was fair, otherwise was poor.

Implant information

Information of implant system, type (bone level or tissue
level), position (anterior or posterior), implant diameter
and length were collected.

Periodontal examination

Probing depth (PD) and bleeding on probing (BOP) were
recorded at six sites each tooth throughout the entire
mouth using a Williams probe. Patients were classified into
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Table 1 Peri-implant conditions after at least 4 years
function in stage III or IV periodontitis patients.

Peri-implant
conditions

Patient-level
(N Z 88)

Implant-level
(n Z 182)

Healthy 20 (22.7%) 77 (42.3%)
Mucositis 67 (76.2%) 93 (51.1%)
Peri-implantitis 8 (9.1%) 12 (6.6%)

P.-X. Lv, J.-S. Zhong, X.-Y. Ouyang et al.
two groups. Patients who presented with >10% sites with
PD � 5 mm and >40% sites with BOP (þ) were classified into
group A; others were classified into group B.

Peri-implant examination

Peri-implant clinical examination included peri-implant
probing depth (iPD), peri-implant bleeding index (iBI, ac-
cording to Mazza’s Bleeding Index), peri-implant plaque
index (iPlI), and keratinized tissue width (KTW). Marginal
bone level (MBL) change was calculated from peri-implant
radiologic examination. Mesial and distal bone level was
measured by The Geometer’s Sketchpad (version 5.06; Key
Curriculum Press, Emeryville, CA, USA) on the radiographs
of baseline (immediately after loading) and last follow-up,
and the difference was calculated to represent the MBL
change. Mean value of mesial and distal change was used
for statistical analysis. Peri-implant conditions were diag-
nosed as healthy, peri-implant mucositis and peri-
implantitis according to the 2018 new classification.5

Patients self-administered oral hygiene habits

Brushing and peri-implant proximal cleaning habits were
enquired and recorded. If brushing teeth were done at least
2 times per day and at least 3 min each time, brushing habit
was fair, otherwise was poor. If peri-implant proximal
cleaning was done by daily frequency, the proximal clean-
ing habit was fair, otherwise was poor.

Statistical analysis

The characteristics for patient, implant, periodontal and
peri-implant status were compared between groups with
and without peri-implantitis. Variables were presented as
mean � SD/N (%). Student t test (normal distribution) and
ManneWhitney (non-normal distribution) were performed
for continuous variables and c2 tests were used for cate-
gorical variables. If proven to be statistically significant,
the Bonferroni test was used to perform multiple compar-
ison. Patient gender, age, brushing and peri-implant prox-
imal cleaning habits, implant length, diameter, type,
position, periodontal disease control, and peri-implant
related parameters were analyzed to identify the poten-
tial risk factor for peri-implantitis by univariate analysis.
The variables with P < 0.05, as well as age and gender,
were entered to multivariate binary logistic regression. The
final model selection for the multivariate logistic regression
analysis was performed by a backward step-down selection
process using a threshold of P < 0.05. All the statistical
analyses were performed with SPSS software (version 27.0;
IBM Corp., Armonk, NY, USA).

Results

A total of 182 implants from 88 patients (44 males and 44
females) were enrolled. The age of patients ranged from 35
to 77 years, with an average age of 53.3 � 9.8 years. There
were 12 (13.6%) current smoking patients. Of 88 patients,
32 (36.4%) patients have poor brushing habits, and 26
896
(29.5%) for poor peri-implant proximal cleaning habits. Of
the 182 implants, 158 (86.8%) were Straumann and 24
(13.2%) were Bicon; 86 (47.3%) were tissue level implants,
96 (52.7%) were bone level implants; 26 (14.3%) implants
were used in anterior area, 156 (85.7%) for posterior area.

All implants functioned 54e146 months (average
76.5months) after restoration in stage III or IV periodontitis
patients. The prevalence of peri-implantitis was 9.1% at the
patient-level and 6.6% at the implant-level. The prevalence
of peri-implant mucositis was 76.1% at the patient-level
and 51.1% at implant-level respectively (Table 1).

Relationships between peri-implant conditions and
periodontal status

According to the periodontal status of residual natural
teeth, patients were classified into two groups, group A for
patients with >10% sites with PD � 5 mm and >40% sites
with BOP (þ); others for group B. There were 21 patients
with 41 implants in Group A, and 67 patients with 141 im-
plants in Group B.

As shown in Table 2, the subjects in Group A had
significantly deeper peri-implant PD, higher peri-implant
bleeding index and plaque index, compared with Group B
(P＜0.001). The peri-implant marginal bone level was lower
in Group A than Group B, but no statistical significance was
observed (MBL change: �0.52 � 1.39 mm vs.
�0.08 � 0.35 mm, P > 0.05).

The prevalence of peri-implant mucositis and peri-
implantitis in Group A was significantly higher than Group
B (73.2% vs. 44.7%, P < 0.05; 17.1% vs. 3.5%, P < 0.05) and
the percentage of peri-implant health were significantly
lower in Group A (9.8% vs. 51.8%, P＜0.05) (Table 3).

Risk indicators for peri-implantitis

The univariate analysis was done to investigate the rela-
tionship between peri-implantitis and patient-related,
implant-related, periodontal-related factors and peri-
implant-related factors. The results including gender, age
and the significant factors were listed in Table 4. For the
patient-related factor, poor peri-implant proximal cleaning
habits was found to be associated with prevalence of peri-
implantitis (OR Z 4.267). For the implant-related factor,
bone level implant and anterior position were found to be
associated with prevalence of peri-implantitis (OR Z 4.884
and 7.5, respectively). For the periodontal-related factors,
poor periodontal disease control (Group A represented poor
control) was found to be associated with prevalence of
peri-implantitis (OR Z 5.6). For the peri-implant-related



Table 2 Comparison of peri-implant parameters in different periodontal status.

Group A (N Z 21, n Z 41) Group B (N Z 67, n Z 141) P

iPD 4.10 � 1.63 mm 3.05 � 0.74 mm ＜0.001***
iBI 2.11 � 1.10 1.06 � 0.90 ＜0.001***
iPII 1.05 � 0.7 0.62 � 0.52 ＜0.001***
MBL change �0.52 � 1.39 mm �0.08 � 0.35 mm 0.259

iPD: peri-implant probing depth; iBI: peri-implant bleeding index; iPlI: peri-implant plaque index; MBL: marginal bone level; ***: P＜
0.001.

Table 3 Prevalence of peri-implant disease in different periodontal status.

Group A (n Z 41) Group B (n Z 141) P

Healthy (N Z 77) 4 (9.8%) 73 (51.8%)# ＜0.001***
Mucositis (N Z 93) 30 (73.2%) 63 (44.7%)#

Peri-implantitis (N Z 12) 7 (17.1%) 5 (3.5%)#

Group A: patients who presented with >10% sites with PD � 5 mm and >40% sites with BOP (þ); Group B: patients who weren’t classified
into Group A; ***: P < 0.001; #: significant differences compare with group A.
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factors, KTW<2 mm and iPlI were found to be associated
with prevalence of peri-implantitis (ORZ 6.037, and 5.749,
respectively).

The factors demonstrated significance in the univariate
analysis were selected for further multivariate analysis. The
result of the multivariate analysis showed peri-implantitis
associated with patients with older age (OR: 1.132, 95%CI:
1.02,1.257), poor proximal cleaning habits (OR: 14.218, 95%
Table 4 Univariate and binary logistic regression analysis of fa

Variables Non-peri-implantitis
(n Z 170)

P
(n

Gender
Male 85 (50%) 7
Female 85 (50%) 5

Age (years) 53.74 � 9.63 5
Proximal cleaning
Fair 129 (70.9%) 5
Poor 41 (29.1%) 7

Implant type
Tissue level 84 (49.4%) 2
Bone level 86 (50.6%) 1

Implant position
Anterior 20 (11.8%) 6
Posterior 150 (88.2%) 6

Periodontal disease control
Poor (Group A) 136 (80%) 5
Fair (Group B) 34 (20%) 7

KTW
�2 mm 138 (81.2%) 5
<2 mm 32 (18.8%) 7

iPlI 0.66 � 0.55 1

OR: odds ratio; CI: confidence interval; Group A: patients who presen
Group B: patients who weren’t classified into Group A; KTW: keratin
P < 0.01, ***: P < 0.001.
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CI: 1.898,106.479), poor periodontal disease control (OR:
12.76, 95%CI: 1.746,93.252), implants in anterior area (OR:
10.36, 95%CI: 1.379,77.81), high peri-implant plaque index
(OR: 4.27, 95%CI: 1.147,15.899), keratinized tissue width＜
2 mm (OR: 19.203, 95%CI: 2.659,138.699) after adjustment
for age and gender (Table 5). Implant type (bone level or
tissue level) without significance were excluded from the
full model.
ctors associated with peri-implantitis.

eri-implantitis
Z 12)

OR (95%CI) P

0.714 (0.218,2.339) 0.578
(58.30%)
(41.7%)
7.42 � 6.14 1.034 (0.972,1.100) 0.291

4.267 (1.286e14.157) 0.018*
(33.3%)
(66.7%)

4.884 (1.039e22.956) 0.045*
(16.7%)
0 (83.3%)

7.5 (2.205e25.506) 0.001**
(50%)
(50%)

5.6 (1.674e18.735) 0.005**
(41.7%)
(58.3%)

6.037 (1.8e20.254) <0.001***
(41.7%)
(58.3%)
.49 � 0.66 5.749 (2.388e13.842) <0.001***

ted with >10% sites with PD � 5 mm and >40% sites with BOP (þ);
ized tissue width; iPlI: peri-implant plaque index; *: P < 0.05, **:



Table 5 Multivariate and binary logistic regression analysis of factors associated with peri-implantitis.

Variable OR (95%CI) P

Age 1.132 (1.02e1.257) 0.02*
Poor proximal cleaning 14.218 (1.898e106.479) 0.01*
Anterior position 10.36 (1.379e77.81) 0.023*
Poor periodontal disease control 12.76 (1.746e93.252) 0.012*
KTW<2 mm 19.203 (2.659e138.699) 0.003**
iPlI 4.27 (1.147e15.899) 0.03*

OR：odds ratio; CI：confidence interval; KTW: keratinized tissue width; iPlI: peri-implant plaque index; *: P < 0.05, **: P < 0.01.
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Discussion

In this study, peri-implant condition was investigated in
patients with severe periodontitis (stage III or IV peri-
odontitis according to the 2018 new classification). After at
least 4 years (average over 6 years) loading, all implants
survived and functioned. The prevalence of peri-implantitis
at patient level and implant level were 9.1% and 6.6%,
respectively, which was relatively low when compared with
that of 10.2% within 6.8 years and 26% within 3e16 years in
previous study among patient with periodontitis history.2,17

High success rate is related to the standardized professional
periodontal treatments before the implant surgery, delib-
erate treatment plan and operation, meticulous mainte-
nance therapy.

High prevalence of mucositis, 76.2% at patient level and
51.1% at implant level, was also observed in these severe
periodontitis patients. Inflammation played an important
role in periodontitis and peri-implant diseases, and they
shared many common pathogenic factors, such as smoking,
diabetes, poor oral hygiene, etc.18e20 So long-term careful
follow-up was required to control the inflammation level of
tissues around both natural teeth and implant-supported
denture.

In the logistic regression analysis of indicators associated
with peri-implantitis, peri-implant proximal cleaning
habits, implant type and position, periodontal disease
control, KTW and peri-implant PlI were identified.

Plaque is the initiating factor of periodontitis and peri-
implant diseases.21 A wide range of studies have shown that
microorganisms associated with periodontitis can cause
implant related biological complications, such as: Por-
phyromorts gingivalis, Treponema denticola, etc.22e24

Periodontitis involved teeth could be regarded as carriers
of peri-implant related pathogens.25 In this study, two
plaque-related factors, patients self-administered peri-
implant proximal cleaning and peri-implant plaque index
were both shown to be associated with the prevalence of
peri-implantitis. Home and professional plaque control
needs to be emphasized throughout the maintenance.

In our study, patients were classified into 2 groups.
Group A represented for poor periodontal disease control
patients (>10% sites with PD � 5 mm and >40% sites with
BOP); group B for fair control patients. Worse clinical pa-
rameters (PD, BI, PlI and MBL) around implants and higher
prevalence of peri-implant diseases (both peri-implant
mucositis and peri-implantitis) were found in Group A.
898
Although grouping criteria were different in previous
studies, all the results consistently indicated the associa-
tion between periodontal status and peri-implant diseases.
Wang et al. classified the patient’s periodontal status as
poor (�5% sites with PD � 4 mm and �30% sites with BOP)
and fair periodontal status (<5% sites with PD � 4 mm and
<30% sites with BOP).12 Peri-implant PD and BI in the poor
group were significantly higher than fair group.12 Heitz-
Mayfield et al. proposed the “Implant Disease Risk Assess-
ment “(IDRA).11 The diagram of IDRA include number of
residual periodontal pocket (�PD 5 mm), BOP (þ) %, history
of periodontitis, bone loss/age, perio susceptibility, sup-
portive periodontal therapy, restorative margin to bone,
prosthesis. When patient with the number of residual
periodontal pocket �6 sites and/or �25% sites with BOP,
she or he were considered as high risk for peri-implant
diseases.11 Zhang et al. also found that periodontal status
had an impact on the prevalence of peri-implantitis. Their
results showed that �10% of sites with PD � 6 mm and �30%
of sites with BI � 3 significantly influence on the prevalence
of peri-implantitis.26

Two implant systems were involved in this study and
tooth level implants seemed to have less peri-implantitis.
Further studies with more implant systems could be needed
to explain the role of different implant design in prevalence
of peri-implant disease.

In conclusion, in our study, implants in patients with
severe periodontitis after periodontal treatment and in
maintenance showed low prevalence (9.1%) of peri-
implantitis and relatively high prevalence (76.2%) of peri-
implant mucositis. Peri-implant proximal cleaning habits,
implant type and position, periodontal disease control,
KTW and peri-implant PlI were associated with prevalence
of peri-implantitis.
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