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Purpose: This retrospective study evaluated the relationship between the timing of peri-
implantitis diagnosis and marginal bone level after a 5-year follow-up of non-surgical peri-
implantitis treatment.
Methods: Thirty-three patients (69 implants) were given peri-implantitis diagnosis in 2008-
2009 in Seoul National University Bundang Hospital. Among them, 31 implants from 16 
patients were included in this study. They were treated non-surgically in this hospital, and 
came for regular maintenance visits for at least 5 years after peri-implantitis treatment. 
Radiographic marginal bone levels at each interval were measured and statistical analysis 
was performed.
Results: Timing of peri-implantitis was one of the significant factors affecting initial bone 
loss and total bone loss not additional bone after peri-implantitis diagnosis. Patients with 
cardiovascular disease and diabetic mellitus were positively influenced on both initial bone 
loss and total bone loss. Patients who needed periodontal treatment after implant place-
ment showed a negative effect on bone loss compared to those who needed periodontal 
treatment before implant placement during entire periods. Implant location also signifi-
cantly influenced on amounts of bone loss. Mandibular implants showed less bone loss 
than maxillary implants. Among surgical factors, combined use of autogenous and xeno-
genic bone graft materials showed a negative effect on bone loss compared to autogenous 
bone graft materials. Use of membrane negatively affected on initial bone loss but posi-
tively on additional bone loss and total bone loss. Thread exposure showed positive effects 
on initial bone loss and total bone loss.
Conclusions: Early peri-implantitis diagnosis led to early non-surgical intervention for peri-
implantitis treatment, which resulted in the maintenance of the bone level as well as pres-
ervation of the implant.
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INTRODUCTION

Dental implants have become a highly successful and routine treatment option for the 
replacement of lost teeth, with a survival rate of more than 89% reported during 10–15 
years of follow up [1-3]. However, the prevalence of peri-implant diseases can limit clinical 
success and impose health and financial burdens to patients and health providers [4,5]. Peri-
implant diseases following successful integration of an endosseous implant are reported to 
be the result of an imbalance between bacterial load and host defense [6,7]. Bacterial accu-
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mulation initiates the inflammatory response of soft tissue around 
dental implants similar to periodontal tissue [8,9]. Peri-implant dis-
eases may affect the peri-implant mucosa only (peri-implant mu-
cositis) or also involve the supporting bone (peri-implantitis) [10]. 
The prevalence of peri-implant mucositis has been reported in the 
range of 39.4-80%, while the frequency of peri-implantitis has 
been reported to occur in 11.3-47.1% of cases [11-15]. Diagnosis of 
peri-implantitis is including the marginal bone loss around implants 
in radiography with clinical examination of increase of pocket 
depth, presence of bleeding on probing and suppuration [7,16].

If peri-implant infection is diagnosed, there are many therapeu-
tic options to avoid implant removal [17]. To limit the progression 
of the disease, physical removal of the bacterial plaque biofilms is 
essential either through a non-surgical method or a surgical meth-
od [18,19]. Lang et al. [19-21] suggested a sequential and cumula-
tive fashion, referred to as the cumulative interceptive supportive 
therapy (CIST) protocol for peri-implantitis treatment: (1) mechan-
ical debridement to remove the biofilm from the implant; (2) anti-
septic treatment to decontaminate the implant surface; (3) antibi-
otic treatment to eliminate infectious bacteria in the surrounding 
peri-implant tissues; and (4) resective surgery/regeneration to re-
establish the bone–implant interface (i.e., re-osseointegration). 
Only when peri-implantitis causes complete loss of osseointegra-
tion, resulting in mobility of the implant, is extraction indicated.

However, the design of the suprastructure may hinder measure-
ments of the probing pocket depth of the infected implants at reg-
ular maintenance and cause delay in peri-implantitis diagnosis. If 
undiagnosed, peri-implant disease may lead to complete loss of os-
seointegration and eventual implant loss. Hence, regular radio-
graphical check-up for marginal bone loss has been emphasized for 
early detection of peri-implantitis [22, 23]. Early peri-implantitis di-
agnosis is followed by early intervention surgically or non-surgical-
ly, which may be beneficial for maintaining marginal bone level af-
ter peri-implantitis diagnosis. According to Charalampakis et al.’s 
study [24], early development of peri-implantitis was significantly 
associated with implant failure. Consequently, early detection of 
peri-implantitis and following interventions for peri-implantitis 
treatment is critical for the survival of peri-implantitis involved im-
plants. However, there have been exceptionally few studies on the 
relationship between timing of peri-implantitis diagnosis (time re-
quired for diagnosis as peri-implantitis after completion of pros-
thetic procedures) and prognosis of peri-implantitis treatment. 
Therefore, this study aimed to reveal that early detection of disease 
could be beneficial on the preservation of marginal bone after peri-
implantitis diagnosis.

In this study, the effect of timing of peri-implantitis diagnosis 
was investigated in patients who had been non-surgically treated 
and regularly visited for follow-up examinations for more than 5 
years. The aim of this study was to determine whether early diag-
nosis and non-surgical treatment can result in a favorable outcome 
in maintaining a marginal bone level.

 

MATERIALS AND METHODS

Patients
In this study, 33 patients (69 implants) who had been given diag-

noses as peri-implantitis from 2008 to 2009 at the Department of 
Dentistry in Seoul National University Bundang Hospital were in-
cluded. This study was approved by the Institutional Review Board 
of Seoul National University Bundang Hospital (IRB No: B-1111-
139-107).

Peri-implantitis was diagnosed by both clinical and radiographic 
examinations such as the presence of plaque, the presence of bleed-
ing on probing, suppuration, more than 4 mm of probing pocket 
depth, and more than 2 mm bone loss on radiologic evaluation [16]. 
After peri-implantitis was diagnosed, patients had a non-surgically 
or surgically treatment according to CIST protocol (Supplementary 
Table 1). Non-surgical treatment was mainly performed as follows; 
curettage of granulation tissues, laser detoxification (Er-YAG laser 
therapy coding as peri-implantitis treatment: tip; 2061-cylinder, En-
ergy;100 mJ, frequency; 10Hz, Irrigation on, Manufactured by K.e.y 
Laser®, KaVo, Biberach, Germany), chlorhexidine irrigation, and mi-
nocycline ointment injection. Surgical debridement with flap eleva-
tion was performed as surgical treatment. At the recurrence of in-
flammatory symptom such as bleeding on probing and pus dis-
charge with pocket depth >4 mm, re-treatment was performed 
(1-8 times during the observation period). Regular plaque control 
and oral health education were performed regardless of non-surgi-
cal and surgical treatment of peri-implantitis. Professional tooth 
cleaning procedures were performed at the regular recall-check by 
dental hygienist.

A retrospective review of all 69 cases was accomplished using 
the dental charts and radiographs. Data were collected on diagno-
sis of chronic periodontitis [25], periodontal treatment before or 
after implant placement, location of implants, date of implant 
placement, implant type (external or internal type), implant diam-
eter, lengths, bone regeneration procedures, bone graft materials 
and barrier membrane used in bone regeneration procedures, ex-
posure of implant thread at the implant placement, residual bone 
heights at the sinus window procedures, date of loading, type of 
prosthesis (splinted or single), probing pocket depths at diagnosis 
of peri-implantitis, and treatment modalities after peri-implantitis 
diagnosis and during follow-up periods. In regard to the medical 
condition, medical records from this hospital were reviewed. For 
cardiovascular disease (CVD), a history of disease was assigned, re-
gardless of disease severity and included angina, stroke, ischemia 
and high blood pressure with medication [26].

For statistical analysis, 13 patients (23 implants) among 33 pa-
tients (69 implants) were excluded due to their missing data (Fig. 
1). Since they had given implant treatment in other clinic, we 
could not access their radiographs and records before peri-implan-
titis diagnosis. Additionally, 8 patients with 10 implants were ex-
cluded because of their follow-up periods with less than 5 years 
after peri-implantitis diagnosis. At last, only non-surgically treated 
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three measurements before and after examination. When compar-
ing the marginal bone height, the junction of the abutment and 
implant fixture in the radiograph was used as the primary refer-
ence point. Radiographs were taken with the parallel technique 
(Heliodent DS; Sirona Dental Systems, Bensheim, Germany/ Schick 
Sensor, Schick Technologies, Long Island City, NY, USA) by a trained 
radiologist. The distance between the implant-abutment junction 
on the mesial and distal side of the implant and the top of the al-
veolar crest in periapical radiographs were measured. The values of 

Figure 2. Measurements of the marginal bone level. a: Marginal bone level 
on the mesiobuccal side of implant (mm), b: Marginal bone level on the me-
siolingual side of implant (mm), c: Marginal bone level on the distobuccal 
side of implant (mm), d: Marginal bone level on the distolingual side of im-
plant (mm).
Marginal bone level (mm)=(a+b+c+d)/4.

Figure 1. Flow diagram of inclusion and exclusion criteria of this retrospec-
tive study.

33 patients (69 implants)
who were given peri-implantitis

diagnosis in 2008-2009

20 patients (41 implants)
who were given peri-implantitis

diagnosis in 2008-2009

13 patients (28 implants)
who were not given the implant treatment in this clinic
were excluded due to unavailable information at the

situation of implant placement and loading

3 patients (8 implants)
who were followed up less than 5 years

1 patients (2 implants)
who were surgically treated

17 patients (3 implants)
who were given peri-implantitis

diagnosis in 2008-2009

16 patients (31 implants)
who were includedin statistical

analysis

Figure 3. Outline of this study. Radiographic measurements were performed at each interval (A, B, and C). Values are representing mean±SD months at each 
interval.

Implant placement

ARadiographic measurements

Initial bone loss (B-A)

Total bone loss (C-A)

Additional bone lose (C-B)

B C

5.23±2.840 22.77±17.99 85.48±19.05 (months)

Loading Peri-implantitis diagnosis Follow-up (more than 5 years)

and more than 5 years followed-up implants (16 patients, 31 im-
plants) were included in statistical analysis, excluding one patient 
with surgically treated two implants.

Radiographic analysis
A radiographic examination was conducted by one examiner 

(Park SY), who did not participate in any treatment intervention 
including implant placement, peri-implantitis treatment and regu-
lar recall check. Intraclass correlation coefficient was 0.89 assessing 
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periapical radiographic images were saved in DICOM format (Digital 
Imaging and Communications in Medicine, PACS view) calculated 
as a mean value (Fig. 2). Initial bone level (2 weeks recall-check for 
re-tightening after final prosthesis delivery; A), diagnosis of peri-
implantitis (B), and 5 years after peri-implantitis diagnosis (C) were 
measured (Fig. 3). For measurement of marginal bone level at load-
ing, periapical radiographs taken at a check-up visit for re-tighten-
ing after final prosthesis delivery were applied.

Statistical analysis
Statistical analysis was performed using commercially available 

softwares (PASW Statics 18.0, SPSS Inc., Chicago, IL, USA;STATA/
SE13, Stata Corp, College Station, Texas, USA). To test the normality 
of data, Kolmogorov-Smirnova test was performed. To compare bone 
levels at each interval, paired t-test was done. To examine which 
variables affected the marginal bone level at each interval, Student’s 
t-test or one-way ANOVA was performed. To assess the variables af-
fecting bone loss between each interval, univariable linear regression 
analysis was performed. Using variables significantly affecting mar-
ginal bone level and bone loss at each interval with P<0.05, mixed 
effect regression model was constructed. A P-value of <0.05 was 
considered to indicate a statistically significant difference.

 

RESULTS

In total, 31 implants from 16 patients were included (Tables 1 
and 2, Fig. 4). Among 31 implants with peri-implantitis, 29 implants 
had a bone graft procedures at the implant placement; 6 implants 
of 29 implants had simultaneous bone graft procedures through 
lateral sinus window. A probing pocket depth of 6.19±2.75 mm 
was recorded and a 4.21±2.26 mm of marginal bone level from 
fixture-abutment connection was observed at peri-implantitis di-
agnosis. Marginal bone change at each interval was shown in Table 
3. The total survival period of all implants after loading was an av-
erage of 79.23±19.47 months (survival periods after implant place-

ment: 85.48±19.05 months). Three out of 31 implants were re-
moved from the jaw during follow-up periods. One implant of mo-
lar region in maxilla was failed at 59 months after peri-implantitis 
treatment. The other two implants were strategically removed for 
additional prosthetic procedures of adjacent missing teeth.

Factors affecting marginal bone levels at each interval
Marginal bone levels at each interval according to the variables 

were shown in Table 4. Implants in male patients were significantly 
deeper marginal bone level than those in female patients at each 

Figure 4. Radiographs of a 57-year-old woman who had an implant diagnosed as peri-implantitis. a) radiograph at implant loading, b) radiograph at peri-im-
plantitis diagnosis, c) radiograph 61 months after peri-implantitis treatment.
After diagnosis of peri-implantitis, she was non-surgically treated via curettage of granulation tissues, laser detoxification, chlorhexidine irrigation, and mino-
cycline ointment injection. After 5 years follow-up, bone formation above the defect was shown, comparing to those at peri-implantitis diagnosis.

A B C

Table 1. Characteristics of patients included in this study.

Characteristics N (%) (n=16)

Age, mean (SD), years 56.2 (10.6)

Gender

   Male 10 (63)

   Female 6 (37)

Systemic disease

   CVD + DM 3 (19)

   CVD 3 (19)

   None 10 (62)

Chronic periodontitis

   Diagnosed 12 (75)

   Undiagnosed 4 (25)

Number of implant per patients

   1 9 (47)

   2 3 (10)

   3 2 (6)

   4 1 (3)

   5 0 (0)

   6 1 (3)

CVD, cardiovascular disease; DM, diabetic mellitus. 
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interval (Table 4). In addition, patients with CVD and CM showed 
more significantly deeper marginal bone levels at each interval 
than healthy patients and patients with CVD. Among 31 implants, 
24 implants were placed in patients who had a diagnosis of peri-
odontitis, which did not significantly influence marginal bone lev-
els at each interval. Instead, patients who are needed to be peri-
odontally treated before implant placement showed significantly 
deeper marginal bone levels at each interval than those who were 
periodontally treated after implant placement.

In maxillary molar region, more significantly deeper bone levels 
at each interval were shown than mandibular molars and it was 

significant. Implant diameters and lengths did not significantly af-
fect marginal bone levels. During bone grafting procedures, use of 
membrane and thread exposure at implant placement significantly 
influenced the marginal bone levels. Most of implants were splint-
ed and it did not influence the marginal bone levels.

Mixed-effect regression analysis
To investigate the effects of variables on marginal bone loss, mul-

tivariable analysis was constructed using variables with factors af-
fecting marginal bone level (Table 4) and bone loss between each 
interval (Supplementary Table 2). As a result, mixed model regres-
sion analysis was performed at fixed variables of timing of peri-im-
plantitis diagnosis, bone level at loading, gender, systemic disease, 
periodontal status, location of implants, and surgical factors and 
random variables of patients. To avoid collinearity, bone level at 
peri-implantitis diagnosis was not included in this model (correla-
tion r=0.789, P<0.001 between timing of peri-implantitis diagnosis 
and bone level at peri-implantitis diagnosis).

Timing of peri-implantitis was one of the significant factors af-
fecting initial bone loss and total bone loss not additional bone af-
ter peri-implantitis diagnosis (Table 5). Patients with CVD and DM 
were positively influenced on both initial bone loss and total bone 
loss. Patients who needed periodontal treatment after implant 
placement showed a negative effect on bone loss compared to 
those who needed periodontal treatment before implant placement 
during entire periods. Implant location also significantly influenced 
on amounts of bone loss. Mandibular implants showed less bone 
loss than maxillary implants. Among surgical factors, combined use 
of autogenous and xenogenic bone graft materials showed a nega-

Table 2. Characteristics of implants included in this study.

Characteristics N (%) (n=31)

Periods until diagnosis of peri-implantitisa), mean (SD), months 22.8 (18.0)

Follow-up periods after peri-implantitis diagnosis, mean (SD),
   months

57.5 (10.6)

Location

   Molar 22 (71)

      Maxilla 9 (41)

      Mandible 13 (59)

   Incisors, premolar 9 (29)

   Maxilla 4 (44)

   Mandible 5 (56)

Diameter

   Wide (≥4.8 mm) 15 (48)

   Regular(3.85≤diameter<4.8 mm) 16 (52)

Length

   ≥13 mm 10 (32)

   10≤  and <13 mm 18 (58)

   <10mm 3 (10)

Thread exposure at implant placement

   Yes 14 (45)

   No 17 (55)

Bone graft procedures 29 (94)

   Bone graft material

      Autogenous 3 (10)

      Xeno 21 (72)

      Autogenous+xeno 5 (17)

   Membrane 15 (52)

   Simultaneous lateral sinus lifting procedures 6 (50)b)

Prosthetic type

   Single 5 (16)

   Splinted 26 (84)

a)Periods until diagnosis of peri-implantitis was defined as periods from 2 weeks recall-
check for re-tightening after final prosthesis delivery to diagnosis of peri-implantitis.
b)The percentage of simultaneous lateral sinus lift was calculated among implants 
placed in maxillary premolar and molar regions (n=12).

Table 3. Radiographic marginal bone level at each interval of non-surgically 
treated implants with more than 5 years follow-up periods after peri-implan-
titis diagnosis.

Mean (SD)

Marginal bone level at each interval (n=31)

   Initial bone level (A)a) 2.54 (1.58)

   Bone level at peri-implantitis (B) 4.21 (2.26)b)

   Bone level at 5 years follow-up (C) 4.72 (2.51)c)

Marginal bone level change between each interval (n=31)

   Initial bone loss (B-A) 1.68 (1.49)

   Additional bone loss (C-B) 0.57 (1.11)d)

   Total bone loss (C-A) 2.27 (1.72)e)

Paired-t test was conducted to compare bone levels at each interval (P-values are 
corrected by Bonferroni’s method due to multiple testing, significant level was P<0.05/3).
a)Initial bone level was defined as bone level at 2 weeks recall-check for re-tightening 
after final prosthesis delivery.
b)A statistical difference from (B) and (C) [(A) and (B) P<0.001; (B) and (C) P<0.001].
c)A significant difference between (A) and (B) [(A) and (B) P<0.001) ; (A) and (C) P=0.016].
d)A statistical difference from (C-B) and (C-A) [(B-A) and (C-B) P=0.002; (B-A) and (C-A) 
P<0.001].
e)A significant difference between (B-A) and (C-B) [(C-B) and (B-A) P=0.007; (C-B) and (B-
A) P=0.007].



Hee-Yung Chang et al.

dx.doi.org/10.5051/jpis.2015.45.3.82

www.jpis.org 87

Table 4. Marginal bone levels at each interval according to the factors.

Variables
Initial bone level (A) Bone level at peri-implantitis 

diagnosis (B)
Bone level after 5 years 

follow-up (C)

Mean (SD) P-value Mean (SD) P-value Mean (SD) P-value

Patient related factors

   Gender (n=31)

      Male 3.12 (1.78) 0.017a) 5.14 (2.13) 0.009a) 5.61 (2.59) 0.027a)

      Female 1.84 (0.92) 3.08 (1.92) 3.64 (1.99)

   Systemic disease (n=31)

      None 2.01 (1.09) 0.008a) 3.73 (2.03) 0.025a) 4.35 (1.89) 0.012a)

      CVD 2.55 (1.56) 3.90 (2.11) 4.05 (2.42)

      CVD + DM 4.63 (1.86) 6.99 (1.94) 8.05 (2.91)

         CVD vs none 0.571 0.976 0.938

         CVD + DM vs none 0.005a) 0.022a) 0.016a)

         CVD + DM vs CVD 0.039a) 0.040a) 0.012a)

   Chronic periodontitis (n=31)

      Diagnosed 2.74 (1.66) 0.195 4.25 (2.31) 0.848 4.76 (2.61) 0.882

      Undiagnosed 1.85 (1.08) 4.06 (2.25) 4.59 (2.31)

   Periodontal status (n=25)

      Needs periodontal treatment before implant placement 3.47 (1.81) 0.053 5.76 (2.72) 0.023 6.33 (3.01) 0.056

      Needs periodontal treatment after implant placement 3.07 (1.61) 3.92 (1.73) 4.22 (2.30)

      None 1.63 (0.94) 2.86 (1.12) 3.46 (1.44)

         Before vs after 0.191

         Before vs none 0.020a)

         After vs none 0.575

Site-related factors

   Location (n=31)

      Molars (n=22)

         Maxilla 3.80 (2.03) 0.003a) 5.33 (2.65) 0.100 6.6 (3.02) 0.018a)

         Mandible 1.69 (0.92) 3.62 (1.99) 3.91 (1.92)

      Incisors, Premolar (n=9)

         Maxilla 3.02 (0.64) 0.174 3.88 (0.50) 0.932 4.59 (1.13) 0.435

         Mandible 2.09 (1.07) 4.01 (2.83) 3.56 (2.26)

   Diameter (n=31)

      Wide (≥4.8 mm) 2.62 (1.84) 0.702 4.26 (2.65) 0.904 5.12 (3.03) 0.457

      Regular (3.85≤  and <4.8 mm) 2.39 (1.36) 4.15 (1.98) 4.42 (1.96)

   Length (n=31)

      ≥13 mm 2.96 (2.10) 0.517 4.11 (2.36) 0.964 4.90 (2.72) 0.961

      10≤  and <13 mm 2.42 (1.26) 4.21 (2.21) 4.61 (2.49)

      <10 mm 1.85 (1.50) 4.53 (3.13) 4.77 (2.86)

(Continued to the next page)

tive effect on bone loss compared to autogenous bone graft materi-
als. Use of membrane negatively affected on initial bone loss but 
positively on additional bone loss and total bone loss. Thread expo-
sure showed positive effects on initial bone loss and total bone loss.

DISCUSSION

We set out to determine whether early diagnosis of peri-implan-
titis might be of benefit in minimizing bone loss through non-sur-
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Variables
Initial bone level (A) Bone level at peri-implantitis 

diagnosis (B)
Bone level after 5 years 

follow-up (C)

Mean (SD) P-value Mean (SD) P-value Mean (SD) P-value

Surgical factors 

   Bone graft procedures (n=29)

      Bone graft material

         Autogenous 1.42 (0.87) 0.052 2.95 (2.20) 0.367 2.96 (2.53) 0.324

         Xeno 2.44 (1.31) 4.15 (2.36) 4.66 (2.58)

         Autogenous + xeno 3.99 (2.24) 5.35 (2.24) 5.83 (2.53)

      Membrane

         Yes 2.09 (0.93) 0.080 3.89 (2.32) 0.417 3.78 (1.94) 0.049a)

         No 3.16 (1.96) 4.61 (2.38) 5.66 (2.90)

      Thread exposure

         Yes 3.05 (1.88) 0.098 5.28 (2.35) 0.014a) 5.32 (2.60) 0.238

         No 2.11 (1.17) 3.33 (1.80) 4.23 (2.40)

      Lateral sinus lift (n=12)

         Yes 2.88 (1.60) 0.194 4.48 (2.58) 0.549 5.94 (3.07) 0.744

         No 4.27 (1.85) 5.36 (2.32) 6.49 (2.51)

Prosthetic factors

   Prosthetic type (n=31)

      Single 1.72 (1.05) 0.211 3.25 (1.30) 0.306 3.29 (1.60) 0.166

      Splinted 2.69 (1.63) 4.4 (2.37) 5.00 (2.58)

Marginal bone levels at each interval were normally distributed and parametric analysis was performed. To compare independent groups, Student t-test or ANOVA with Tuckey’s post 
hoc test was done. Values were measured by mm unit.
CVD, cardiovascular disease; DM, diabetic mellitus.
a)Statistically significant difference (P<0.05).

Table 4. Continued

gical treatment and whether it would be possible to clarify the po-
tential role of regular check-ups after diagnosis of peri-implantitis. 
In peri-implantitis treatment, early diagnosis of peri-implantitis has 
been emphasized but its impact on the marginal bone loss was not 
fully investigated. This retrospective study evaluated the effect of 
timing of peri-implantitis diagnosis on the change of marginal 
bone loss following non-surgical peri-implantitis for more than 5 
years. As a result, earlier peri-implantitis was advantageous in pres-
ervation of marginal bone level after peri-implantitis treatment.

In this study, marginal bone levels during entire treatment peri-
ods were significantly affected by systemic disease of patients and 
periodontal inflammations. Renvert et al. [26] also demonstrated a 
significant relation between peri-implantitis and CVD, and reported 
an odds ratio of having peri-implantitis and a history of CVD of 8.7. 
However, CVD alone in this study did not cause harmful effects on 
peri-implant disease whereas CVD with diabetes did significantly 
affect the marginal bone level. However, amount of the additional 
bone loss after peri-implantitis diagnosis was not significantly dif-
ferent regardless of systemic diseases and periodontal status, which 
may be related to early detection of peri-implantitis and regular 
check-up after peri-implantitis diagnosis. Therefore, patients in 

high risky group could also use the dental implants without com-
plication related to peri-implantitis if they are regularly checked up 
and professionally cleaned after implant placement.

In this study, the amount of initial bone loss significantly corre-
lated to timing of peri-implantitis. Schwarz et al. [27] stated that 
non-surgical treatment is recommended for marginal bone loss less 
than 2 mm around implant and surgical treatment such as apically 
positioned flap or flap surgery is recommended for marginal bone 
loss greater than 2 mm. Therefore, earlier detection of the disease 
may result in less invasive treatment modality for peri-implantitis 
treatment. In the current study, majority of cases were diagnosed as 
peri-implantitis less than 4 years after loading. They showed about 
2 mm of marginal bone loss and were non-surgically treated. Al-
though non-surgical treatment combined with laser application 
achieved favorable clinical results, non-surgical treatment is diffi-
cult to promote re-osseointegration and additional surgical ap-
proaches are needed to minimize reinfection of the periodontal 
pocket around the implant. Consequently, early detection of peri-
implantitis may be helpful for minimizing the patient’s discomforts 
and costs related to surgical intervention.

For earlier detection of radiographic change of implants, regular 
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check-up is necessary for the patients with the risks of peri-implan-
titis. Although some patients did not follow the regular check-up 
program before peri-implantitis diagnosis, all patients regularly vis-
ited after peri-implantitis diagnosis and were taken professional 
cleaning procedures at 3-5 months intervals during more than 5 
years. As a result, the bone level of non-surgically treated 31 im-
plants was well-maintained more than 5 years follow-up periods. 
Additional bone loss after non-surgical therapy was approximately 
0.5mm in average during follow-up periods although the recur-
rence of inflammation appeared in some cases during follow-up 
periods and repetitive non-surgical therapy was performed to re-

solve the inflammation. The importance of regular supportive care 
to maintain the periodontal and peri-implant health has been em-
phasized in previous studies [28,29]. Recently, Lagervall and Jansson 
[30] reported that the success rate of peri-implantitis treatment 
was significantly lower in the patients with poor oral hygiene and 
low compliance regardless of their treatment modalities. Similarly, 
Serino and Ström [31] presented the importance of proper oral hy-
giene instructions in maintaining of healthy peri-implant tissue.

Most of implants in this study underwent bone regenerative pro-
cedures including lateral sinus lift. Thread exposure at implant place-
ment and use of barrier membrane and graft materials during re-

Table 5. Mixed effect regression analysis to investigate the marginal bone loss of implants (n=31).

Variables
Initial bone loss (B-A) Additional bone loss (C-B) Total bone loss (C-A)

Coefficient (95% CI) P-value Coefficient (95% CI) P-value Coefficient (95% CI) P-value

Timing of peri-implantitis diagnosis 0.07 (0.06-0.09) <0.001a) 0.00 (-0.01-0.02) 0.812 0.02 (0.00-0.04)  0.022a)

Marginal bone level

   Bone level at loading (a) -0.30 (-0.45-0.14) <0.001a) 0.13 (-0.03-0.29) 0.112 -0.02 (-0.17-0.14) 0.804

Patient related factors

   Gender

      Male 1 - 1 - 1 -

      Female 0.38 (-0.22-0.97) 0.214 0.66 (-0.14-1.46) 0.106 -0.35 (-1.02-0.31) 0.299

   Systemic disease

      None 1 - 1 - 1 -

      CVD 3.53 (2.59-4.46) <0.001a) 0.29 (-0.89-1.47) 0.630 0.37 (-1.00-1.74) 0.593

      CVD + DM 4.43 (3.55-5.30) <0.001a) 0.68 (-1.55-1.92) 0.278 4.83 (3.99-5.66) <0.001a)

   Periodontal status

      Perio tx before implant 1 - 1 - 1 -

      Perio tx after implant -2.98 (-3.82-2.14) <0.001a) -1.07 (-2.15-0.02) 0.055 -1.66 (-2.71-0.61)  0.002a)

      None -0.71 (-1.21-0.20) 0.006a) -0.51 (-1.31-0.29) 0.216 -0.68 (-1.21-0.16)  0.010a)

Site-related factors

   Location

      Mx molar 1 - 1 - 1 -

      Mx premolar -1.10 (-1.57-0.62) <0.001a) -0.47 (-0.95-0.00) 0.051 -0.60 (-1.08-0.12)  0.015a)

      Mn molar -2.36 (-3.16-1.55) <0.001a) -1.56 (-2.25-0.87)  <0.001a) -1.56 (-2.55-0.57)  0.002a)

      Mn premolar -1.94 (-2.52-1.36) <0.001a) -0.97 (-1.58-0.35)  0.002a) -0.67 (-1.41-0.08) 0.080

Surgical factors

   Bone graft material

      Auto 1 - 1 - 1 -

      Xeno 1.95 (1.34-2.57) <0.001a) 0.50 (-0.22-1.21) 0.172 2.10 (1.50-2.70) <0.001a)

      Auto+geno -0.52 (-1.41-0.37) 0.251 -1.17 (-2.13-0.21) 0.017a) -3.92 (-5.13-2.70) <0.001a)

      Membrane -0.94 (-1.40-0.48) <0.001a) 1.34 (0.60-2.07) <0.001a) 1.32 (0.79-1.85) <0.001a)

      Thread exposure 1.32 (0.91-1.73) <0.001a) -0.48 (-0.78-0.19) 0.001a) 0.65 (0.25-1.04)  0.002a)

a)Statistically significant difference (P<0.05).
Mixed model regression analysis was performed to investigate the effects of variables on the amounts of bone loss (fixed variables – timing of peri-implantitis diagnosis, bone level 
at loading, gender, systemic disease, periodontal status, location of implants, surgical factors, random variables – patients). Regression model for initial bone loss was P<0.001, 
P<0.001 for additional bone loss and P<0.001 for total bone loss.
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generative procedures affected bone levels at each interval. They 
also influenced amounts of bone loss between each interval. Al-
though use of membrane reduced initial bone loss, it increased addi-
tional bone loss after peri-implantitis diagnosis. Thread exposure at 
implant placement was also one of the important factors affecting 
initial bone loss. Xenograft alone showed a positive effect on initial 
bone loss and total bone loss compared to autogenous bone graft. 
However, combined use of autogenous and xenogenic showed neg-
ative effects on bone loss during entire periods compared to autog-
enous bone alone group. Therefore, to prevent development of peri-
implantitis, sites of implant placement should be considerately de-
termined from the initial step of treatment planning, which is fol-
lowed by careful surgical procedures to avoid the implant thread ex-
posure. When implant threads are exposed, use of barrier membrane 
and combined use of autogenous bone and xenogenic graft materi-
als may be advantageous in preservation of marginal bone level.

One of the limitations of our study is related to its small sample 
size and retrospective nature. For analysis of relationship between 
marginal bone loss and timing of peri-implantitis diagnosis, this 
study included only cases in which the entire implant treatments, 
procedures including implant placement, peri-implantitis treatment 
and follow-up were conducted in our own clinic. In addition, this 
study included only patients who followed-up more than 5 years 
after peri-implantitis diagnosis. Waerhaug [32] previously suggest-
ed that the evaluation of treatment outcome can only be safely 
conducted after about 5 years in cases with deep pockets. Accord-
ingly, the mean follow-up period was relatively more homogeneous 
than other survival studies and confounding factors affecting mul-
tivariate regression analysis such as marginal bone level change at 
the time could be minimized. Additionally, we attempted to adjust 
the effect of multiple implants in the same patients through a 
mixed-effect regression model analysis. Therefore, despite its small 
sample size, these results may be meaningful in decision-making 
for peri-implantitis treatment modalities. To confirm this study, 
well-designed clinical trials and experimentally controlled investi-
gations are needed in further studies.

In conclusion, early diagnosis of peri-implantitis can be benefi-
cial in minimizing initial bone loss, leading minimal amounts of 
total bone loss. This favorable result was obtained from non-surgi-
cal treatment owing to their small amount of bone loss at diagno-
sis of peri-implantitis. Additionally, this study may also provide the 
evidence about regular check-up after implant treatments.
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Supplementary Table 1. Radiographic marginal bone level of implants with peri-implantitis diagnosis according to treatment modality.

Distribution Radiographic measurements Statistical significance

N (%) Mean (SD) P-value

Marginal bone level at peri-implantitis diagnosis

   Non-surgical treatment 54 (79) 4.25 (2.26) 0.010a)

   Non-surgical + surgical treatment 15 (21) 7.40 (4.05)

      Total 69 (100) 4.93 (3.01)

Marginal bone loss after peri-implantitis diagnosis

   Non-surgical treatment 54 (79) 0.67 (1.74) 0.786

   Non-surgical + surgical treatment 15 (21) 0.52 (2.59)

      Total 69 (100) 0.64 (1.93)

a)Statistically significant (P<0.05, t-test).
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Supplementary Table 2. Univariable linear regression analysis about marginal bone level changes at each interval.

Variables
Initial bone loss (B-A) Additional bone loss (C-B) Total bone loss (C-A)

P-value P-value P-value

Timing of peri-implantitis diagnosis 0.031a) 0.254 0.102

Marginal bone level

   Bone level at loading (A) 0.653 0.596 0.619

   Bone level at peri-implantitis diagnosis (B) <0.001a) 0.978 0.004a)

Patient related factors

   Age 0.677 0.330 0.433

   Gender 0.150 0.807 0.133

   Systemic disease 0.462 0.915 0.882

   Periodontal status 0.119 0.956 0.195

Site-related factors

   Location 0.228 0.094 0.694

   Diameter 0.763 0.241 0.892

   Length 0.105 0.352 0.963

Surgical factors

   Bone graft procedures

      Bone graft material 0.808 0.646 0.884

      Membrane 0.533 0.003a) 0.090

      Thread exposure 0.059 0.028a) 0.865

   Sinus (lateral) 0.556 0.490 0.476

Prosthetic factors

   Prosthetic type 0.818 0.302 0.481

a)Statistically significant difference (P<0.05).


