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The aim of this study was to analyze the influence of implant location on the prevalence of peri-implantitis by within-subjects comparison of 
healthy and peri-implantitis affected implants in patients with peri-implantitis. 

To be included for this study, the patient should have at least one peri-implantitis affected implant and one healthy implant. Following clinical and 
radiographic assessments for peri-implantitis, 56 patients with 89 peri-implantitis affected implants and 249 healthy implants were included in this 
study. Influences of implant location variables including jaw position, tooth type, tooth position, and tooth adjacent to the implant on the prevalence 
of peri-implantitis were assessed using a multilevel analysis.

Implants placed in the maxillary jaw showed 2 times higher frequency of peri-implantitis than those placed in the mandibular jaw. Implants with 
absence of adjacent tooth were twice more likely to be affected by peri-implantitis than those with presence of an adjacent tooth. Sub-group analysis 
for the combination of jaw and position variables revealed that implants in the maxillary anterior position showed significantly higher prevalence rate 
of peri-implantitis than those in the mandibular anterior position. 

Within limitations of the present study, patients showed significant increase in the prevalence rate of peri-implantitis when the implant was placed 
in the maxillary jaw or when tooth adjacent to the implant was absent. In addition, the presence of tooth seemed to provide positive effect on the oc-
currence of peri-implantitis at the adjacent implant. 
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INTRODUCTION

Implant-supported restoration now becomes a 
reliable prosthetic treatment option to overcome 
many shortcomings of conventional prosthetic re-
habilitation. However, implants at certain locations 
such as in the maxillary posterior jaw show higher 
failure rate than those in other regions, especially 
when short implants are placed1). Poor bone quality 
and limited bone quantity of the maxillary jaw are 
blamed for its higher implant failure rate in com-
parison with the mandibular jaw2,3).

Peri-implantitis has been suggested as one of main 
causes of implant loss along with occlusal overload-
ing4,5). Patient- and implant-related risk factors for 
peri-implantitis have been extensively reported6,7). 
Among implant-related risk factors, implant loca-
tion has been shown to influence the prevalence 
rate of peri-implantitis. However, the results regard-
ing implant location were inconclusive8).

The presence of tooth or implant adjacent to the 
implant in partially edentulous patient might lower 
the chance of peri-implantitis than that in totally 
edentulous patient due to a “protective effect” of the 
adjacent tooth or implant against occlusal force9,10). 
However, whether the protective effect for peri-im-
plantitis is due to the presence of tooth or implant 
remains unclear.

If implant-related risk variables for peri-implan-
titis are evaluated by comparing peri-implantitis 
affected and healthy implants in different patients, 
implants might be under the influence of different 
patient-related risk variables. In addition, multiple 

healthy and peri-implantitis affected implants clus-
tered in the same patient are more correlated than 
those in different patients in the analysis of implant-
related risk. Hence, study design and data analysis 
should consider the influence of patient-related 
risk variables and correlation of data in a single pa-
tient11,12).

The aim of the present study was to analyze the 
influence of implant location on the prevalence of 
peri-implantitis by within-subjects comparison of 
healthy implants and peri-implantitis affected im-
plants in patients with peri-implantitis. 

MATERIALS AND METHODS

1. Patient Sample

Patients who presented evident peri-implant bone 
loss and/or clinical signs of peri-implantitis at one 
of his/her multiple implants when they visited the 
Department of Periodontology, Jeonbuk National 
University Dental Hospital, Jeonju, South Korea 
were recruited for this study. A total of 65 patients 
with 395 implants of which 127 implants initially 
suspected of having peri-implantitis were consecu-
tively selected between January 2018 and February 
2020. These patients were invited to participate in 
this cross-sectional study. To be included for this 
study, patient should have at least one peri-im-
plantitis affected implant and one healthy implant 
following clinical and radiographic examination to 
diagnose healthy and peri-implantitis affected im-
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plants. In addition, the implant should have been 
functionally loaded for more than one year. Im-
plants in the totally edentulous jaws were excluded. 

The study protocol was approved by the Institu-
tional Review Board of Jeonbuk National University 
Hospital, Jeonju, South Korea (IRB No.: CUH 2017-
04-007). All patients included in this study provided 
informed consent. The present study was conducted 
in accordance with STROBE checklist for cross-sec-
tional studies and the 1975 Declaration of Helsinki 
revised in 2013.

2. Clinical Assessments

Probing pocket depth were recorded at mesial, 
facial, distal, and lingual site of all implants with a 
periodontal probe to the nearest 0.5mm (PCP15, 
Hu-Friedy Inc., Leimen, Germany). Following prob-
ing with a pressure of 0.25 N, bleeding on probing 
was assessed at the same sites. Width of keratinized 
mucosa at facial site of the implant was measured as 
the distance between the mucosal margin and the 
mucogingival junction with a periodontal probe to 
the nearest 0.5mm.

3. Radiographic Assessments

Periapical radiographs were taken with a digi-
tal system using a charge-coupled device (Xios 
XG Select, Dentsply Sirona Inc., New York, USA). 
The charge-coupled device was placed parallel to 
the implant and an X-ray beam (Heliodent plus, 
Dentsply Sirona Inc.) kept perpendicular to it. Bone 

level (BL) was measured as the distance from the top 
of the implant to the first bone-to-implant contact 
at the mesial and distal aspects of the implants. 
Measurements were performed with the use of im-
age measurement program (NIH ImageJ, National 
Institutes of Health, Bethesda, MD), and the known 
implant length was used to calibrate magnification. 
One calibrated examiner (M.G.) who was not in-
volved in the treatment performed all clinical and 
radiographic assessments.

4. ‌�Case definitions for healthy and peri-implantitis af-
fected implants 

Diagnosis of peri-implantitis was made if prob-
ing pocket depth at the implant was ≥ 6 mm with 
clinical signs of bleeding on probing or suppuration, 
and BL of the implant located ≥ 3 mm apical to 
the most coronal portion of the implant13). All other 
implants without peri-implantitis were considered 
as “healthy” implants for data analysis regardless of 
having “peri-implant mucositis”. 

5. Patient- and implant-related risk factors

Patients’ records were reviewed to extract patient, 
implant, and implant location related risk factors for 
peri-implantitis. Patient-related risk factors includ-
ed age, sex (male/female), smoking (yes/no), sys-
temic health condition in relation to heart disease, 
diabetes, osteoporosis, cancer, etc. (healthy/com-
promised), history of periodontal treatment (yes/
no), implant maintenance therapy every 6 months14)
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(yes/no), and numbers of implants in each patient. 
Implant-related risk factors included follow-up pe-
riod after functional loading, implant types (bone 
level/tissue level, external/internal connection), and 
prosthesis type (single crown/fixed dental prosthesis 
[FDP]). Risk factors related to implant location in-
cluded jaw position (maxilla/mandible), tooth type 
(non-molar/molar), tooth position (anterior:incisors, 
canine/ middle: premolars/ posterior: molars), and 
tooth adjacent to implant (presence/absence).

6. Study size

Sample size was calculated using a software (G* 
Power 3.1.9.7 for Windows 10) considering the fol-
lowing: a = 0.05; power = 0.8; detection of risk with 
an odds ratio (OR) ≥ 2.0, and a ratio of 1: 3 for 
matched cases to controls. Considering these cal-
culations, at least 77 implants with peri-implantitis 
and 231 healthy implants should be included.

7. Data analyses

Descriptive statistics including mean values, stan-
dard deviations, ranges, and frequencies of vari-
ables were calculated with patient and implant as 
statistical units. The primary outcome variable of 
the study was the prevalence of peri-implantitis. 
Secondary outcome variables were probing pocket 
depth, bleeding on probing, width of keratinized 
mucosa, and marginal bone level at implant ob-
tained at clinical and radiographic examinations 
for peri-implantitis. Because of cluster-correlated 

data resulting from patients having varying numbers 
of both healthy and peri-implantitis affected im-
plants, multilevel analysis using generalized estimat-
ing equations (GEE) procedure was performed11,12). 
Effects of implant-related risk variables including 
implant location on binary outcome variables such 
as peri-implantitis affected/healthy implant and 
presence/absence of bleeding on probing were as-
sessed using a binary logistic regression model. The 
influences of these risk variables on the occurrence 
of peri-implantitis were estimated by the univariate 
GEE analysis. Furthermore, multivariate GEE analy-
sis was performed in a model that included implant 
location risk variables as explanatory variables. Ex-
changeable correlation structure was assumed as 
an indicative of the relationship between implant 
location variables and outcome variables. The re-
sult of GEE univariate analysis was presented as 
odds ratio (OR) with 95% confidence intervals (CIs). 
Influences of implant location on continuous out-
come variables, pocket depth, width of keratinized 
mucosa, and peri-implant bone level were assessed 
using a linear regression model. Sub-group analy-
sis of implant position (anterior vs. posterior) on the 
prevalence of peri-implantitis was made for maxil-
lary jaw and mandibular jaw separately. In addition, 
a combination of jaw position and tooth position 
variables (i.e., maxillary anterior, maxillary posteri-
or, mandibular anterior, and mandibular posterior) 
was assessed with respect to the prevalence rate of 
peri-implantitis. The influence of tooth presence 
adjacent to the implant on the prevalence rate was 
also further analyzed in relation to the number of 
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proximal tooth-facing surfaces at the implant. The 
significance of implant location variables influenc-
ing outcome variables was assessed using the Wald 
test based on robust standard error. P values less 
than 0.05 was considered to indicate statistical sig-
nificance. Statistical analyses were performed with 
a statistical software program (Stata Corp., College 
Station, TX, USA).  

RESULTS

A total of 56 patients with 338 implants fulfilled 

the inclusion criteria for the study. According to 
the criteria for peri-implantitis, 89 implants were 
judged as having peri-implantitis and 249 implants 
were judged as healthy (Fig. 1).

Descriptive characteristics of patient, implant and 
implant location related risk factors are presented 
in Table 1. The mean age of patients was 62.2 years 
(range: 46 to 87 years). Most patients had a history 
of periodontal treatment. They were not following 
a regular implant maintenance therapy (IMT) pro-
gram. The average follow up time after implant 
loading was 7.6 years (range: 1 to 19 years). Implant 
related variables other than implant location vari-

Figure 1. Selection processes of patient and implant groups.

Patients with ≥ 2 implants
were screened

during January 2018-February 2020.

“Initial” peri-implantitis group:
Patients; N=65

Healthy implants: N=268
 “Suspected” peri-implantitis affected implants: N=127

Evident peri-implant bone loss and/or 
clinical signs of peri-implantitis 

at least one implant.

Accepted study participation.
Fulfilled case definition for 

peri-implantitis at least one implant.

“Final” peri-implantitis group:
Patients; N=56

Healthy implants; N=249
Peri-implantitis affected implants; N=89
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ables were assessed in relation to the prevalence of 
peri-implantitis. None of included variables showed 
a statistically significant difference.

The majority of implants were installed in the 
posterior position in the dentition, especially in the 
mandibular molar position. While, the prevalence of 
the peri-implantitis was the highest in the maxillary 
canine position. It was the lowest in the mandibular 
canine position (Fig. 2).

Results of comparison of clinical and radiographic 
assessments at the implant with respect to implant 

location variables are presented in Table 2. Probing 
pocket depth and bleeding on probing were signifi-
cantly deeper and more frequent at implants in the 
maxillary jaw and implants with absence of adjacent 
tooth than those in the mandibular jaw and with 
presence of adjacent tooth, respectively. Keratinized 
mucosa width was statistically significantly different 
between all included implant location variables. The 
peri-implant bone level was only significantly dif-
ferent between the presence and absence of tooth 
adjacent to the implant.

Table 1. Description of patient, implant and implant location related risk variables for peri-implantitis

Variable Numbers Mean (range)
Patient related 56

Age, years  62.2 (46-87)
Male/Female 36/20 -
Smoker/Non-smokers 9/47 -
Systemically compromised/healthy conditions  36/20 -
History of periodontal treatment/No                 52/4 -
Under regular IMT/No 5/51 -
Implants number per patient 6 (2-17)

Implant related 338
Follow-up period, years 7.6 (1-19)
Implant types

     Bone level/tissue level 210/128 -
     External/internal connection 21/317 -

Implant supporting single crown/FPD           103/235 -
Implant location related 338

Jaw position (maxilla/mandible) 179/159 -
Tooth position (anterior/middle/posterior) 47/100/191 -
Tooth type (non-molar/molar) 147/191 -
Tooth adjacent to implant (presence/absence) 186/152 -

     Tooth-facing surfaces (no/1/2) 152/158/28 -

Abbreviations: IMT, implant maintenance therapy,  FDP, fixed dental prosthesis
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Figure 2. ‌�Numbers of healthy and peri-implantitis affected implants, and prevalence of peri-implantitis 
(%) according to implant positions following Fédération Dentaire Internationale tooth num-
bering system.

Among implant location variables, implants in the 
maxillary jaw and with absence of adjacent tooth 
showed significantly higher prevalence rate of peri-
implantitis than those in the mandibular jaw and 
with presence of adjacent tooth, respectively in GEE 
univariate and multivariate analysis (Fig. 3). Implants 
placed in the maxillary jaw showed 2 times high-
er frequency of peri-implantitis than those in the 
mandibular jaw. Implants with absence of adjacent 

tooth were twice more likely to be affected by peri-
implantitis than those with presence of an adjacent 
tooth (Table 3).   

In subgroup analysis, the prevalence rate of peri-
implantitis was not statistically different between 
anterior and posterior positions when jaw position 
was analyzed separately as maxillary and mandibu-
lar jaws. However, implants in the maxillary anterior 
position showed significantly higher prevalence of 
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Table 2. ‌�Comparison of probing pocket depth (PD), bleeding on probing (BoP), width of keratinized mucosa (WKM), and peri-
implant bone level (PBL) at the implant(n=338) in relation to implant location variables. Mean ± standard deviation values 
in mm. 

Variables PD BoP (%) WKM PBL 
Jaw

Maxilla  4.1 ± 1.5*  52.5*  2.7 ± 2.1* 1.7 ± 2.5
Mandible 3.7 ± 1.3 37.7 1.8 ± 1.4 1.1 ± 4.1

Tooth type
Non-molar 3.8 ± 1.3 44.6  2.6 ± 1.6* 1.4 ± 2.3
Molar 4.0 ± 1.5 46.3 2.0 ± 2.0 1.5 ± 4.0

Tooth position
Anterior 4.0 ± 1.3 49.4  3.1 ± 1.3* 2.0 ± 2.8
Middle 3.8 ± 1.4 49.5 2.4 ± 1.7 1.1 ± 1.9
Posterior 4.0 ± 1.5 42.3 2.0 ± 2.0 1.5 ± 4.0

Tooth adjacent to implant
    Presence 3.7 ± 1.2 46.3    2.3 ± 1.8* 1.0 ± 1.9
    Absence  4.0 ± 1.5*  47.9*  2.2 ± 1.9  1.7 ± 3.8*

*Difference by univariate generalized estimating equations: P < 0.05.

Figure 3. ‌�Comparison of implant location variables; jaw position (maxilla/mandible), tooth type (non-molar/molar), 
tooth position (anterior/middle/posterior), and tooth adjacent to implant (presence/absence) in relation 
to prevalence rate of peri-implantitis. Difference by univariate and multivariate generalized estimating 
equations is indicated as *P < 0.05.
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Table 3. ‌�The odds ratio (OR) and 95 per cent confidence intervals (95 % CIs) of implant location risk variables for peri-implantitis 
by univariate and multivariate general estimating equations (GEEs) analysis.

Variables
Univariate GEE Multivariate GEE*

OR 95 % CI P value OR 95 % CI P value
Jaw position
   Mandible 1 1
   Maxilla 1.979 1.062-3.686 0.032 1.892 1.025-3.492 0.041
Tooth type
   Molar 1 1
   Non-molar 1.056 0.613-1.819 0.844 1.180 0.642-2.168 0.594
Tooth position    
   Middle 1 - - -
   Anterior 1.659 0.801-3.439 0.173 - - -
   Posterior 1.160 0.677-1.989 0.589 - - -
Tooth adjacent to implant
   Presence  1 1
   Absence  1.959 1.261-3.044 0.003 2.000 1.211-3.304 0.007

* P=0.005

peri-implantitis than those in the mandibular ante-
rior position when jaw and position variables were 
combined (Table 4).

Regarding the number of tooth-facing surfaces, 
the positive effect of tooth presence for peri-im-
plantitis was only significantly different between 
implants having no tooth facing surface and those 
having one tooth-facing surface. The positive effect 
appeared to increase when an implant had more 
tooth facing surfaces, but it did not reach a statisti-
cal significance (P=0.33) (Table 5).  

DISCUSSION 

The prevalence rate of peri-implantitis in the 
maxillary jaw was twice higher than that in the 
mandibular jaw (P < 0.05), consistent with findings 
of other studies15~18). Poor bone quality of maxillary 
jaw that is more vulnerable to peri-implant inflam-
mation is responsible for the higher prevalence of 
peri-implantitis than the mandibular jaw15,16). In 
fact, all clinical parameters related to soft tissue 
condition were worse in maxillary implants than 
mandibular implants in the present study. How-
ever, some studies have found no difference in the 
prevalence of peri-implantitis between maxillary 
and mandibular jaws19~22). Some studies have even 
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Table 4. ‌�The odds ratio (OR) and 95 per cent confidence intervals (95 % CIs) of risk factors for peri-implantitis in subgroup 
analysis of jaw and position variables by univariate general estimating equations (GEEs) analysis.

Variables OR 95 % CI P value
Maxillary jaw
   Anterior position 1.656 0.657-4.167 0.285
   Posterior position 1   
Mandibular jaw
   Anterior position 1
   Posterior position 1.628 0.347-7.636 0.536
Anterior and posterior position in the jaw
   Mandibular anterior  1
   Mandibular posterior  1.628 0.347-7.635 0.536
   Maxillary posterior  2.765 0.884-8.648 0.081
   Maxillary anterior  6.571 1.000-43.159 0.050

Table 5. ‌�The odds ratio (OR) and 95 per cent confidence intervals (95 % CIs) for the influence of tooth presence on the oc-
currence of peri-implantitis in relation to the numbers of tooth-facing surfaces at the implant by univariate general 
estimating equations (GEEs) analysis.

Numbers of tooth-facing surfaces OR 95 % CI P value
No  1
One  0.466 0.293-0.742 0.001
Two  0.659 0.285-1.525 0.330

One  1
Two 1.285 0.621-2.661 0.498

found opposite results10,23). Differences in statistical 
analysis, inclusion/exclusion criteria, and case defi-
nitions for peri-implantitis between studies might 
have contributed to such contradictory outcomes8). 

It was assumed that implants in the posterior po-
sition would be more difficult to perform proper 
oral hygiene than those in the anterior position, 

resulting in more plaque induced inflammation for 
implants in the posterior position. Along with the 
presence of inflammation, high occlusal force and 
poor bone quality in the posterior region might 
have contributed to increased bone loss and the 
eventual incidence of peri-implantitis. Hence, peri-
implantitis and implant failure are expected to oc-
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cur more frequently in the posterior position than 
in the anterior position8,18). Since tooth type variable 
(non-molar/molar) in relation to different occlusal 
force was overlapped with tooth position variable, 
we divided tooth position variable into three posi-
tions (i.e., anterior, middle, and posterior positions) 
and mainly compared the position variable between 
anterior and posterior. In the present study, the 
prevalence rate of peri-implantitis was not signifi-
cantly different between implants in anterior and 
posterior positions regardless whether maxillary 
and mandibular jaws were assessed together or sep-
arately. Besides, clinical parameters such as prob-
ing pocket depth and bleeding on probing were not 
different between anterior and posterior positions, 
in agreement with other studies that assessed both 
jaws together9,20). In contrast, the highest prevalence 
rate of peri-implantitis was found in the anterior 
position1,10) or posterior position in the mandibular 
jaw when implant position variable was assessed in 
combination with jaw position23). In a similar way, 
we also analyzed the prevalence rate of peri-im-
plantitis combining jaw and position variables and 
found that implants in the maxillary anterior posi-
tion showed significantly higher prevalence rate of 
peri-implantitis than implants in the mandibular 
anterior position. This finding was almost similar to 
a study that included patients with peri-implantitis 
in which the highest prevalence of peri-implantitis 
was found in the incisor area of the maxillary jaw 
while the lowest prevalence was found in the canine 
area of the mandibular jaw16). According to authors 
of that study, implants in the maxillary anterior po-

sition are often installed with a buccolingual incli-
nation due to bone resorption. Thus, they might be 
subjected to lateral occlusal force to the neck of the 
implant, which in turn might increase bone loss at 
the implant, especially in the presence of inflam-
mation. However, the role of overloading on peri-
implantitis remains inconclusive7). We could not see 
difference in peri-implantitis either between im-
plants in non-molar and molar positions in relation 
to occlusal forces.  

When there was no adjacent tooth to an implant, 
the likelihood of having peri-implantitis was twice 
higher than implant having a tooth in the adjacent 
unit (P < 0.05). In other words, the presence of an 
adjacent tooth showed 50% positive effect for peri-
implantitis in comparison with an implant with ab-
sence of an adjacent tooth. It has been shown that 
marginal bone loss at the proximal crest in tooth/
implant units is lower than that in inter-implant 
units24,25). Furthermore, less bone resorption has 
been observed around single implant-supported 
restorations than for implants in edentulous pa-
tients, suggesting that the presence of a tooth adja-
cent to a single implant might contribute to mainte-
nance of bone height at the implant26,27). Hence, the 
presence of a tooth adjacent to an implant appears 
to be favorable for maintaining marginal bone level 
or healthy condition of the implant. With respect to 
peri-implantitis, peri-implant tissue condition of 
implants having adjacent tooth or implant in par-
tially edentulous patients was better than those in 
edentulous patients9,10,19). Higher prevalence of peri-
implantitis was associated with implants supporting 
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fixed dental prosthesis (FDP) than single implants, 
especially in totally edentulous patients10). Hence, an 
adjacent tooth or an implant in partially edentulous 
patients with more uniform distribution of occlusal 
force than implants in edentulous patients seemed 
to have protective effect against peri-implantitis9,19). 
However, the role of overloading on peri-implan-
titis remains inconclusive7). Other than the protec-
tive effect of the adjacent tooth on occlusal force, 
the presence of adjacent tooth may better protect 
plaque associated inflammation than an implant 
with absence of adjacent tooth considering that 
peri-implant tissue destruction at peri-implantitis 
sites is faster and more extensive in comparison to 
that at periodontitis sites28). However, one should 
know that peri-implant tissue health is related to 
periodontal health of the tooth adjacent to the im-
plant. Hence, tooth affected by periodontitis could 
negatively affect peri-implant tissue of the adjacent 
implant29,30). Although the presence of tooth seems 
to protect the adjacent implant from peri-implanti-
tis in the present study, how the presence of a tooth 
contributes to maintaining marginal bone level or 
healthy condition of the adjacent implant is not fully 
understood yet.

The prevalence rate of peri-implantitis was 26.3 % 
at implant level, which was a relatively high percent-
age compared to 6.7 % in previous study conducted 
on the same ethnic population with the similar case 
definition for peri-implantitis31). The present study 
included patients who had at least one peri-implan-
titis affected implant as a “case” and one healthy im-
plant as a “control”, meaning that all patients were 

affected by peri-implantitis at patient level. In fact, 
most patients had a history of periodontal treat-
ment. They were not under regular IMT. These are 
well-known patient-related risk factors for peri-im-
plantitis7). The prevalence of peri-implantitis at pa-
tient level varies widely from 1% to 47.1% depending 
on criteria for peri-implantitis32). Hence, the preva-
lence of other studies that included mostly healthy 
patients without peri-implantitis could not be com-
pared with that in the present study, in which all pa-
tients were affected by peri-implantitis and highly 
susceptible to peri-implantitis. However, the present 
within-subjects study design that compared peri-
implantitis affected implants and healthy implants 
in patients with peri-implantitis enabled us to ana-
lyze implant-related risk variables for peri-implan-
titis without being influenced by patient-related risk 
variables.  

The present study has some limitations. First, it 
was only focused on implant location variables that 
could be confirmed in all included implants and 
serve as risk factors since some data obtainable at 
implant surgery were unavailable for the implants 
that were not placed at a university hospital. How-
ever, other implant-related risk variables not consid-
ered in the present study such as periodontal condi-
tions of adjacent tooth might have influenced data 
analysis of implant location variables. Furthermore, 
small numbers of implants placed in the anterior 
position in comparison with the posterior position 
at both maxillary and mandibular jaws hampered 
us to draw a statistically meaningful conclusion for 
the comparison between implants in anterior and 
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posterior positions. 
Within limitations of the present study, it can be 

concluded that patients showed significant increase 
in the prevalence rate of peri-implantitis when the 
implant was placed in the maxillary jaw or when 

tooth adjacent to the implant was absent. In ad-
dition, the presence of a tooth seemed to provide 
positive effect on the occurrence of peri-implantitis 
at the adjacent implant.   

1. ‌�French D, Larjava H, Ofec R. Retrospective cohort study of 4591 
Straumann implants in private practice setting, with up to 10-year 
follow-up. Part 1: multivariate survival analysis. Clinical oral implants 
research 2015;26:1345-1354.

2. ‌�Chrcanovic B, Kisch J, Albrektsson T, Wennerberg A. Factors in-
fluencing early dental implant failures. Journal of dental research 
2016;95:995-1002.

3. ‌�Kuboki T. A longitudinal retrospective study of the analysis of the risk 
factors of implant failure by the application of generalized estimating 
equations. Journal of prosthodontic research 2015;59:178-184.

4. ‌�Lang NP, Wilson TG, Corbet EF. Biological complications with den-
tal implants: their prevention, diagnosis and treatment Note. Clinical 
Oral Implants Research: Chapter 9 2000;11:146-155.

5. ‌�Isidor F. Influence of forces on peri-implant bone. Clinical oral im-
plants research 2006;17:8-18.

6. �Heitz-Mayfield LJ. Peri-implant diseases: diagnosis and risk indica-
tors. Journal of clinical periodontology 2008;35:292-304.

7. ‌�Schwarz F, Derks J, Monje A, Wang HL. Peri-implantitis. Journal of 
clinical periodontology 2018;45:S246-S266.

8. ‌�Zandim-Barcelos DL, Carvalho GGd, Sapata VM, Villar CC, Häm-
merle C, Romito GA. Implant-based factor as possible risk for peri-
implantitis. Brazilian Oral Research 2019;33.

9. ‌�de Araújo Nobre M, Mano Azul A, Rocha E, Maló P. Risk fac-
tors of peri-implant pathology. European journal of oral sciences 
2015;123:131-139.

10. ‌�Dalago HR, Schuldt Filho G, Rodrigues MAP, Renvert S, Bianchini 
MA. Risk indicators for peri-implantitis. A cross-sectional study 
with 916 implants. Clinical oral implants research 2017;28:144-
150.

11. ‌�Noda K, Arakawa H, Kimura-Ono A, et al. A longitudinal retrospec-
tive study of the analysis of the risk factors of implant failure by the 
application of generalized estimating equations. J Prosthodont Res 
2015;59:178-184.

12. ‌�Borba M, Deluiz D, LOURENÇO EJV, Oliveira L, Tannure PN. Risk 
factors for implant failure: a retrospective study in an educational 

institution using GEE analyses. Brazilian oral research 2017;31.
13. ‌�Renvert S, Persson GR, Pirih FQ, Camargo PM. Peri-implant health, 

peri-implant mucositis, and peri-implantitis: Case definitions and 
diagnostic considerations. J Periodontol 2018;89 Suppl 1:S304-
S312.

14. ‌�Monje A, Aranda L, Diaz K, et al. Impact of maintenance therapy for 
the prevention of peri-implant diseases: a systematic review and 
meta-analysis. Journal of dental research 2016;95:372-379.

15. ‌�Koldsland OC, Scheie AA, Aass AM. The association between se-
lected risk indicators and severity of peri-implantitis using mixed 
model analyses. Journal of clinical periodontology 2011;38:285-
292.

16. ‌�Serino G, Turri A. Extent and location of bone loss at dental im-
plants in patients with peri-implantitis. Journal of biomechanics 
2011;44:267-271.

17. ‌�Konstantinidis IK, Kotsakis GA, Gerdes S, Walter MH. Cross-sec-
tional study on the prevalence and risk indicators of peri-implant 
diseases. Eur J Oral Implantol 2015;8:75-88.

18. ‌�Mameno T, Wada M, Onodera Y, Fujita D, Sato H, Ikebe K. Longitu-
dinal study on risk indicators for peri-implantitis using survival-time 
analysis. Journal of prosthodontic research 2019;63:216-220.

19. ‌�Maló P, Oliveira S. The influence of implant location and position 
characteristics on peri-implant pathology. The European Journal of 
Prosthodontics and Restorative Dentistry 2014;22:125-129.

20. ‌�Canullo L, Peñarrocha-Oltra D, Covani U, Botticelli D, Serino G, 
Penarrocha M. Clinical and microbiological findings in patients with 
peri-implantitis: a cross-sectional study. Clinical oral implants re-
search 2016;27:376-382.

21. ‌�Ferreira CF, Buttendorf AR, De Souza J, Dalago H, Guenther S, 
Bianchini MA. Prevalence of Peri-implant Diseases: Analyses of 
Associated Factors. The European journal of prosthodontics and 
restorative dentistry 2015;23:199.

22. ‌�Rammelsberg P, Lorenzo-Bermejo J, Kappel S. Effect of prosthetic 
restoration on implant survival and success. Clinical oral implants 
research 2017;28:1296-1302.

참 고 문 헌



Influence of im
plant location on the prevalence of peri-im

plantitis in patients w
ith peri-im

plantitis: a w
ithin-subjects com

parison of healthy and peri-im
plantitis affected im

plants

ORIGINAL ARTICLE

대한치과의사협회지 제59권 제9호 2021 491

23. ‌�Aguirre-Zorzano LA, Estefanía-Fresco R, Telletxea O, Bravo M. 
Prevalence of peri-implant inflammatory disease in patients with 
a history of periodontal disease who receive supportive periodontal 
therapy. Clinical oral implants research 2015;26:1338-1344.

24. ‌�Chang M, Wennström JL. Peri-implant soft tissue and bone crest 
alterations at fixed dental prostheses: a 3-year prospective study. 
Clinical oral implants research 2010;21:527-534.

25. ‌�Chang M, Wennström JL. Bone alterations at implant-supported 
FDPs in relation to inter-unit distances: a 5-year radiographic study. 
Clinical oral implants research 2010;21:735-740.

26. ‌�Avivi-Arber L, Zarb GA. Clinical effectiveness of implant-supported 
single-tooth replacement: the Toronto Study. International Journal 
of Oral & Maxillofacial Implants 1996;11.

27. ‌�Wennström JL, Ekestubbe A, Gröndahl K, Karlsson S, Lindhe J. 
Implant-supported single-tooth restorations: a 5-year prospective 
study. Journal of clinical periodontology 2005;32:567-574.

28. ‌�Salvi GE, Cosgarea R, Sculean A. Prevalence and mechanisms of 
peri-implant diseases. Journal of dental research 2017;96:31-37.

29. ‌�Kumar PS, Dabdoub SM, Hegde R, Ranganathan N, Mariotti A. 
Site-level risk predictors of peri-implantitis: A retrospective analy-
sis. Journal of clinical periodontology 2018;45:597-604.

30. ‌�Sung C-E, Chiang C-Y, Chiu H-C, Shieh Y-S, Lin F-G, Fu E. Peri-
odontal status of tooth adjacent to implant with peri-implantitis. 
Journal of dentistry 2018;70:104-109.

31. ‌�Goh MS, Hong EJ, Chang M. Prevalence and risk indicators of peri-
implantitis in Korean patients with a history of periodontal disease: a 
cross-sectional study. J Periodontal Implant Sci 2017;47:240-250.

32. ‌�Derks J, Tomasi C. Peri-implant health and disease. A systematic 
review of current epidemiology. Journal of clinical periodontology 
2015;42:S158-S171.

참 고 문 헌


