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Jefferson David Melo De Matos, John Eversong Lucena De Vasconcelos2, Sergio Lins De Azevedo Vaz3,  

Valdir Cabral Andrade4, Renato Sussumu Nishioka, Selva Maria Gonçalves Guerra3
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Aims: The aim of the study is to evaluate the profile of peri-implant tissues in periodontally compromised 
patients.
Settings and Design: In vivo – cross sectional study design.
Materials and Methods: Fifty-eight implants were evaluated, clinically and radiographically, installed in seven 
individuals treated by the same team of professionals, during the years 1997 and 2005 in a private dental 
clinic in Vitória, ES, Brazil; that time of data collection, all implants were at least 10 years of functional 
loading. The variables related to the dental implants evaluated were: visible Plaque Index, Gingival Bleeding 
Index (GBI), probing pocket depth, bleeding on probing, and bone level, to relate them to the classification 
of dental implants.
Statistical Analysis Used: The Chi-square and Kruskal–Wallis test were adopted. 
Results: The total of 58 implants were classified: 11 (18.9%) as healthy and 12 (20.7%) as clinically stable. 
The other 35 implants (60.4%) had some type of peri-implant inflammation, 20 of them (34.5%) were 
diagnosed with peri-implant mucositis and 15 (25.9%) with peri-implantitis. Among the variables studied, 
the results showed statistically significant differences for implant location (P = 0.001) and GBI (P = 0.03). 
Most of the maxillary implants (85.7%) were classified for some type of peri-implant disease. For the 
implants which resulted in Score 1 for GBI, most of them (75.0%) were also classified for some type of 
peri-implant disease.
Conclusions: Dental implants placed in periodontally compromised patients may have high 
long-term survival rates. However, most implants were classified with some type of peri-implant 
inflammation.
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INTRODUCTION

In recent decades, dental implants in the replacement 
of  missing teeth have become the treatment of  choice 
for most patients and even professionals, and due to 
technical and scientific advances, this treatment presents 
high long‑term survival rates.[1,2] Despite this, dental 
implants may present with inflammatory diseases classified 
as peri‑implant mucositis, when an inflamed mucosa is 
observed with no signs of  bone loss, or peri‑implantitis, 
defined as the presence of  inflammation in the mucosa, 
simultaneously with bone loss around the implant.[3]

Peri‑implant mucositis may progress to peri‑implantitis and 
even if  the pathogenic mechanism was not yet clear, many 
similarities with periodontitis had already been recognized, 
such as the presence of  known pathogens of  periodontal 
disease.[4] The term peri‑implantitis was first described in 
the study of  Mombelli et al.[5] as an infectious disease. After 
that, a growing interest to define peri‑implant inflammatory 
diseases has been observed. However, two decades after 
the first definition of  peri‑implantitis, most of  these 
studies continued to present a diversity of  criteria in the 
diagnosis of  these diseases. This difference of  criteria in 
the definition of  peri‑implant diseases becomes very clear 
when we compare the Roos‑Jansåker et al.[6] study with the 
review of  Zitzmann and Berglundh.[7] Roos‑Jansåker et al.[6] 
observed 218 patients for 9–14 years, reporting that 16% 
of  them had peri‑implantitis. Zitzmann and Berglundh[7] 
reinterpreted these same results and stated that 55.6% of  
the patients had peri‑implantitis. The difference observed 
in the results of  these two studies was the criterion adopted 
to define peri‑implantitis considered different numbers 
of  threads without bone support, that is, in the study of  
Roos‑Jansåker et al.,[6] the bone level (BL) should be apical 
to the third thread, whereas for Zitzmann and Berglundh,[7] 
the BL should be apical to the first thread of  the implant. 
In both studies, it was considered bone loss should be 
associated with bleeding on probing (BoP).

Despite advances in the area, the systematic review 
by  Derks and Tomasi[8] shows there are no clear diagnostic 
criteria for peri‑implant mucositis or peri‑implantitis in the 
scientific literature. The lack of  diagnostic criteria used 
to describe the peri‑implant diseases makes it difficult to 
compare results, and the studies present a great variability 
in the reports. Thus, in this review, the prevalence of  
peri‑implant mucositis ranged from 19% to 65% and from 
1% to 47% for peri‑implantitis.

Peri‑implant diseases are not evenly distributed among 
patients treated with dental implants, preferentially 

affect groups which patient profiles are at high risk for 
their establishment and development.[9] The clinical and 
microbiological similarity between periodontal disease 
and peri‑implantitis gave rise to more research with 
dental implants installed in periodontally compromised 
patients. The possibility of  transmission of  periodontal 
pathogens to peri‑implant sites in partially edentulous 
individuals with a history of  periodontal disease 
could be considered a risk factor for the development 
of  peri‑implant diseases.[10] Although the history of  
periodontal disease presents as a risk factor, there is still 
no consensus regarding its influence on the long‑term 
prognosis of  implant therapy.[11]

The aim of  this study was to evaluate the condition of  
peri‑implant tissues, classifying implants for the presence 
or absence of  peri‑implant diseases in periodontally 
compromised patients after 10–18 years of  loading.

MATERIALS AND METHODS

This study was realized in accordance with the Helsinki 
Declaration of  human studies and the Resolution 466/12 
of  the National Health Council after approval of  the 
Human Research Ethics Committee, under No. 733,536.

The sample selection was performed based on the 
evaluation of  patient records, rehabilitated with dental 
implants, installed between 1997 and 2005, by the same 
team of  professionals from a private clinic in the city of  
Vitória, ES, Brazil, following the same clinical protocol.

In the present study, individuals who had lost at least 
one tooth due to periodontal disease were diagnosed as 
periodontally compromised patients. Therefore, were 
recruited to evaluation: Periodontally compromised patient, 
partially edentulous with complete clinical documentation, 
rehabilitated with dental implant of  external hexagon 
connection and screwed‑retained single crown and/
or multiple partial prostheses, placed adjacent to other 
implants or natural teeth, for a period of  10–18 years in 
functional loading, enrolled in a periodontal maintenance 
program. Were excluded of  the study:
a. Indiv idua ls  who had taken ant ib iot ics  or 

anti‑inflammatory drugs within 2 months before the 
data collection

b. Individuals who did not sign the free and informed 
consent form

c. Smokers’ individuals
d. Implants with fractured prosthetic crowns
e. Individuals diagnosed with moderate‑to‑severe chronic 

periodontitis, that is, who had suppuration in some 
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teeth, BoP in more than 30% of  the subgingival sites, 
considering teeth and implants, or who had any teeth 
with pockets depth more than 5 mm

f. Individuals diagnosed with aggressive periodontitis, 
that is, they had a Plaque Index disproportionate to 
the marked loss of  periodontal clinical attachment 
reaching mainly first molars and permanent incisors

g. Diabetic individuals.

First, a survey of  the information in clinical and 
radiographic files of  the individuals selected to record the 
following data was performed:
a. Personal information
b. Etiological reasons of  tooth loss and the date of  

extraction
c. Date of  implant placement
d. Type of  prosthesis on the implant (single crown and/

or multiple partial prostheses)
e. Implant location (anterior maxilla, posterior maxilla, 

anterior mandible, or posterior mandible)
f. Bone type (alveolar or bone graft)
g. Implant manufacturer
h. Implant length and
i. Implant diameter.

At the beginning of  the clinical examination, the 
patients were informed about the proposal of  the 
study, its risks and benefits, and asked to sign the 
informed consent term. An update was also made on the 
personal data of  the patients and those related to general 
health, confirming those remained within the inclusion 
criteria.

Clinical examination
All patients underwent clinical examination, performed by a 
single calibrated professional, and not involved in the surgical 
and/or prosthetic treatment. To perform the intraexaminer 
calibration, before the beginning of  the research, the 
selected professional was submitted to the Kappa test. 
The calibration was continued until the agreement was 
excellent (>0.75).

For all implants evaluated, the clinical parameters were 
recorded in a specific clinical file:
a. Visible Plaque Index (VPI) – dichotomous data were 

expressed, the presence (Score 1) or ab‑sence (Score 0) 
was evaluated

b. Gingival Bleeding Index (GBI) – dichotomous 
data were expressed, the presence (Score 1) or 
absence (Score 0) was evaluated

c. Probing pocket depth (PPD) – measured in millimeters, 
as shown in Figure 1

d. BoP – dichotomous data.

All measurements were performed for each implant using 
a periodontal probe (PCPNU 15 Hu‑Friedy Inc., Chicago, 
IL, USA).

Radiographic examination
For the evaluations of  the marginal BL, digital intraoral 
periapical radiographic images of  the 58 implants were 
obtained in a specialized radiological center. These 
periapical radiographs were obtained in Joint Photographic 
Experts Group format and evaluated by two calibrated 
professionals not involved in the surgical and/or prosthetic 
treatment. Intra‑ and inter‑examiner calibrations were 
performed using the Kappa test and the results obtained 
a concordance >0.65. The radiographs were evaluated in 
the same environment to standardize the place where they 
would be evaluated by the professional. Thus, the BL in 
the mesial and distal of  each implant was verified using the 
Windows Photo Viewer Program.

The BL radiographic parameter used was that indicated 
by Mir‑Mari et al.,[12] which considers this dichotomous 
data and classifies it according to the number of  threads 
of  the implant without bone support, as shown in 
Figure 2. The thread pitch was identical for all implants 
evaluated, with approximately 0.6 mm. This parameter 
was measured on the mesial and distal surface of  each 
implant to verify if  the BL was apical to the second 
implant thread or not.

Implant classification
After collection of  clinical and radiographic data, each 
implant was classified as follows, as defined by Mir‑Mari 
et al.:[12]

a. Health – BL <2 thread without BoP

Figure 1: Peri‑implant probing pocket depth, measured in millimeter, 
at the follow‑up
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RESULTS

Of  the 58 implants evaluated, in seven individuals (3 males 
and 4 females), 21 were installed in male and 37 in 
female patients, aged between 63 and 80 years (mean 
70.8 ± 1.32 years). Six of  them had a college degree. The 
mean loading time for the implants was 13.4 ± 3.07 years, 
and each patient selected received, at least, five dental 
implants. The classification of  58 implants was as follows: 
11 (18.9%) were classified as healthy and 12 (20.7%) 
as clinical stability. The other 35 implants (60.4%) 
were diagnosed with peri‑implant disease, of  which 
20 (34.5%) had peri‑implant mucositis and 15 (25.9%) had 
peri‑implantitis, as shown in Table 1.

Regarding the classification of  implants for the presence 
or absence of  peri‑implant diseases, the variables loading 
time (P = 0.41), type of  prosthesis (P = 0.62), type of  
bone (P = 0.07), implant manufacturer (P = 0.13), implant 
diameter (P = 0.18), implant length (P = 0.30), and 
VPI (P = 0.12) did not present a statistically significant 
difference. The variables location of  the implant (P = 0.001) 
and the GBI (P = 0.03) presented a statistically significant 
difference (P = 0.001), as shown in Table 2.

The mean of  the PPD of  the 58 implants was 5.1 ± 1.07 mm. 
The means of  PPD found in the groups classified as the 
presence or absence of  peri‑implant disease did not present 
a statistically significant difference (P = 0.22), as shown 
in Table 3.

DISCUSSION

The present study evaluated a homogeneous group of  
partially edentulous individuals, composed of  seven 
individuals with 58 implants with at least 10 years of  
function. Considering the bacterial composition of  the 
biofilm formed in implants is similar as adjacent teeth, 
this study did not include in the sample total edentulous 
patients, since the subgingival microbiota found in teeth of  
partially edentulous individuals could present as a reservoir 
of  periodontal pathogens in individuals with a history of  
periodontal diseases.[13]

b. Clinical stability – BL ≥2 thread without BoP

Inflammation
c. Peri‑implant mucositis – BL <2 thread with BoP
d. Peri‑implantitis – BL ≥2 thread with BoP or 

suppuration.

Statistical analyzes
In the present study, the implant was a sample unit. The 
classification of  the implant’s variable presents four distinct 
levels (health, clinical stability, peri‑implant mucositis, and 
peri‑implantitis). When tested with dichotomous variables, 
the Chi‑square test was used and when the variable was 
also presented as a polychotomic, a contingency table 
was constructed for Chi‑square application. In the case 
of  numerical (quantitative) variables, a normality analysis 
was applied (assumption of  several parametric tests), 
and according to the result, the Kruskal–Wallis test was 
adopted.

Statistical tests were performed in R‑project 3.2.0 statistical 
software (R Core Team, Vienna, Austria). The level of  
significance established for the tests was 5%, which 
established a 95% confidence interval for the presented 
results, and the power of  a statistical test was 80%.

Table 1: Demographic data and implant classification for the presence of peri‑implant diseases
Patient Gender Age Number of implants Health Stability Mucositis Peri‑implantitis

1 Male 76 5 1 0 0 4
2 Female 68 12 3 3 2 4
3 Male 68 9 1 0 8 0
4 Female 80 7 3 0 2 2
5 Female 63 11 1 5 0 5
6 Male 75 7 0 0 7 0
7 Female 76 7 2 4 1 0
Total (%) 58 (100.0) 11 (18.9) 12 (20.7) 20 (34.5) 15 (25.9)

Figure 2: Digital intraoral periapical radiographic showing an implant 
with apical bone level to the second thread of the implant at the 
follow‑up (red arrows point to the second thread)
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In relation to the number of  individuals, the sample of  
the present study is smaller than other cross‑sectional 
studies.[14‑16] However, studies by Mir‑Mari et al.[12] and 
Rokn et al.[1] include implants in function for <5 years, 
considered the insufficient time to evaluate the development 
of  peri‑implant diseases. According to Karoussis et al.,[13] 
Sgolastra et al.,[10] and Zangrando et al.,[14] a follow‑up of  at 
least 5 years is required to access the information of  the 
peri‑implant tissues, thus ensuring that the information 
observed is a consequence of  the interaction of  the 
microbiota in the peri‑implant sites. In addition, unlike 
the present study, these cross‑sectional studies do not 
present information regarding the inclusion or not, in their 
samples, patients with smoking habits, diabetes, or a history 
of  periodontal disease. It is worth emphasizing that these 
variables could influence the development of  peri‑implant 
disease.[15] In the present study, the dental implant was used 

as the sample unit, due to the sample size. Most studies 
investigating peri‑implant diseases also show their results 
in this way.[16‑19]

The classification used to define the presence of  
peri‑implant diseases was the same one used in the 
cross‑sectional study of  Mir‑Mari et al.[12] These authors 
found the results: 21.4% of  the implants were diagnosed 
for some type of  peri‑implant disease, of  which 15.4% 
had peri‑implant mucositis and 6.0% had peri‑implantitis. 
The present study showed a higher number of  implants 
with peri‑implantitis when compared with the study of  
Mir‑Mari et al.[12] in addition to other studies, such as 
Roos‑Jansåker et al.[6] who found 6.6% of  implants classified 
with peri‑implantitis and Rokn et al.[1] who found 8.8% of  
13 implants classified with peri‑implantitis.. This difference 
may have occurred because the present study presents a 
sample considered a risk group for the development of  
peri‑implant diseases. The study of  Marrone et al.[15] was 
observed a prevalence of  23% for peri‑implantitis, a result 
closer to that found in the present study. For the authors, 
this difference occurred in the group of  total edentulous 
patients, with a history of  periodontal disease. The authors 
believe that periodontal pathogens may persist for a long 
time in the oral cavity, even in edentulous individuals with 
a history of  periodontal disease and when they lose their 
teeth they prone to neglect oral hygiene measures due to 
lack of  motivation, favoring the inadequate control of  
plaque, which may also influence the development of  
peri‑implant diseases.

In the study of  Karoussis et al.,[13] the patients were classified 
in the same way as in the present study, that is, those who 
had lost at least one dental element due to periodontal 
diseases and compared them with periodontally healthy 
patients. The result found in the group of  periodontally 
compromised patients was 28.6% of  implants diagnosed 
with peri‑implantitis, a result like that of  the present study, 
which found 25.9%. The results found for periodontally 
healthy individuals were 5.8% of  implants diagnosed as 
such. Similarly, in a study, Marrone et al.[15] were evaluated 
individuals with a history of  periodontal disease, and 
the result found was 28% of  implants diagnosed for 
peri‑implantitis. There is evidence to support the hypothesis 
the history of  periodontal disease seems to predispose the 
patient to a greater risk of  biological complications, as the 
peri‑implant diseases.[16] Thus, these individuals treated 
with dental implants could present peri‑implant surfaces 
colonized by these pathogens within a few weeks after 
implant placement.[17] This process possibly occurs through 
bacterial translocation from periodontal to the peri‑implant 
tissues.[18]

Table 2: Distribution of the different variables regarding the 
presence of peri‑implant diseases
Implant variable n (%) Peri‑implant disease, n (%) P

Number of implants 58 (100) 35 (60.4)
Prothesis type

Unit 11 (18.9) 8 (72.7) 0.62
Multiple 47 (81.1) 27 (57.4)

Implant location*
Maxilla 28 (48.2) 24 (85.7) 0.001
Mandible 30 (51.8) 11 (36.6)

Bone type
Own 52 (89.6) 29 (55.7) 0.07
Bone grafting 6 (10.4) 6 (100)

Manufactured
Steri‑Oss 10 (17.2) 6 (60.0) 0.13
3I 29 (50.0) 16 (55.1)
Branemark 16 (27.5) 10 (62.5)
Conexão 3 (5.2) 3 (100)

Diameter (mm)
Narrow (<3.75) 5 (8.6) 4 (80.0) 0.18
Regular (3.75 to 4.1) 37 (63.7) 20 (54.0)
Large (>4.1) 16 (27.7) 11 (68.7)

Length (mm)
<10 8 (13.7) 6 (75.0) 0.30
10 to 12 24 (41.3) 13 (54.1)
>12 25 (43.1) 16 (64.0)

Gingival bleeding index*
Present 32 (55.1) 24 (75) 0.03
Absent 26 (44.9) 11 (42.3)

*Statistically significant difference (P<0.05)

Table 3: Data related to the implants classification regarding 
the average probing
Implant 
classification

n PPD 
(mean), mm

BL >2 threads 
(mesial or 

distal), n (%)

BoP 
sites, 
n (%)

Health 11 4.5±0.73
Clinical stability 12 5.5±1.00 5 (41.6)
Peri‑implant diseases 35 81 (57.0)

Mucositis 20 5.2±0.79 44 (55.0)
Peri‑implantitis 15 5.3±1.50 10 (66.6) 37 (61.6)

Total 58 5.1±1.07 15 (25.8) 81 (34.9)

PPD: Probing pocket depth, BL: Bone level, BoP: Bleeding on probing
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In this study, were obtained the measurement of  a BL 
according to the situation of  the marginal bone in relation 
to the implant threads at the time of  the evaluation, like 
that found in other cross‑sectional studies.[15‑18] Peri‑implant 
bone changes can be induced by remodeling after loading or 
due to a subsequent infection.[19,20] However, when the BL 
is apical to the second thread or 2 mm apical to the implant 
platform, probably related to the peri‑implantitis, and this 
bone loss may be associated with an active peri‑implantitis 
or a previous peri‑implantitis, successfully treated.[21] The 
bone destruction caused by peri‑implantitis is characteristic, 
presenting as circumferential craters around the implant. 
Even though the implant is losing support bone due to 
peri‑implantitis, the apical portion maintains the implant 
stabilized, causing bone loss to proceed without notable 
signs of  implant mobility until the osseointegration failed.[22]

Corroborating with Mir‑Mari et al.,[12] none of  the two 
studies was a statistically significant difference for PPD 
between the groups of  implants diagnosed. The results 
of  the two studies show the mean of  PPD could not 
differentiate implants that presented peri‑implant diseases, 
those that diagnosed as healthy or clinical stability. Other 
studies also did not present a statistical difference in the 
mean of  PPD in implants diagnosed for some diseases 
when compared to those without signs of  peri‑implant 
inflammation.[22‑24] Although the PPD is an excellent index 
for evaluating the periodontal health of  teeth, this index 
presents differently when used to evaluate dental implants 
due to the difference in the arrangement of  the found in the 
periodontium and peri‑implant fibers.[23] However, although 
PPD does not permit the diagnosis of  peri‑implant 
diseases, are the alterations in his results, such a progressive 
increase of  pocket probing depth, which will suggest the 
presence of  inflammation at peri‑implant sites.[24]  Similarly, 
the mean of  PPD of  the present study was not able to 
differentiate implants that presented BL located apical to 
the second thread, of  those who did not present such bone 
loss, as in the work of  Mir‑Mari et al.[12] The studies of  Lee 
et al.[16] and Karoussis et al.[13] also showed no correlation 
between PPD and BL, showing that implants with less 
deep pockets (<4 mm) could present higher levels of  
bone loss than implants with deeper pockets (>5 mm). 
For some authors, it is possible to estimate the extent of  
the peri‑implant lesions and the bone destruction that is 
closer to reality through radiographic examinations, when 
compared to the peri‑implant pockets.[25]

The present study showed a statistically significant 
difference for the location of  the implant variable, with 
a higher number of  implants classified for some type of  
peri‑implant disease, in those placements in the maxilla 

when compared to those in the mandible. Individuals 
who have lost some dental element due to periodontal 
disease may present reduced amounts of  bone tissue 
for treatment with dental implants. When rehabilitating 
a patient with a dental implant in posterior areas of  
the maxilla, that present reduction of  bone tissue, the 
treatment can present a lower survival rate, since it is a 
region that presents a bone tissue with poor quantity 
and quality, that is, predominantly marrow bone.[26] This 
poor bone in the posterior maxillary areas may still lead 
to the need for short implants and consequently, the 
need to increase the size of  the prosthetic crown. This 
disproportion of  length between implant and prosthetic 
crown could decrease the survival rates and accentuate 
the biological complications of  the implants. When tooth 
extractions occur in the anterior areas of  the maxilla and 
the etiologic reason is periodontal disease, bone defects 
may happen vestibular dehiscence defects, that is, very 
thin or even absent. Therefore, bone grafting may be 
necessary for the treatment of  implants in these areas, 
since the vestibular bony wall and postextractions are 
reabsorbed in a few weeks and the use of  grafts would 
also favor biological complications of  implants.[27]

In this study, another variable that presented a statistically 
significant difference was the GBI. In the study of  Mir‑Mari 
et al.,[12] implants diagnosed for some type of  peri‑implant 
disease present slightly higher GBI than implants without 
any inflammation. In the study of  Karoussis et al.,[13] the 
authors reported higher GBI on implants in periodontally 
compromised patients, that is, in the group that presented 
a greater number of  implants with inflammatory diseases. 
Similarly, Mengel and Flores‑de‑Jacoby[23] observed that 
implants with higher GBI showed a greater peri‑implant 
bone loss. However, in the studies of  Karoussis et al.,[13] 
Mengel and Flores‑de‑Jacoby,[23] and Mir‑Mari et al.,[12] the 
authors did not report whether there was a statistically 
significant difference in the results regarding the 
GBI. Shibli et al.[26] evaluated implants diagnosed with 
peri‑implantitis and healthy implants. Implants diagnosed 
with peri‑implantitis presented higher GBI and greater 
marginal bone loss when compared to healthy implants, 
and these two variables showed a statistically significant 
difference. According to Mombelli and Décaillet,[24] BoP 
related to histopathological changes in the inflamed tissues 
of  the peri‑implant sites, such as increased vascularization 
and the presence of  ulcerations in the sulcular epithelium. 
A higher peri‑implant vascularization indicates the presence 
of  many cells and little collagen, thus greater inflammation, 
and the manifestation of  these inflammations directly 
related to the profile of  the microbiota present and the 
immune response of  the host to these microorganisms.[27]
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More studies are needed with clearer criteria for the 
classification and diagnosis of  peri‑implant diseases to 
increase the knowledge of  the etiopathogenesis and better 
the understanding of  the risk factors for the development 
of  these diseases.

CONCLUSIONS

It can be concluded that it is possible to rehabilitate 
periodontally compromised patients with dental implants. 
The study showed that the definition of  peri‑implantitis 
presents variability among the studies, and despite the high 
survival rates, it has to be realized that individuals with 
a history of  periodontal disease are more susceptible to 
peri‑implant diseases.
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