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Clinical Review

Introduction
Over the past decades, the utilization of dental implants for oral 
rehabilitation has been considered the standard treatment alter-
native in a broad variety of scenarios due to its apparent pre-
dictability (Jung et al. 2008). Nonetheless, the steady increases 
of biologic complications (i.e., mucositis and peri-implantitis) 
involving implants are triggering a shift in clinicians’ decision 
making of saving questionable natural dentition (Rasperini et al. 
2014). While mucositis is defined as the presence of reversible 
inflammatory soft tissue infiltrate, peri-implantitis involves the 
loss of bone beyond the physiologic crestal bone remodeling 
(Zitzmann and Berglundh 2008). Presently, peri-implantitis 
constitutes a global burden that occurs at a frequency from 1% 
to 47% at implant level (Zitzmann and Berglundh 2008; Atieh 
et al. 2013; Derks and Tomasi 2015; Jepsen et al. 2015). This 
fact may be due in part to the lack of consensus in terminology, 
etiology, and diagnostic criteria (Salvi and Lang 2004; 
Zitzmann and Berglundh 2008; Atieh et al. 2013). First, 
Mombelli et al. (1987) described it as an infectious disease that 
shares features with chronic periodontitis. Currently, although the 
hypothesis of bacterial infection due to plaque accumulation as 

the etiologic factor is still accepted (Jepsen et al. 2015), it does 
not appear to be a unifactorial disease, where patient-, surgical-, 
and prosthetic-related indicators may contribute to its development 
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Abstract
At the present time, peri-implantitis has become a global burden that occurs with a frequency from 1% to 47% at implant level. 
Therefore, we aimed herein at assessing the impact of peri-implant maintenance therapy (PIMT) on the prevention of peri-implant 
diseases. Electronic and manual literature searches were conducted by 3 independent reviewers using several databases, including 
MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, and Cochrane Oral Health Group Trials Register, for articles up 
to June 2015 without language restriction. Articles were included if they were clinical trials aimed at demonstrating the incidence of 
peri-implant diseases under a strict regime or not of PIMT. Implant survival and failure rate were studied as secondary outcomes. A 
meta-analysis was conducted to evaluate the influence of PIMT and other reported variables upon peri-implant diseases. Thirteen and 
10 clinical trials were included in the qualitative and quantitative analysis, respectively. Mucositis was affected by history of periodontitis 
and mean PIMT at implant and patient levels, respectively. Similarly, significant effects of history of periodontal disease were obtained 
for peri-implantitis for both implant and patient levels. Furthermore, mean PIMT interval was demonstrated to influence the incidence 
of peri-implantitis at implant but not patient level. PIMT interval showed significance at both levels. For implant survival, implants 
under PIMT have 0.958 the incident event than those with no PIMT. Within the limitations of the present systematic review, it can be 
concluded that implant therapy must not be limited to the placement and restoration of dental implants but to the implementation of 
PIMT to potentially prevent biologic complications and hence to heighten the long-term success rate. Although it must be tailored to a 
patient’s risk profiling, our findings suggest reason to claim a minimum recall PIMT interval of 5 to 6 mo. Additionally, it must be stressed 
that even in the establishment of PIMT, biologic complications might occur. Thus, patient-, clinical-, and implant-related factors must be 
thoroughly explored.
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and severity (Heitz-Mayfield 2008; Albrektsson et al. 2012; 
Konstantinidis et al. 2015).

In the arena of periodontology, supportive periodontal ther-
apy has been demonstrated to be essential in preventing the 
incidence or recurrence of periodontal diseases (Lovdal et al. 
1961; Rosling et al. 1976; Nyman et al. 1977; Ramfjord 1987; 
Axelsson et al. 2004). The protocol is tailored according to a 
patient’s risk profiling (Tonetti et al. 2015). For instance, in the 
presence of history of periodontal therapy, subgingival micro-
biota containing large numbers of spirochetes and motile rods 
may recolonize the pockets 4 to 8 wk after scaling (Magnusson 
et al. 1984). Likewise, routine maintenance of dental implants 
has been recommended to prudently circumvent peri-implant 
inflammation (Wilson et al. 2014). Certainly, understanding 
the nature of peri-implant tissues (Berglundh et al. 1991; 
Moher et al. 2009) and their disease pattern (Albouy et al. 
2008) would be important to consider, even surpassing impor-
tance. Hultin et al. (2007) conducted a systematic review to 
evaluate whether peri-implant maintenance therapy (PIMT) is 
effective in prevention of biologic complications. Although its 
possible role in peri-implant tissue stability was identified, 
they could not draw conclusive results due to the lack of evi-
dence. Henceforth, because of the increasing research interest 
within this field and the paramount concern of peri-implant 
disease prevention as the utmost effective intervention to 
maintain tissue stability (Jepsen et al. 2015), the present sys-
tematic review aims at assessing the impact of maintenance 
therapy on the incidence of peri-implant diseases.

Material and Methods
This review was written and conducted according to the PRISMA 
guidelines (Preferred Reporting Items for Systematic Reviews 
and Meta-analyses; Moher et al. 2009; see Appendix Fig.).

Focused Question

What is the impact of PIMT upon the incidence of biologic 
complications (i.e., mucositis and peri-implantitis)?

PICO Question: Patient, Intervention, 
Comparative, Outcome (Stone 2002)

P: Mandibular and/or maxillary complete or partial edentu-
lous healthy subjects in need of dental implants to restore 
oral function

I: Enrollment in regular recall interval for PIMT after 
implant placement/intervention for treatment of peri-
implant disease

C: 
C

1
: No regular interval for PIMT 

C
2
: Longer interval for PIMT compared with the test 
group

O: 
Primary outcome: Incidence of biologic complications 

(i.e., peri-implant mucositis and peri-implantitis at 
implant and patient levels) 

Secondary outcomes: Implant survival rate (ISR) and 
implant failure rate (IFR)

Information Sources and Data Extraction

Electronic and manual literature searches were conducted by 3 
independent reviewers (A.M., L.A., K.T.D.) in several data-
bases, including MEDLINE, EMBASE, Cochrane Central 
Register of Controlled Trials, and Cochrane Oral Health Group 
Trials Register, for articles up to June 2015 without language 
restriction. Three reviewers independently extracted the data 
from studies (L.A., K.T.D., A.M.). Publications that did not 
meet the inclusion criteria were excluded. In case of disagree-
ment, consensus was reached by discussion with a fourth 
reviewer (M.A.A.)

Screening Process

For the PubMed library, combinations of controlled terms 
(MeSH and EMTREE) and keywords were used whenever 
possible. In addition, other terms not indexed as MeSH and 
filters were applied. As such, the key terms used were as 
follows:

((((dental implant [MeSH Terms]) OR implantation, 
endosseous [MeSH Terms]) AND maintenance [MeSH Terms]) 
OR prophylaxis, dental [MeSH Terms]) OR periodontal 
attachment loss [MeSH Terms]

This preliminary screening was limited to “humans” and “clin-
ical trials.” A second, broader screening was conducted owing 
to the small number of articles found indexed with the prelimi-
nary screening strategy:

(((((dental implants [MeSH Terms]) OR endosseous dental 
implantation [MeSH Terms]) AND supportive periodontal 
therapy) OR maintenance) AND peri-implantitis).

Again, “humans” and “clinical trials” were applied as restricted 
studies. On the other side, for the EMBASE and Cochrane 
Libraries the key terms used were

(Title, Abstract, Keywords): dental implant AND supportive 
therapy OR maintenance AND peri-implantitis OR biologic.

The screening in such databases were limited to “clinical tri-
als” AND “humans.” In addition, an electronic screening of the 
grey literature at the New York Academy of Medicine Grey 
Literature Report (http://greylit.org) was conducted as recom-
mended by high standards for systematic reviews (i.e., 
Assessment of Multiple Systematic Reviews [AMSTAR] 
guidelines; Shea et al. 2009).

Additionally, a manual search of periodontics-related jour-
nals, including Journal of Dental Research, Journal of Clinical 
Periodontology, Journal of Periodontology and the Inter- 
national Journal of Periodontics and Restorative Dentistry, 
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from January 2014 up to February 2015, was performed to 
ensure a thorough screening process. References of included 
articles were also screened to check all available articles.

Eligibility Criteria

Articles were included in this systematic review if they met the 
following inclusion criteria:

•• Prospective or retrospective, randomized or not, cohort 
or case series trials involving human subjects aimed at 
showing the incidence or recurrence of peri-implant 
diseases under a strict regime of PIMT or not

•• Rough surface implant, with or without smooth surface 
collar

•• Subjects, N ≥ 10
•• Clinical trials with >6-mo follow-up
•• Articles where the frequency of PIMT could not be 

clearly extracted were included in the qualitative but 
not the quantitative analysis (meta-analysis)

Systematic reviews, animal trials, case reports, in vitro studies, 
and those studies that did not meet the inclusion criteria were 
excluded. Furthermore, for quantitative assessment, clear 
descriptions of PIMT intervals as well as incidence of biologic 
complications had to be reported. In case of unclear data, 
authors were contacted to provide the data.

Risk of Bias

Two reviewers (A.M. and M.A.A.) designed and assessed the 
proposal for the present project to make sure the PRISMA and 
AMSTAR guidelines were followed to avoid risk of bias and 
provide a high level of evidence. PRISMA consists of a 27-item 
checklist and a 4-phase flow diagram. Additionally, AMSTAR 
guidelines (Shea et al. 2009) were followed to ensure high 
quality regarding the methodology of this systematic review, 
with incidence of peri-implant diseases the primary outcome.

Qualitative Assessment

The Newcastle-Ottawa Scale (NOS) was used to evaluate the 
methodological quality of nonrandomized included studies. Two 
independent reviewers (M.A.A. and A.M.) evaluated all the 
included articles (Stang 2010). The topics evaluated were selec-
tion of study groups, comparability of patients, and outcome. 
Each included study received a maximum of 13 points for cohort 
studies and 10 points in case-control studies. The Cohen kappa 
coefficient was used to assess interrater agreement.

Statistic Analysis

A multivariate negative binomial regression was used to exam-
ine potential effects of PIMT; history of periodontitis and mean 
PIMT interval on incidence of mucositis (at patient and implant 
levels); and peri-implantitis (at patient and implant levels), 

ISR, implant success rate, and IFR. The follow-up period was 
the exposure variable, and the number of participants (or 
implants, as appropriate) was used as weights. Robust standard 
errors were used. For the calculation of PIMT interval on inci-
dence of biologic complications, PIMT range and mean PIMT 
were found to be highly correlated (r = 0.80); therefore, PIMT 
range was considered as a single independent factor. The range 
was computed as the difference among the 3 extremes of the 
PIMT treatment. A null range value was assigned to the control 
non-PIMT groups.

Results

Screening Process

A total of 1742 records were identified through the electronic 
search, 50 citations from the manual search, and 89 records 
from other sources (grey literature, references list, and unpub-
lished articles). After exclusion of duplicates, there were 1877 
records of potential interest to screen. Then, after excluding 
articles based on their titles and abstracts, 31 studies were left 
for full-text assessment. Finally, 18 studies were excluded for 
not meeting the strict inclusion criteria (Appendix Table 1), 
and 13 studies reporting the incidence or prevalence of bio-
logic complications in patients under a clearly reported PIMT 
were considered for qualitative analysis (Fig. 1; Table).

Influence of PIMT upon primary outcomes (Figs. 2–5)
Implant level. For mucositis, a negative binomial model 

was fitted. History of periodontal disease showed negative 
effects (z = −8.12, P < 0.001; lower mucositis with larger num-
ber of patients with history of periodontitis). Moreover, PIMT 
interval was shown to significantly influence the incidence of 
mucositis at this level (z = 8.64, P < 0.001). Significant effects 
of treatment (z = −19.04, P < 0.001), history of periodontitis 
(z = −14.64, P < 0.001; increased peri-implantitis with larger 
number of patients with history of periodontitis), and mean 
PIMT (z = −29.31, P < 0.001) were obtained for peri-implantitis. 
Additionally, a significant effect was found for the intervals 
of PIMT on the incidence of peri-implantitis at this level (z = 
−5.26, P < 0.001).

Patient level. For mucositis, there were significant effects 
of treatment (z = −14.36, P < 0.001), history of periodonti-
tis (z = −5.83, P < 0.001; lower mucositis with larger number 
of periodontal disease patients), and mean PIMT interval (z = 
−21.07, P < 0.001; lower peri-implantitis with larger interval). 
PIMT range did show an influence on mucositis at this level 
(z = −3.07, P = 0.002). For peri-implantitis, the same negative 
binomial model was applied. Significant effects of treatment 
(z = −16.63, P < 0.001), history of periodontal disease (z = 
3.79, P < 0.001; increased peri-implantitis with larger num-
ber of patients with history of periodontal disease), and mean 
PIMT (z = −3.94, P < 0.001) were observed. In addition, PIMT 
interval demonstrated a significant effect on the incidence of 
peri-implantitis at this level (z = −26.51, P < 0.001).
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Influence of PIMT upon secondary outcomes
Implant survival rate. Effects of mean PIMT (z = −7.88,  

P < 0.001) were obtained, as were marginal effects of history 
of periodontitis (z = 1.91, P = 0.056). Implants under PIMT 
have 0.958 the incident event than those with no PIMT.

Implant failure rate. Significant effects of history of peri-
odontitis (z = 38.03, P < 0.001) and mean PIMT (z = −30.59, 
P = 0.001).

Quality Assessment

After the screening process, 13 studies included in the qualita-
tive assessment were analyzed with NOS (see Appendix Table 
2). A Cohen kappa interrater agreement rate of 0.89 was reached. 
After the disagreements were discussed between the examiners 

(M.A.A. and A.M.), a mean NOS score of 5.30 ± 1.32 was 
obtained. Among the included observational studies, Cho-Yan 
Lee et al. (2012) obtained the highest quality, with 8 stars.

Discussion

Principal Findings

Periodontal supportive therapy adherence has shown to be of 
crucial importance for the long-term maintenance of natural 
dentition (Becker, Becker, et al. 1984; Becker, Berg, et al. 
1984; Lindhe et al. 1984; Lindhe and Nyman 1984). 
Maintenance around dental implants should be considered of 
utmost importance due to the nature of peri-implant tissues 
(Tomasi et al. 2014); nonetheless, to date, there is no consensus 
on the ideal interval of PIMT for the adequate care of dental 

Table. Descriptive Information of the Included Studies in the Qualitative Analysis.

Author Year; Follow-up, mo

 
PIMT, Mean 
Interval, moa

Mucositis Level, % Peri-implantitis Level, %

Subjects, n Implants, n Patient Implant Patient Implant MBL, mm ISR, % ISS, % IFR, %

Aguirre-Zorzano et al. 2013; 12
27 4 123 18.5 NR 3.7 NR 0.16 ± 0.15 100 NR 0
22 0 123 50 NR 22.7 NR 0.62 ± 0.94 99.18 NR 0.82

Costa et al. 2012; 60
39 11 157 UC UC 18 10.8 UC 99.37 NR 0.63
41 0 183 UC UC 43.9 28.4 UC 98.4 NR 1.6

Frisch et al. 2013; 168
22 7.5 (3 to 12) 89 36.4 21.3 9.1 8 1.8 ± 1.5 98.9 NR 1.1

Karoussis et al. 2004; 120
89 4.5 (3 to 6) 179 NR NR NR 15.4 UC 92.4 69.8 7.6

Swierkot et al. 2012; 60 to 192
35 3 22 74.2 56 42.8 26 NR 96 33 4
18 3 30 44.4 40 11.1 10 NR 100 50 0

Pjetursson et al. 2012; 95
70 NR 165 NR NR 38.6 22.2 UC 95.8 NR 4.2

Cho-Yan et al. 2012; 96
30 NR 56 NR NR 36.7 26.7 0.45 ± 0.94 98.4 NR 1.6
30 NR 61 NR NR 16.7 13.1 0.26 ± 0.72 NR  

Degidi et al. 2012; 120
59 6 210 NR 10.1 NR 8.2 1.93 ± 0.40 97.62 65.26 2.38

Aguirre-Zorzano et al. 2015; 63
239 5 (4 to 6) 786 24.7 12.8 15.1 9.8 4.3 ± 1.9 NR NR NR

Ferreira et al. 2006; 6 to 60
94 3.5 (1 to 6) 578 64.6 61.7 8.9 8.5 NR NR NR NR
118 >6 66.95 9.3 NR  

Marrone et al. 2013; 102
58 NR 266 31 38 34.5 23 3.8 NR NR NR
45 NR 40  

Mir-Mari et al. 2012; 76
245 4.5 (3 to 6) 964 38.8 21.6 16.3 9.1 UC NR NR NR

Rinke et al. 2011; 68
58 4.5 (3 to 6) 43.1 NR 3.44 NR UC NR NR NR
31 5 (4 to 6) 48.3 NR 25.8 NR UC  

IFR, implant failure rate; ISR, implant survival rate; ISS, implant success rate; MBL, marginal bone loss; NR, not reported; PIMT, peri-implant 
maintenance therapy; UC, unclear.
Outcomes: mucositis level, peri-implantitis level, marginal bone loss, implant survival rate, implant success rate, implant failure rate.
aRange in parentheses.
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implants. The present systematic review showed the positive 
impact of PIMT on peri-implant tissue health as well as ISR. 
Moreover, these findings showed that the reasonable interval 
of PIMT might be 5 to 6 mo because of the positive significant 
impact on incidence of peri-implantitis. By any means, PIMT 
as supportive periodontal therapy must be customized accord-
ing to patients’ risk profiling. Furthermore, we have corrobo-
rated robust previous findings (Schou et al. 2006; Roos-Jansåker 
2007; Pjetursson et al. 2012; Konstantinidis et al. 2015) 

showing the critical role of periodontal disease history and that 
it contributes to the incidence of mucositis and peri-implantitis. 
Therefore, in some subjects, further implementation of PIMT 
could be suggested because of the higher risk of developing 
peri-implant diseases.

Figure 1. Mucositis at patient and implant levels as a function of 
treatment. PIMT, peri-implant maintenance therapy.

Figure 2. Peri-implantitis at patient and implant levels as a function of 
treatment. PIMT, peri-implant maintenance therapy.

Figure 3. Incidence rate ratio of mucositis and peri-implantitis at 
patient and implant levels as a function of range (in months) of peri-
implant maintenance therapy.

Figure 4. Incidence of mucositis and peri-implantitis at implant and 
patient levels according to history of periodontitis (years).

 at Kings College London - ISS on March 21, 2016 For personal use only. No other uses without permission.jdr.sagepub.comDownloaded from 

© International & American Associations for Dental Research 2015

http://jdr.sagepub.com/


Maintenance Therapy and Peri-implant Diseases 377

Agreements and Disagreements  
with Previous Studies

Owing to the nature of the matter investigated, the lack of bias-
free studies (no randomized controlled trials due to ethical 
principles) allows us to compare our findings. A previous sys-
tematic review aimed at studying the influence of supportive 
peri-implant maintenance on long-term ISR could not draw 
clear conclusions because of the poor evidence available 
(Hultin et al. 2007). Atieh et al. (2013) more recently suggested 
the effect of supportive periodontal therapy upon the rate of 
occurrence of periodontal diseases. A current clinical trial sug-
gested that the simple fact of enrolling subjects for preventive 
PIMT may reduce the risk of peri-implantitis from 43.9% to 
18% at patient level (Costa et al. 2012). Likewise, Aguirre-
Zorzano et al. (2013) noted that by the regular performance of 
PIMT with a mean recall of 4 mo, peri-implant diseases could 
be nearly prevented. Rinke et al. (2011) showed similar find-
ings when comparing regular versus irregular PIMT recalls. 
Hence, in agreement with results from this systematic review, 
it demonstrated a relevant impact of PIMT and its frequency 
upon the prevention of peri-implant diseases.

Clinical Implications

Peri-implantitis and periodontal disease are entities that have 
been defined as infectious (Lang et al. 2011). Accordingly, tis-
sue maintenance to prevent their occurrence is imperative. 
Long-term longitudinal studies in the area of periodontology 
showed the positive effect of maintenance therapy to minimize 
tooth loss (Hirschfeld and Wasserman 1978; Becker, Becker,  
et al. 1984; Becker, Berg, et al. 1984; Lindhe and Nyman 
1984). In the arena of implantology on the contrary, there is 
still a lack of longitudinal studies to determine its actual sig-
nificance. The cumulative interceptive supportive therapy was 
developed on the basis of certain clinical and radiographic 
parameters to monitor, detect, and arrest inflammation involv-
ing peri-implant tissues (Lang et al. 2000). However, to date, 
there is no evidence-based guideline/protocol for prevention of 
peri-implant diseases. Therefore, according to our results, their 
incidence can be minimized with routine control to identify 
any possible etiologic or contributing factor of peri-implantitis. 
Previously, several studies on experimental peri-implant muco-
sitis in humans demonstrated the cause and effect between the 
accumulation of bacterial plaque and the development of 
mucositis and its reversibility once plaque control is reinsti-
tuted (Pontoriero et al. 1994; Zitzmann et al. 2001; Salvi et al. 
2012). In this sense, one other interesting fact that can be 
inferred from our results is that even in the strict enrollment of 
the PIMT, biologic complications may occur. As such, even 
now considering the plaque-dependent hypothesis as the pri-
mary etiologic factor (Jepsen et al. 2015), local contributing 
factors must be further explored. As a matter of fact, in the few 
longitudinal studies, an important aspect was pointed out: that 
implant-, clinician-, and patient-related factors might trigger a 
so-called foreign-body reaction jeopardizing peri-implant 

bone-level stability and leading to a noninfective peri-implant 
lesion (Albrektsson et al. 2012).

Limitations and Recommendations  
for Future Research

It is important to highlight major limitations from the present 
work. First, because of ethical principles, peri-implantitis cannot 
be studied by restricting the patient from conducting oral hygiene 
to observe the appearance and development of the disease. 
Therefore, the questionable design of the studies within this mat-
ter may not reflect the state of the art on PIMT. Additionally, the 
large range of intervals evaluated may not accurately reveal its 
impact on the incidence of biologic complication. For instance, 
it does not seem logical that in a 2- to 3-mo PIMT program  
follow-ups, the incidence of peri-implantitis at patient and 
implant levels is higher as compared with that at 5 to 6 mo. 
Furthermore, recent evidence demonstrated that periodontitis 
and peri-implantitis lesions exhibit critical histopathologic dif-
ferences that may help in the understanding in the onset and pro-
gression of peri-implantitis (Carcuac and Berglundh 2014). 
Also, it was shown that implant surface characteristics may 
influence spontaneous progression of peri-implantitis (Albouy 
et al. 2008). Therefore, because of our inclusion criteria to mini-
mize risk of bias (i.e., rough surface implants with >6 mo of 
follow-up), caution must be exercised when interpreting and 
extrapolating our findings to the daily implant practice.

Thus, although of clinical relevance, findings from the pres-
ent study must be cautiously interpreted. Since this review has 
demonstrated that PIMT is highly imperative, future longitudi-
nal research should focus on the frequency of PIMT recall on 

Figure 5. Incidence ratios for mucositis and peri-implantitis at implant 
and patient levels as a function of mean peri-implant maintenance 
therapy (PIMT).
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the incidence of peri-implant diseases and its burden on  
arresting mucositis. In addition, local as well as systemic con-
tributing factors responsible for triggering an inflammatory 
process around dental implants in the lack of infection must be 
studied. Last but not the least, because of the lack of consistent 
consensus in the definition (Zitzmann and Berglundh 2008; 
Charalampakis et al. 2014), investigations must be conducted 
to determine to what extent bone loss around dental implants 
should be considered “peri-implantitis” as an entity and thus 
the need of nonsurgical or surgical intervention to arrest dis-
ease progression.

Conclusions
Within the limitations of the present systematic review, it can 
be concluded that implant therapy must not be limited to the 
placement and restoration of dental implants but to the imple-
mentation of PIMT to potentially prevent biologic complica-
tions and hence heighten the long-term success rate. Although 
it must be tailored to a patient’s risk profiling, our findings 
suggest reason to claim a minimum recall PIMT interval of 5 to 
6 mo. Additionally, it must be stressed that even in the estab-
lishment of PIMT, biologic complications might occur. Hence, 
patient-, clinical-, and implant-related factors must be thor-
oughly explored.
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