Journal of Periodontal Research W I L E Y

Journal of

PERITODONTAL RESEARCH

| sYSTEMATIC REVIEW CEITED

Effectiveness of Implant Therapy in Patients With and
Without a History of Periodontitis: A Systematic Review
With Meta-Analysis of Prospective Cohort Studies

Marco Annunziata! | Gennaro Cecoro! | Agostino Guida? | Gaetano Isola® | Paolo Pesce* |
Roberto Sorrentino® 2 | Massimo del Fabbro®’ (2 | Luigi Guida!

'Multidisciplinary Department of Medical-Surgical and Dental Specialties, University of Campania “Luigi Vanvitelli”, Naples, Italy | 2U.O.C.
Odontostomatologia, A.O.R.N. “A. Cardarelli”, Naples, Italy | *Department of General Surgery and Surgical-Medical Specialties, School of Dentistry,
University of Catania, AOU “Policlinico-San Marco”, Catania, Italy | “Department of Surgical Sciences and Integrated Diagnostics (DISC), Genova
University, Genoa, Italy | *Department of Neurosciences, Reproductive and Odontostomatological Sciences, Division of Prosthodontics, Scientific Unit of
Digital Dentistry, University “Federico II” of Naples, Naples, Italy | °Department of Biomedical, Surgical and Dental Sciences, University of Milan, Milan,
Italy | “Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy

Correspondence: Marco Annunziata (marco.annunziata@unicampania.it)
Received: 11 June 2024 | Revised: 12 September 2024 | Accepted: 16 September 2024
Funding: The authors received no specific funding for this work.

Keywords: dental implants | implant loss | implant survival | marginal bone loss | observational studies | peri-implant diseases | periodontal diseases

ABSTRACT

Aim: This systematic review investigates the effectiveness of implant therapy in patients with and without a history of periodon-
titis in terms of implant loss, peri-implant marginal bone loss (MBL), and occurrence of peri-implant diseases.

Methods: The protocol of the present meta-analysis was registered on PROSPERO (CRD42021264980). An electronic search was
conducted up to April 2024. All prospective cohort studies reporting implant loss, MBL, and occurrence of peri-implant diseases
in both patients with a history of periodontitis (HP) and patients with no history of periodontitis (NHP) after at least 36-month
follow-up were included. The risk of bias was evaluated using the Newcastle-Ottawa Scale and the quality of the evidence was
also assessed. A meta-analysis was performed on the selected outcomes at the available follow-up time points. Subgroup analyses
were conducted based on follow-up time, rate of progression and severity of periodontitis, and implant surface characteristics.
Publication bias was evaluated using the Funnel plot and Egger's test.

Results: From 13761 initial records, 14 studies (17 articles) were finally included. Eight studies had a low risk of bias level, and
six had a medium risk of bias level. Meta-analysis showed that HP patients had a significantly greater risk for implant loss (HR:
1.75; 95% CI: 1.28-2.40; p=0.0005; I>=0%), MBL (MD: 0.41 mm; 95% CI 0.19, 0.63; p=0.0002; I>=54%), and peri-implantitis
(3.24; 95% CI: 1.58-6.64; p=0.001; I>=57%) compared to NHP, whereas no significant intergroup difference for peri-implant
mucositis was found. Subgroup analyses revealed a particularly greater risk for implant loss for HP patients over a >10-year
follow-up (HR: 2.02; 95% CI: 1.06-3.85; p=0.03; I? = 0%) and for patients with a history of grade C (formerly aggressive) periodon-
titis (HR: 6.16; 95% CI: 2.53-15.01; p <0.0001; I?=0%). A greater risk for implant loss for stages ITI-1V (severe) periodontitis, and
implants with rough surfaces was also found.
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Conclusions: Within the limits of heterogeneous case definitions and methods of assessment, a history of periodontitis has been
proved to significantly increase the risk for implant loss, particularly at long follow-up (> 10years) and in case of rapidly progres-

sive forms (grade C), and for MBL and peri-implantitis.

1 | Introduction

Periodontitis is the most common chronic inflammatory non-
communicable human disease and the main cause of tooth loss
in adult populations in industrialized countries [1]. In the last
decades, the use of osseointegrated dental implants has become
an established and widely used treatment option for rehabili-
tating both fully and partially edentulous patients [2, 3]. The
high prevalence of peri-implant diseases, however, between
43% and 46.83% for peri-implant mucositis and between 19.5%
and 22% for peri-implantitis at patient level [4-7], has gained
attention in recent years, consistently with the increased
use of dental implants for oral rehabilitations. Following the
principles of primordial prevention of peri-implant diseases,
in patients awaiting implant placement, complete patient in-
formation, thorough assessment of the patient's risk profile
to identify and manage modifiable risk factors/indicators for
peri-implant diseases, as well as guideline-conformed treat-
ment of periodontal disease to a stable endpoint and adher-
ence to a supportive care program prior to implant placement
are strongly recommended [6]. Nevertheless, even in the case
of a completely stable periodontal condition (i.e., periodontal
health on a reduced periodontium in a patient with a history
of periodontitis), such a patient still remains at increased risk
of recurrent progression of periodontitis [8] and a history of
periodontitis has been indicated as a risk indicator of peri-
implantitis together with poor plaque control skills and no reg-
ular maintenance care after implant therapy [9-11]. In fact,
a double link between periodontitis and implant treatment
exists: periodontitis is the main cause of tooth loss in adults,
so a large part of patients requiring implant treatment have a
history of periodontitis and, in turn, implant treatment, and its
prognosis in the long term, may significantly be affected by a
history of periodontitis.

Although several longitudinal studies have shown evidence of
a negative impact of the history of periodontitis on implant
prognosis, systematic reviews on this topic have failed to draw
definitive conclusions in the past [12, 13]. In many cases, the
high heterogeneity of the included studies did not allow for
quantifying the risk by reliable meta-analyses of available
data. Some authors have reported a significantly greater risk
of implant loss in patients with a history of periodontitis than
in patients with no history of periodontitis, with a risk ratio
(RR) ranging from 0.25 to 1.89 [14-16], whereas some other
studies reported no significant difference in the risk for im-
plant loss between patients with and without a history of peri-
odontitis [17, 18].

More recent meta-analyses supported the association between
a history of periodontitis and implant loss, including studies
with variable design [19] or focusing exclusively on prospective
cohort studies [20] to limit the bias due to retrospective and
cross-sectional studies and strengthen the evidence. Both these

studies have investigated the role of the observation time (fol-
low-up) for this association to become evident, but no univocal
conclusions could be reached. While, indeed, Carra et al. [19]
affirmed that follow-ups shorter than 5years appear to be in-
sufficient to detect a significant difference in implant survival
between patients with and without a history of periodontitis,
Serroni et al. [20] found a significant effect also for studies with
a < 5-year follow-up. Other variables possibly affecting the true
relationship between exposure and outcome, including the char-
acteristics of implants (surface modifications) and of periodonti-
tis patients experienced (severity and rate of progression), were
not assessed. Furthermore, other outcomes, such as the occur-
rence peri-implant mucositis, were not examined by previous
similar studies.

In virtue of these considerations, we aimed, with this study, to
evaluate the effectiveness of implant therapy in patients with
and without a history of periodontitis in terms of implant loss,
marginal bone loss (MBL), and occurrence of peri-implant dis-
eases through the systematic assessment of the available sci-
entific evidence exclusively derived from prospective studies,
evaluated for study bias by the Newcastle-Ottawa Scale (NOS),
meta-analyzed with sensitivity and subgroup analyses for rele-
vant variables, and assessed for quality of evidence.

2 | Methods

The 2020 version of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement
[21] was followed. The review protocol was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO: CRD42021264980). The following focused ques-
tion, according to the PECO(ST) framework [22], aimed to be
answered: what is the effectiveness of implant therapy in adult
patients with missing teeth (population), with a history of peri-
odontitis (exposure), compared to patients without a history of
periodontitis (comparison), in terms of risk of dental implant
loss (primary outcome), peri-implant MBL, peri-implant muco-
sitis and peri-implantitis (secondary outcomes), basing on pro-
spective cohort studies (study type) with a minimum follow-up
of 36 months (time).

2.1 | Search Strategy and Data Sources

A computerized, systematic search of the literature was per-
formed using MEDLINE (PubMed, www.ncbi.nlm.nih.gov/
pubmed), clinicaltrials.gov, and Embase. The detailed search
strategy for each electronic database consulted is presented in
Table S1. The last electronic search was performed on April
2024. In addition, a manual search was performed, including
gray literature, field experts, printed scientific journals, and ref-
erence lists of previous systematic reviews.
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2.2 | Selection Criteria

Exclusively prospective cohort studies comparing patients with
a history of periodontitis (HP) and patients with no history of
periodontitis (NHP) submitted to dental implant therapy that
reported data on implant survival/loss, and/or peri-implant
bone level changes and/or occurrence of peri-implantitis or peri-
implant mucositis, with a follow-up >36 months were included.
Conference abstracts or full-text studies with unclear designs,
unclear definitions of the study groups, or incomplete data were
excluded.

2.3 | Study Selection and Data Extraction

Two independent reviewers (MA and GC) initially screened all
articles based on titles and abstracts and imported them to a ref-
erence manager to remove duplicates. Afterward, full texts were
carefully examined and included or excluded by selection crite-
ria. Any disagreement was resolved via discussion with a third
author (MDF). Agreement between reviewers was assessed
using Cohen's kappa coefficient (k). Data concerning patient
and treatment characteristics and clinical outcomes for each
available follow-up for primary and secondary outcomes were
independently extracted from all eligible studies by the same
two reviewers. A third independent reviewer (MDF) verified
the correctness of the extracted data from each primary study.
When more articles referred to the same study, data were com-
pared and, if possible, integrated. When additional information
was required, authors were contacted. Two patient groups were
created: patients with a history of periodontitis and patients
with no history of periodontitis. The latter term was preferred to
“periodontally healthy patients,” due to the lack, in most of the
literature before the 2018 classification of periodontal disease, of
a specific case definition of “periodontal health,” and the possi-
ble inclusion of patients with gingivitis. Implant loss was consid-
ered as the primary outcome. It was defined as the ratio between
the number of implants lost at the follow-up and those originally
placed (implant level). The following secondary outcomes, both
at patient and implant levels, were considered: MBL, defined as
the difference in crestal bone height between baseline (implant
placement or implant loading) and follow-up measures; peri-
implantitis and peri-implant mucositis rate, as the number of pa-
tient/implants that experienced peri-implantitis or peri-implant
mucositis over the total number of patient/implants throughout
the follow-up.

For each study, the following data were extracted and recorded,
when available, using a dedicated form to facilitate the process:
first author name, year of publication, study country, study set-
ting (private practice or university), mean duration of follow-up,
implant brand, implant surface, total number of patients and
implants for each group, average patients age, patients gender,
systematic diseases associated with the mechanisms of osse-
ointegration (e.g., diabetes mellitus, osteoporosis), smoking pa-
tients, insertion of postextractive implants, bone augmentation
procedures performance, type of prosthesis, implant location,
supportive periodontal care (SPC) and Supportive Peri-Implant
Care (SPIC) timing, funding sources, implant survival (or fail-
ure) rate, reasons for implant failure, periodontitis classification,
peri-implantitis and peri-implant mucositis definition, incidence

of peri-implantitis and peri-implant mucositis, as well as radio-
graphic peri-implant parameters (MBL), with their definition
and assessment parameters.

2.4 | Risk of Bias Assessment

The risk of bias was independently assessed by two authors
(AG and RS) according to the NOS [23], a tool for evaluating
the methodological quality of meta-analyses of observational
studies. Any discrepancies between the two investigators were
resolved through consensus, with a third investigator (LG) con-
sulted in case of uncertainty.

2.5 | Quality of Evidence

The quality of evidence emerging from the analysis of pri-
mary and secondary outcomes was assessed by applying crite-
ria in concordance with previously published reviews [13, 24].
Associations with significant random-effect sizes (i.e., p <0.05)
were graded as convincing (Class I), highly suggestive (Class II),
suggestive (Class III), or weak (Class IV) evidence (Table S2).

2.6 | Data Analysis

A meta-analysis was performed on primary and secondary
outcomes. When more than one article referred to the same pa-
tient cohort, the one with the longer follow-up was considered.
Negative and positive MBL values were used to indicate bone
loss and bone gain, respectively. Effect sizes were displayed
as mean difference (MD) for continuous variables or Mantel-
Haenszel (MH)-weighted risk ratio (RR) for dichotomous vari-
ables, respectively, with 95% confidence intervals (CIs). Hazard
ratio (HR) and 95% CI, to compare implant loss between patient
groups, were calculated as previously described [25]. Forest plots
were created to illustrate the effects of the different studies and
global effect estimation. RevMan 5 software (Review Manager,
version 5.4, the Cochrane Collaboration, 2020, London, UK) was
used to perform the statistical analyses. Statistical significance
was defined as a p<0.05. Heterogeneity was assessed by the I?
statistic, and values of 25%, 50%, and 75% were considered as low,
moderate, and high heterogeneity, respectively. Random-effect
models were used to adopt a more conservative approach, as a
significant interstudy heterogeneity was expected [26]. Funnel
plots were considered a tool for assessing publication bias if the
meta-analysis contained enough trials to make a visual inspec-
tion meaningful (10 trials minimum). Quantitative evaluation
was obtained by Egger's test. The robustness of the results and
the potential sources of heterogeneity were explored by perform-
ing subgroup and sensitivity analyses whenever indicated.

3 | Results

The electronic search retrieved a total of 13761 items. After du-
plicate removal, 12577 articles were screened and 38 remained
after the title and abstract evaluation. The full-text assessment
led to the exclusion of other 21 articles (Table S3). Seven au-
thors were contacted and asked to provide missing data; one
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responded (14%). The k value for the inter-reviewer agreement
for potentially pertinent papers was 0.865 (for selecting titles
and abstracts) and 0.894 (for selecting full-text articles). Finally,
data from 17 articles published between 2003 and 2023 [27-43]
derived from 14 studies (one study participated with two reports
and another study with three reports) were included. The selec-
tion process is shown in Figure S1.

3.1 | Characteristics of the Included Studies

The characteristics of the 14 included studies (17 articles) [27-43]
are summarized in Tables 1-3.

3.2 | Number of Studies, Reports, Patients,
and Implants

Two articles report data from the same cohort at different fol-
low-up times [37, 38], while an adjunctive article separately
reports data regarding peri-implant diseases [40]. Two articles
report data from the same cohort at the same follow-up: one
paper reports implant loss and radiographic bone loss, while
other clinical data are presented in a separate paper [39, 41]. The
total number of patients analyzed in the studies included in the
present systematic review was 1612, 916 HP and 696 NHP pa-
tients. A total of 4389 implants were analyzed, 2780 in HP pa-
tients and 1609 in NHP patients. The age of enrolled patients
ranged from 19 to 59years.

3.3 | Case Definition of Periodontitis

Case definitions of periodontitis varied among the included
studies. Following the current classification of periodontal and
peri-implant diseases and conditions [44], a patient is a peri-
odontitis case in the context of clinical care if interdental CAL
is detectable at >2 nonadjacent teeth, or buccal or oral CAL
>3 mm with pocketing >3 mm is detectable at > 2 teeth. None of
the included studies refer to this case definition of periodontitis,
since they all started before the publication of the current classi-
fication in 2018, nor do they refer ex-post to this case definition.
Nevertheless, it is assumable that all the patients reported in
these studies as HP fall under this definition.

Two studies [29, 42] did not give details about the diagnostic cri-
teria of periodontitis adopted. In particular, Degidi, Nardi, and
Piattelli [29] reported to include patients previously treated for
periodontitis, referring to the study of Sbordone et al. [45], where
the authors include patients treated for adult periodontitis fol-
lowing the 1989 AAP Classification [46]. Roccuzzo et al. [42]
divide their cohort of patients into periodontally compromised
patients and nonperiodontal patients without reporting or refer-
ring to any case definition.

Four studies (seven articles) included patients with chronic peri-
odontitis [31, 32] (or excluded patients with aggressive periodon-
titis [37-41]), five studies [27, 33, 35, 36, 43] included patients
with aggressive periodontitis, two studies [28, 34] included both
chronic and aggressive periodontitis patients. Furthermore,
four studies (seven articles) [30, 32, 37-41] differentiated

between moderate and severe periodontitis based on AAP 1999
(Armitage's classification) criteria [27, 28, 32-36, 43]; Periodontal
Screening and Recording (PSR) [30], based on bleeding on prob-
ing (BOP), calculus accumulation, and probing depth (PD); and
a score (“S score”) determined by the number and depth of peri-
odontal pockets [37-41].

3.4 | Other Study and Population Characteristics

All the patients in the included studies received periodontal ther-
apy before implant installation and were inserted into an SPC/
SPIC program. The time interval for SPC/SPIC recall sessions
ranged from 3 to 6 months in the different studies or were indi-
vidually tailored [37-41]. One study did not highlight significant
differences in smokers versus nonsmokers in terms of implant
survival [31], while Degidi, Nardi, and Piattelli reported a sig-
nificantly greater implant failure rate for smoker patients [29].
All the studies excluded patients with uncontrolled systemic dis-
eases that could affect dental implant therapy outcomes. Only
two studies [28, 32] accounted for patient's systemic conditions
in the analysis of the results. Levin et al. [32] did not find an ef-
fect of diabetes status on the outcome analyzed, while De Boever
et al. [28] found that impaired systemic health reduced implant
survival in aggressive periodontitis patients. Most of the studies
loaded implants in a time range from 1.5 to 6 months. One study
also performed immediate loading [30], while another exclu-
sively evaluated immediately restored implants [29].

3.5 | Outcomes Analyzed and Case Definitions
of Peri-Implant Diseases

The outcomes of the included studies are summarized in Table 2.
Implant survival or loss was reported in all the included studies.
The methods used to assess radiographic MBL varied among the
selected studies (Table 3).

Different case definitions of peri-implant diseases were ad-
opted, such as the criteria reported for Cumulative Interceptive
Supportive Therapy (CIST) (Lang et al. [47], Mombelli and
Lang [48], Lang, Wilson and Corbet [49], or those provided
by Albrektsson and Isidor [50]). Swierkot et al. [43] diagnosed
peri-implantitis in the presence of PD >5mm, with or without
BOP, and annual bone loss >0.2mm. Gatti et al. [30] defined
peri-implantitis as loss of >2mm of peri-implant marginal
bone from the last radiographic assessment in the presence of
pus or another sign of infection and PD >5mm. The current
case definitions for peri-implant mucositis and peri-implantitis
from the Consensus Report of the 2017 World Workshop on the
Classification of Periodontal and Peri-Implant Diseases and
Conditions [44] were adopted only by Roccuzzo et al. [40] (see
Table 3 for definitions).

3.6 | Risk of Bias Assessment

Details regarding the risk of bias evaluation are reported in
Table S4. Eight of the 14 included studies (11 articles) were con-
sidered at low risk of bias [28-30, 32, 37-43] as they obtained
four stars in the Selection domain, one or two stars in the
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Comparability domain (only one study received 0 stars [42]) and
two or three stars in the Results domain. The remaining studies
resulted in a moderate risk of bias [27, 31, 33-36] because they
did not earn any stars in the Comparability domain. No study
was at high risk of bias.

3.7 | Quality of Evidence

The quality of evidence for primary and secondary outcomes
ranged from nonsignificant to suggestive. In particular, the im-
plant survival rate and MBL (overall) was found to have a sug-
gestive quality of evidence. All the other outcomes showed weak
to nonsignificant quality of evidence (Table S5).

3.8 | Synthesis of the Results
3.8.1 | Implant Loss

The forest plot of the implant loss (HR) comparing implants
placed in NHP and HP patients is shown in Figure 1. An HR>1
indicated a greater risk of implant loss for implants placed in
the HP than in the NHP group. Data were analyzed at the im-
plant level.

HP patients showed a significantly greater risk of implant loss,
with an HR value of 1.75 (95% CI: 1.28-2.40; p=0.0005) and a
suggestive grade of evidence quality. The interstudy consistency
was high (I?=0%) and the funnel plot showed a certain symme-
try in the distribution of studies reporting “implant loss” in the
comparison between HP and NHP groups, indicating a low risk
of publication bias for this outcome (Figure 2), as also quantified
by Egger's test (p=0.15; two-tailed).

Studies with a definite follow-up time duration were divided into
two subgroups: follow-up < 5years and > 10years. Interestingly,
only the subgroup with a follow-up duration of > 10 years showed
a greater risk for implant loss in HP compared to NHP patients
(p=0.03;95% CI: 1.06-3.85) (Figure 3).

A subgroup analysis was performed to investigate the effect
of the rate of progression (chronic/aggressive or grades A-B/C

following the current classification) and severity (moderate/
severe or stages I-1I/III-IV following the current classifica-
tion) of periodontitis. Both subgroup studies on patients with a
history of grades A-B (chronic) and grade C (aggressive) peri-
odontitis showed a significantly greater risk of implant loss
compared to the NHP group (Figure 4), significant (p =0.004)
subgroup differences, and a high intergroup heterogeneity
(I?=87.7%). Regarding the periodontitis stage, a subgroup
analysis, due to the heterogeneity in the case definitions
among the studies, was limited to only one study [32] in which
patients with a history of stages III-IV (severe) periodonti-
tis showed a statistically significant greater risk of implant
loss compared to NHP patients (HR: 1.62, 95% CI: 1.03-2.54;
p=0.04), whereas patients with stages I-1I (moderate) peri-
odontitis showed a nonsignificantly greater risk of implant
loss compared to NHP patients, with nonsignificant subgroup
differences (Figure S2).

A subgroup analysis concerning the type of implant surface was
also performed. Studies that used machined and hybrid implant
surfaces were grouped together, while modified implant surfaces
were divided into two groups (moderately rough and rough) fol-
lowing the classification of Albrektsson and Wennerberg [51],
only studies that used rough surfaces showed a significantly
greater risk of implant loss in HP compared to NHP patients,
with an HR of 2.15 (95% CI: 1.16-3.99; p=0.01), while such a
difference did not emerge for machined/hybrid and moderately
rough surfaces (Figure 5). The test for subgroup differences re-
vealed a nonsignificant effect (p=0.79) with a low intergroup
heterogeneity (I>=0%).

Due to the lack of detail in the data reported by the included
studies, it was not possible to conduct further subgroup analy-
ses for other potential confounders or set up metaregressions for
any of them. Sensitivity analyses were performed to investigate
the homogeneity of the patient cohorts in terms of comorbidi-
ties, treatments, and baseline conditions. In particular, studies
including patients with short implants [27], performing postex-
tractive, immediate loading, or regenerative techniques [28-30,
35, 43], with overdenture rehabilitations [28, 30, 33, 36, 43], or
with comorbidities [28, 32] were selectively excluded from the
analysis without significant effect in the overall registered effect
size (data not shown).

HP  NHP Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Karoussis et al. 2003 1.4307 1.1488 21 91 2.0%  4.18[0.44,39.74] 2003 ———
Mengel & Flores-de-Jacoby 2005a 1.252 1.765 120 30 0.8% 3.50[0.11,111.20) 2005 >
Mengel & Flores-de-Jacoby 2005h 0 0 15 1 Not estimable 2005
Mengel et al. 2007a 1.313 23122 41 13 05% 3.72[0.04,345.44] 2007 >
Mengel et al. 2007b 11995 1.547 36 7 11%  3.32[0.16,68.82] 2007
Gatti et al. 2008 1.4643 15196 155 72 11%  4.32[0.22,85.00) 2008
De Boever et al. 2009 0.7049 04078 252 261 157% 2.02[0.91,4.50] 2009 T
Roccuzzo etal. 2010 0.7304 05474 185 61 8.7% 2.08[0.71,6.07] 2010 T
Levin et al. 2011 03776 0.2188 1512 747 54.4% 1.46 [0.95,2.24] 2011 L
Swierkot et al. 2012 1.2026 1.195 149 30 1.8%  3.33[0.32,34.63] 2012
Degidi etal. 2016 0.4647 0.7875 81 203 4.2% 1.59 [0.34, 7.45] 2016 _—
Roccuzzo etal. 2017 0.9404 1.0011 35 33 26% 256[0.36,18.22) 2017 —
Akram etal. 2019 1.2321 1.2781 48 1 1.6%  3.43[0.28,41.98] 2019
Roccuzzo et al. 2022 03731 0684 130 39 56% 1.45[0.38, 5.55] 2022 e E—
Total (95% Cl) 2780 1609 100.0% 1.75[1.28, 2.40] L3

N R - . i - - - )R- 2 } 1 1
Heterogeneity: Tau®= 0.00; Chi*= 3.08, df= 12 (P = 0.99); F=0% o1 0 10 100

Test for overall effect: Z= 3.47 (P = 0.0005) F'avofs NHP Favors HP

FIGURE1 | Overall risk of implant loss in HP versus NHP patients.
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FIGURE 2 | Visual representation of publication bias for the studies
reporting the primary outcome event “implant loss.”

3.8.2 | Peri-Implant Marginal Bone Loss

When mesial and distal MBL values were reported separately
[31], mesial values were taken. When MBL data regarding grade
C (aggressive) and grades A-B (chronic) periodontitis were sep-
arately provided, the former was considered [34]. All the studies
considered prosthetic loading as the baseline for MBL measure-
ments. The quantitative analysis of pooled data revealed in the
HP group significantly greater MBL, with a DM of 0.41 mm (95%
CI 0.19, 0.63; p=0.0002) with a suggestive grade of evidence
quality, and a moderate interstudy heterogeneity (I?=54%)
(Figure 6). Subgroup analysis for follow-up, rate of progression,
and implant surface characteristics did not reveal significant
subgroup differences (Figures S3A-C).

3.8.3 | Peri-Implant Mucositis

HP and NHP groups showed a comparable risk of develop-
ing peri-implant mucositis, measured both at implant level
(Figure 7) and patient level (Figure S4), with high heterogeneity.
Due to the paucity of available studies, no subgroup analysis was
performed.

3.8.4 | Peri-Implantitis

Peri-implantitis measured at implant level showed a signifi-
cantly greater rate in HP compared to NHP patients, with a
RR of 3.24 (95% CI: 1.58-6.64; p=0.001; I?=57%) (Figure 8),
with a nearly suggestive grade of evidence quality, and a mod-
erate interstudy heterogeneity. Similar results emerged from
the analysis at the patient level (Figure S5). Subgroup analysis
for follow-up, rate of progression, and implant surface char-
acteristics did not reveal significant subgroup differences at
both patient and implant levels. A trend toward a significantly
greater risk for the HP group for the > 10-year follow-up (com-
pared to < 5-year follow-up) and for rough surfaces (compared
to machined/hybrid and moderately rough) subgroups was
found (Figures S6 and S7), though the strength of the evi-
dence is impaired by the reduced number of studies included
in these analyses.

4 | Discussion

The results of the present meta-analysis support, with sugges-
tive evidence, the association between a HP and a greater risk of
implant loss over time.

The overall risk of implant loss in HP patients appeared to be
1.75 times greater than in the NHP group, with high interstudy
consistency, low risk of publication bias, highly significant over-
all effect, and suggestive quality of evidence. These results con-
firmed what was shown by other meta-analyses, where similar
findings have been reported [14, 19, 20, 52]. The number of stud-
ies (14) included in our meta-analysis for this outcome, as well
as their nature of prospective studies, further provide strength
to this evidence. Among the other available high-quality sys-
tematic reviews of prospective studies published on the same
topic, Stacchi et al. [15] included fewer (only three) studies, and
failed to find a statistically significant difference between HP
and NHP patients for implant loss. Serroni et al. [20] reached a
similar result (with a risk of implant loss 1.74 greater for the HP
group than the NHP one)[41], but with a lower number of stud-
ies (12), despite the inclusion also of shorter (< 3years) follow-up
studies.

The subgroup analysis performed on implant loss according to
different follow-up periods confirmed the importance of such
a variable on the risk of implant loss over time, in line with
the recent meta-analyses of Carra et al. [19], and Serroni et al.
[20], but also with some differences due to the inclusion criteria
applied and to a different grouping of the studies analyzed. In
particular, Carra et al. [19], who also included nonprospective
studies, showed a significantly different risk between HP and
NHP patients for the > 5-year and 10-year follow-up subgroups,
but not a significant difference for the < 5-year follow-up stud-
ies, with a nonsignificant test for subgroup differences. Serroni
et al. [20] performed three separate analyses for <5-year fol-
low-up studies, > 5-year follow-up studies (in which also 10-
and 20-year studies were included), and 10-year follow-up
studies (in which 10-year studies were grouped separately). No
subgroup analysis was performed, thus no test for subgroup dif-
ferences was applicable. They found a significantly greater risk
for HP versus NHP patients for all three groups of studies and a
larger effect size for > 5-year and 10-year follow-up studies. In
this study, the subgroup analysis performed, in which studies
with a not well-defined follow-up were excluded, a significant
difference for the > 10-year follow-up subgroup, but not for <5-
year follow-up subgroup, was found, though with a nonsignifi-
cant test for subgroup differences. Discrepancies with previous
meta-analyses are mainly due to the exclusion of studies with a
mean, instead of defined, follow-ups. This finding further un-
derlines the importance of a longer follow-up to detect a signif-
icant difference in implant loss between HP and NHP groups,
thus possibly moving the threshold beyond the 5-year limit pro-
posed by Carra et al. [19].

Regarding the severity of periodontitis experienced by patients,
only those with a history of stages III-IV (severe) periodonti-
tis showed a significantly greater risk of implant loss compared
to NHP patients, whereas no significant difference was found
comparing patients with a history of stages I-II (moderate)
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HP  NHP Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.5.1 Follow-up <5 years
Mengel & Flores-de-Jacoby 2005a 1.252 1.765 120 30 3.0% 3.50[0.11,111.20) 2005 >
Mengel & Flores-de-Jacohy 2005b 0 0 15 1" Not estimable 2005
Mengel et al. 2007a 1313 23122 41 13 1.7% 3.72[0.04,345.44] 2007 >
Gatti et al. 2008 1.4643 15196 155 72 40%  4.32[0.22,85.00) 2008
Akram etal. 2019 1.2321 1.2781 48 1 57%  3.43[0.28,41.98] 2019
Subtotal (95% Cl) 379 137 144%  3.71[0.77,17.87] SR
Heterogeneity: Tau®= 0.00; Chi*= 0.02, df= 3 (P =1.00); F= 0%
Test for overall effect. Z=1.63 (P=0.10)
1.5.2 Follow-up =10 years
Karoussis et al. 2003 1.4307 1.1488 21 91 7.0%  4.18[0.44,39.74] 2003 S —
Mengel et al. 2007b 11995 1.547 36 7 39%  3.32[0.16,68.82] 2007
Roccuzzo et al. 2010 0.7304 05474 185 61 30.9% 2.08[0.71,6.07) 2010 T
Degidi et al. 2016 0.4647 0.7875 81 203 14.9% 1.59 [0.34, 7.45] 2016 _—
Roccuzzo etal. 2017 0.9404 1.0011 35 33 92% 256(0.36,18.22) 2017 e
Roccuzzo et al. 2022 03731 0.684 130 39 19.8% 1.45(0.38,5.55] 2022 I
Subtotal (95% Cl) 488 434 85.6% 2.02[1.06, 3.85] <>
Heterogeneity: Tau®= 0.00; Chi*= 0.89, df=5 (P = 0.97), F=0%
Test for overall effect: Z=2.14 (P = 0.03)
Total (95% Cl) 867 571 100.0% 2.20[1.21,4.00] <

i 2 - - = - - - OO - | 1 1 1
Heterogeneity: Tau®= 0.00; Chi*=1.39, df= 9 (P = 1.00), F= 0% o1 o 10 100

Test for overall effect: Z= 2.60 (P = 0.009)
Test for subaroup differences: Chi*= 0.49, df=1 (P = 0.48), F=0%

Favors NHP Favors HP

FIGURE3 | Subgroup analysis concerning the risk of implant loss in HP versus NHP patients for different follow-up durations.
HP  NHP Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.7.1 HR Grade A-B (Chronic)
Karoussis et al. 2003 1.4307 1.1488 21 91 31%  4.18[0.44,39.74] 2003 —
Mengel & Flores-de-Jacoby 2005a 0 0 43 30 Not estimable 2005
De Boever et al. 2009 01735 05191 193 261 13.2% 1.19[0.43,3.29] 2009 e
Roccuzzo et al. 2010 0.7304 05474 185 61 121% 2.08(0.71,6.07) 2010 -
Levin et al. 2011 03776 0.2188 1512 747 44.6% 1.46 [0.95,2.24] 2011 el
Roccuzzo et al. 2022 03731 0684 130 39 81% 1.45[0.38, 5.55] 2022 ——
Subtotal (95% Cl) 2084 1229 81.1% 1.52[1.07, 2.16] R4
Heterogeneity: Tau®= 0.00; Chi*= 1.36, df= 4 (P = 0.85), F=0%
Test for overall effect: Z=2.31 (P=0.02)
1.7.2 HR Grade C (Aggressive)
Mengel & Flores-de-Jacohy 2005b 0 0 15 1" Not estimable 2005
Mengel & Flores-de-Jacoby 2005a 139 157 77 30 1.7%  4.01[0.19,87.11] 2005
Mengel et al. 2007a 1313 23122 41 13 0.8% 3.72[0.04,345.44] 2007 >
Mengel et al. 2007b 11995 1.547 36 7 1.7% 3.32[0.16, 68.82] 2007
De Boever et al. 2009 2.34 063 59 261 9.4% 10.38[3.02,35.69] 2009 —
Swierkot et al. 2012 12026 1195 149 30 28%  3.33[0.32,34.63] 2012
Akram et al. 2019 1.2321 1.2781 48 11 25%  3.43[0.28,41.98] 2019
Subtotal (95% Cl) 425 363 18.9%  6.16[2.53, 15.01] ‘
Heterogeneity: Tau®= 0.00; Chi*=1.44, df=5 (P=0.92); F=0%
Test for overall effect: Z= 4.00 (P < 0.0001)
Total (95% Cl) 2509 1592 100.0% 2.00[1.34, 2.98] <

i R - . i® = - - 1R - |- _e = |
Heterogeneity: Tau®= 0.05; Chi*=11.02, df=10 (P = 0.36); F= 9% o1 o 10 100

Test for overall effect: Z= 3.39 (P = 0.0007)

Test for subaroup differences: Chi*=8.21, df=1 (P = 0.004), F=87.8%
FIGURE4 |
compared to NHP patients.

periodontitis and NHP. It must be noted, however, that this find-
ing is based on a single, though large, study [32], due to the ex-
clusion of other studies adopting different case definitions, and
this aspect inevitably affects the strength of the evidence [54].
Only the study of Levin et al., indeed, followed the AAP 1999
classification [32], whereas Gatti et al. applied the PSR score [30]
and Roccuzzo et al. the “S score” [37-41], both of them referring
to pocket depth instead of clinical attachment level.

This study showed a particularly greater risk of implant loss
(HR 6.16) in patients with a history of grade C (aggressive)
periodontitis versus NHP patients than in patients with a

Favors NHP Favors HP

Subgroup analysis concerning implant loss risk in patients with a history of grades A-B (chronic) or grade C (aggressive) periodontitis

history of grades A-B (chronic) periodontitis versus NHP pa-
tients (HR 1.53). None of the studies considered was recent
enough to refer to the current 2018 AAP/EFP classification
[55]; however, we have chosen to update the terminology used
to describe our results. All the included primary studies re-
ferred to the AAP 1999 classification of periodontal diseases
[56], including the studies of Roccuzzo et al. [37-41] in which
the authors, though not mentioning that classification, exclude
patients with aggressive periodontitis and the study of Mengel,
Behle, Flores-de-Jacoby 2007 [33], that follows the AAP 1989
classification referring to “rapidly progressing periodontitis.”
Sgolastra et al. [14] performed similar subgroup analyses in
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HP  NHP Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.6.1 MachinedHybrid
Mengel & Flores-de-Jacoby 2005a 1.252 1.765 120 30 1.9% 3.50(0.11,111.20) 2005 >
Mengel & Flores-de-Jacoby 2005h 0 0 15 1 Not estimable 2005
Mengel et al. 2007a 1.313 23122 41 13 1.1% 3.72(0.04,345.44] 2007 >
Mengel et al. 2007b 11995 1.547 36 7 24%  3.32(0.16,68.82] 2007
Swierkot et al. 2012 1.2026 1195 149 30 41%  3.33[0.32,34.63) 2012
Subtotal (95% Cl) 361 91 9.5%  3.40[0.73, 15.82] — SRR
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df= 3 (P = 1.00); F= 0%
Test for overall effect: Z=1.56 (P=0.12)
1.6.2 Moderately Rough
Degidi et al. 2016 0.4647 0.7875 81 203 9.4% 1.59 [0.34, 7.45] 2016 ——
Roccuzzo etal. 2017 0.9404 1.0011 35 33 58% 256[0.36,18.22) 2017 —_—t
Akram et al. 2019 1.2321 1.2781 48 1 3.6%  3.43[0.28,41.98] 2019
Roccuzzo et al. 2022 03731 0684 130 39 125% 1.45[0.38, 5.55] 2022 [p—
Subtotal (95% Cl) 294 286 31.4% 1.83[0.78, 4.27] -
Heterogeneity: Tau®= 0.00; Chi*= 0.50, df= 3 (P = 0.92), F=0%
Test for overall effect: Z=1.40 (P=0.16)
1.6.3 Rough
Karoussis et al. 2003 1.4307 1.1488 21 91 44%  4.18([0.44,39.74] 2003 R - A—
De Boever et al. 2009 0.7049 04078 252 261 352% 2.02[0.91,4.50] 2009 T
Roccuzzo et al. 2010 0.7304 05474 185 61 19.5% 2.08[0.71,6.07] 2010 -
Subtotal (95% Cl) 458 413 59.1% 2.15[1.16, 3.99] D
Heterogeneity: Tau®= 0.00; Chi*= 0.36, df= 2 (P = 0.83), F=0%
Test for overall effect: Z= 2.44 (P = 0.01)
Total (95% Cl) 1113 790 100.0%  2.14[1.33,3.43] >

i 2 - . i = - - )R- + 4 1 d
Heterogeneity: Tau®= 0.00; Chi*=1.34, df= 10 (P = 1.00); F= 0% o1 o 10 100

Test for overall effect: Z= 3.14 (P = 0.002)
Test for subaroup differences: Chi*= 0.48, df=2 (P =0.79), F=0%

Favors NHP Favors HP

FIGURE 5 | Subgroup analysis concerning the risk of implant loss in HP patients receiving implants with machined/hybrid, moderately rough,
and rough surfaces compared to NHP patients.

NHP HP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Karoussis et al. 2003 -048 11 91 -1 1.38 21 8.3% 0.52[-0.11,1.15 2003 =
Mengel & Flores-de-Jacoby 2005a -0.7 0.46 12 -114 074 15 12.5% 0.44 [-0.02,0.80] 2005 T
Mengel et al. 2007b -3.36 052 5 -336 06 5 7.3% 0.00 [-0.70,0.70] 2007 —_—
Mengel et al. 2007a -0.71 033 8 -1.29 092 9 81% 0.58 [-0.06,1.22] 2007 i e —
Gatti et al. 2008 -1.24 1.09 27 -2.57 1.06 24 91% 1.33[0.74,1.92] 2008
Roccuzzo etal. 2010 -0.75 0.88 28 -098 1.22 36 10.9% 0.23[-0.28,0.74] 2010 B . a—
Degidi etal. 2016 -1.79 0.34 59 -2.01 027 21 24.6% 0.22[0.08,0.36) 2016 -
Roccuzzo etal. 2017 -043 05 37 -0.78 059 27 19.2% 0.35[0.08,0.62] 2017 ——r—
Total (95% Cl) 267 158 100.0% 0.41[0.19, 0.63] <
Heterogeneity: Tau*= 0.05; Chi*=15.30, df= 7 (P = 0.03); F= 54% -'_2 '1 o 1‘ 2‘

Test for overall effect: Z= 3.71 (P = 0.0002) Favors NHP Favors HP

FIGURE 6 | Mean difference in peri-implant marginal bone loss between HP and NHP groups.

HP NHP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Swierkot et al. 2012 84 149 12 30 47.2% 1.41[0.89,2.23] 2012
Roccuzzo et al. 2023 54 130 22 39 528% 0.74[0.52,1.04] 2023
Total (95% CI) 279 69 100.0% 1.00 [0.52, 1.91]
Total events 138 34

0.01 0.1 1 10 100
Favors NHP Favors HP

Heterogeneity. Tau*= 0.18; Chi*=5.10, df=1 (P = 0.02); = 80%
Test for overall effect: Z= 0.00 (P = 1.00)

FIGURE 7 | Risk of peri-implant mucositis at implant level in HP versus NHP patients.

their systematic review, though basing their finding on a lower
number of studies selected by different inclusion/exclusion cri-
teria, reporting similar results. Based on this finding, we could
speculate that the greater the grade (rate of progression) of the
periodontitis experienced by implant patients, the greater the
risk of implant loss over time, as also confirmed by a recent

10-year retrospective study [57] reporting a greater rate of
implant failure due to peri-implantitis in grade C versus A-B
periodontitis patients.

A recent systematic review concluded that a history of peri-
odontitis, even under regular supportive postimplant treatment,
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HP NHP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Karoussis et al. 2003 8 21 5 91 19.2% 6.93(2.52,19.07] 2003 —_—
Gatti et al. 2008 4 155 0 72 5.1% 4.21[0.23,77.19] 2008
Swierkot et al. 2012 39 149 3 30 17.9% 2.62(0.87,7.92] 2012 T
Degidi etal. 2016 13 81 3 203 16.3% 10.86 [3.18,37.11] 2016 ——
Roccuzzo etal. 2017 12 35 7 33 22.5% 1.62[0.73,3.60) 2017 T
Roccuzzo et al. 2023 18 130 4 39 191% 1.35(0.49,3.75) 2023 I
Total (95% Cl) 571 468 100.0% 3.22[1.58, 6.59] <
Total events 94 22
Heterogeneity: Tau®= 0.43; Chi*=11.58, df=5 (P =0.04); F=57% .01 o1 ; 10 100

Test for overall effect: Z= 3.21 (P = 0.001)

Favors NHP Favors HP

FIGURE 8 | Risk of peri-implantitis at implant level in HP versus NHP patients.

remains a negative indicator for implant survival in rough-
surfaced but not in smooth-surfaced implants [58]. In this meta-
analysis, in line with the abovementioned study, the risk of
implant loss was shown to be significantly greater in HP versus
NHP patients with rough implants, whereas such a risk was not
different in HP versus NHP patients rehabilitated by smooth/
hybrid implants or moderately rough implants (and a similar
trend was found also for the peri-implantitis outcome). These
findings, however, needs to be cautiously interpreted. No sig-
nificant effect, indeed, of the test for subgroup differences was
found. The limited number of studies and the heterogeneity of
the subgroups, for example, in terms of follow-up time and spe-
cific surface treatment adopted, may limit the strength of evi-
dence. Furthermore, some of these studies, for example, that by
Karoussis et al. [31], De Boever et al. [28], and Roccuzzo et al.
[41] employing TPS implants, have mainly a historical value
nowadays, thus reducing the generalizability of the findings.
Nevertheless, they have the merit to support the concept, though
to be confirmed by further studies that the use of very rough sur-
faces (some of which are still on the market today) in HP patients
may expose them to a higher risk of failure. They give strength
to a topic, the effect of implant surface characteristics on im-
plant prognosis, that is still a matter of debate.

The present analysis showed that the risk of peri-implantitis
occurrence is about 3.24 times greater in HP groups compared
to NHP (at both implant and patient level), in line with other
data reported in the literature [14, 19, 20, 52] with a risk of
2.17-4.09 times greater in HP versus NHP patients. Conversely,
our meta-analysis did not find differences between HP and
NHP patients in terms of peri-implant mucositis rate, though
such a finding is supported by only two studies adopting dif-
ferent case definitions of the disease and needs to be cautiously
considered.

Also, a significantly greater MBL in HP compared to NHP pa-
tients was demonstrated in the present analysis (difference in
mean—DM of 0.41 mm), in line with what was reported by other
similar meta-analyses, where DM values ranging from 0.44 to
0.75 mm were found [14, 20, 52, 58].

Despite the highly significant differences found, the strength
of the evidence for both these secondary outcomes is inevitably
reduced compared to the implant loss outcome. This is mainly
due to the lower number of studies and the great variability in
methods for MBL measurements, with the frequent absence of

a calibration procedure, and in case definitions of peri-implant
diseases. Furthermore, both patient and implant level data were
pooled together for MBL meta-analysis, and, for both MBL and
peri-implantitis, results at different follow-ups were analyzed
together.

It must be underlined that several potential confounders may
impact implant outcomes and such an effect, despite being
downsized by pooled data analyses and sensitivity analyses,
cannot be totally excluded. The inclusion, indeed, of studies that
are heterogeneous in terms of study setting (e.g., private practice
or university) baseline characteristics of patients (e.g., smoking
habit, compliance to SPC/SPIC, comorbidities), type of implants
(e.g., brand, surface), surgical and prosthetic protocols (e.g., one/
two stages, the timing of placement and loading, the implemen-
tation of bone regeneration), implant site location (e.g., upper or
lower arch), and type of restorations (e.g., design, extension, ma-
terial) contribute to a more realistic framework in favor of the ef-
fectiveness assessment of implant therapy, but it inevitably ends
to affect the association between the exposure and the outcome.

The cardinal role of regular supportive peri-implant care to
maintain peri-implant health and promote implant survival
has been emphasized in the recent literature [10, 11, 53, 59].
The 2023 EFP S3 level clinical practice guideline for prevention
and treatment of peri-implant diseases [6] firmly recommends
a guideline-conformed treatment of periodontal diseases to a
stable endpoint and adherence to a supportive periodontal care
program (SPC) prior to implant placement as a form of pri-
mordial prevention of peri-implant diseases. Furthermore, in
patients rehabilitated with implants, a regular SPIC is strongly
recommended for primary prevention of peri-implant diseases
[60]. The lack of compliance to the SPIC program has been
suggested as one of the main factors worsening implant prog-
nosis. It may act synergically with other risk factors, such as
a history of periodontitis, but it also may act as a confounder.
Patients with an HP, indeed, even if highly compliant to SPIC,
may be associated with a high rate of peri-implant diseases, as
highlighted by a recent observational study reporting a high
prevalence of peri-implant diseases also in highly compliant
patients with a history of advanced (stages III-1V) periodonti-
tis [61]. All the studies included in this literature review report
that implant therapy was delivered after complete periodontal
treatment and that patients were all put in SPIC. Only three of
them (five articles) [32, 37-39, 41], however, gave information
about the compliance of patients to SPIC, and just two studies
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(three articles) [37-39, 41] correlate the compliance to SPIC
with implant prognosis. In particular, Roccuzzo et al. in their
studies reported a significantly greater proportion of patients
with implant loss and with >3 mm bone loss in noncompli-
ant than compliant patients, in the HP group, but not in the
NHP one [39], treated with solid screw highly rough implants
at 10years of follow-up. Although not statistically significant,
the authors report the same trend (implant-level), with moder-
ately rough implants at 20years in both HP and NHP groups
in their 2022 study [37]. Methodological heterogeneity does
not allow to meta-analyze these two datasets. Further similar
studies, however, possibly with higher numbers and rigorous
selection of patients, will be essential for better comprehend-
ing the correlation between a history of periodontitis and im-
plant prognosis net of possible confounders. This should be
important to understand to what extent the occurrence of
peri-implant diseases and implant loss is due to worse com-
pliance to SPIC or, actually, to a common ground of host sus-
ceptibility for periodontal and peri-implant diseases, as well
as to other variables (e.g., implant characteristics, residual
periodontal lesions).

Although smoking habit has been widely investigated as a poten-
tial factor affecting dental implant outcomes, there is currently
no conclusive evidence that constitutes a risk factor/indicator for
peri-implantitis, probably due to the frequent presence of back-
ground confounders (e.g., history of periodontitis itself) and to
the differences in categorization of smokers and nonsmokers
[10, 11]. De Boever et al. [28] found a reduced (though in a nonsig-
nificant way) survival rate in patients with a history of aggressive
periodontitis who were actual and former smokers compared to
nonsmokers. In the study from Levin et al. [32], a lower implant
SR was found in smokers compared to nonsmokers patients, es-
pecially at long-term follow-up (> 50months). Also in the study
from Degidi et al. [29], seven of eight failed implants were placed
in smoker patients, thus, smoking was found to be statistically
associated with implant failure. Furthermore, Swierkot et al. [43]
showed that also the incidence of biological complications was
greater in smoker versus nonsmokers patients.

4.1 | Strengths

Several points of strength of this study can be pointed out in
comparison with recently published systematic reviews on the
same topic. Including prospective cohort studies, in a number
higher than any other previously published systematic review
on this topic, contributes to increasing the strength of the asso-
ciation between exposure and outcomes. The choice of hazard
ratio, instead of risk ratio or odds ratio, to quantify the overall
effect size for implant loss was chosen to include information
on the temporal progression of the events within groups, since
multiple follow-up studies were included and information about
the time of implant failure could be generally extracted or cal-
culated. A quantitative assessment of factors potentially affect-
ing implant outcomes in HP compared to NHP patients, such
as follow-up period, stage and grade of periodontitis, and im-
plant surface characteristics, was carried out by subgroup anal-
yses. Furthermore, a quantitative analysis of an outcome not
assessed in previous similar studies, such as the peri-implant

mucositis occurrence in NHP and HP patients, could be carried
out. Finally, the quality assessment of the included studies in
terms of risk of bias and quality of evidence evaluation contrib-
uted to a more comprehensive interpretation of the findings and
formulation of conclusions.

4.2 | Limitations

The main weak point of the evidence emerging from this sys-
tematic review is due to the great methodological heterogeneity
among the studies. The case has a great variety of definitions
of periodontitis and peri-implantitis. Furthermore, differences
were found in the primary studies in terms of outcomes assess-
ment and report; for example, not only MBL was measured in
different ways, but also peri-implantitis case definitions greatly
varied among the included studies, thus limiting the strength
of the emerging evidence. A great heterogeneity also in terms
of potential confounding factors was found, as mentioned ear-
lier, for the compliance to supportive periodontal treatment
or the smoking habit, and only in a few cases were they duly
reported so that the analysis of their possible influence on im-
plant outcomes, beyond limited sensitivity analyses, could not
be carried out. Furthermore, it must be considered that 6 of 14
of the included studies showed a moderate risk of bias, poten-
tially affecting the reliability of the reported results. Although
the publication bias was visually and statistically evaluated by
Funnel plot and Egger's test, the possibility that studies with
statistically significant results are more likely to be published,
potentially skewing the overall conclusions [62], especially with
small sample size studies, cannot be excluded. Additionally, it
should be considered that only articles in English were included,
and the majority of the studies were conducted in European
countries, thus a geographic bias could limit the generalization
of the findings.

5 | Conclusions

Within the limits of heterogeneous case definitions and meth-
ods of assessment, a history of periodontitis significantly in-
creases the risk for implant loss, particularly at long follow-up
(>10years) and in case of rapidly progressive forms (grade C),
and for MBL and peri-implantitis.

5.1 | Implication for Clinical Practice

Patients and clinicians must be aware of the risk of the worst
implant prognosis with a history of periodontitis, to suitably
control risk factors and carry out the appropriate periodontal
and implant treatment plan, implementing every effort to pre-
vent any recurrence of periodontitis and any occurrence of peri-
implant complications and failures.

5.2 | Implications for Research

Further well-designed prospective studies with larger sample
sizes and longer follow-up, also taking account of the current
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case definition and classification of periodontal and peri-implant
diseases, are needed to strengthen the available scientific evi-
dence, limiting study heterogeneity as well as the influence of
possible confounding factors.
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