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Abstract

Aim: This systematic review investigates the effectiveness of implant-supported fixed
partial denture (IS-FPD) in patients with history of periodontitis (HP) vs. patients with
no history of periodontitis (NHP).

Methods: A literature search was performed on different databases on May 2020.
Prospective and retrospective studies assessing survival (primary outcome), success
and biological/mechanical complications of IS-FPDs in HP vs. NHP patients at 21 year
after implant loading were evaluated. Meta-analyses were conducted by estimating
hazard ratio (HR), risk ratio (RR) and standardized mean differences (SMD) with 95%
confidence intervals (Cl) using random effect models.

Results: Of the initially identified 4096 articles, 349 underwent a full-text evaluation.
Finally, 17 were included. Pooled data analyses showed that overall implant survival
was significantly higher in the NHP than the HP group (HR = 2.06; 95% Cl = 1.37-
3.09; 2 = 0%). This difference was noted when follow-up =5 years. The risk of peri-
implantitis was higher in HP than NHP patients (RR = 3.3; 95% Cl = 1.31-8.3; I? = 0%),
whereas the mean marginal bone level change over time was not different between
the groups (SMD = -0.16 mm; 95% Cl = -1.04-0.73; I? = 98%).

Conclusions: In partially edentulous patients receiving IS-FPDs, a history of periodon-
titis is associated with poorer survival rate and higher risk of peri-implantitis during a

5-10 years period after implant loading.

KEYWORDS

dental implants, fixed dental prosthesis, fixed partial denture, fixed partial prosthesis,
implant-supported rehabilitation, peri-implantitis, periodontal disease, periodontitis,
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of tooth loss in adulthood (Ramseier et al., 2017), associated with

Severe periodontitis is the 6th most prevalent non-communicable
disease in the world, with an age-standardized prevalence of 9.8% in
2017 (Bernabe et al., 2020; Frencken et al., 2017; Kassebaum et al.,

2014). Untreated severe periodontitis is one of the leading causes

© 2021 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

an important disability weight, ranked 77th among the top 100 de-
tailed causes of disability-adjusted life-years (Marcenes et al., 2013).

Since the 2017 World Workshop on the Classification of Periodontal
and Peri-Implant Diseases and Conditions (Caton et al., 2018), peri-

odontitis is identified according to a multidimensional staging and
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grading system, which aims to capture the severity of the disease, the
complexity of the treatment needed and the likelihood of progression
(Tonetti et al., 2018). Stage IV periodontitis is the most advanced stage
characterized by a collection of clinical features associated with disease
severity (Papapanou et al., 2018; Tonetti et al., 2018). A recent study
demonstrated the prognostic value of this classification system, show-
ing that Stage |V periodontitis patients have a higher risk of periodontal-
related tooth losses over a 10-30 years follow-up period compared to
Stage | periodontitis (Hazard Ratio: 3.73; 95% confidence interval: 1.27-
10.93) (Ravida et al., 2020). Moreover, the risk of tooth loss in periodon-
titis patients appeared to be independently predicted by age, patient's
compliance to treatment and follow-up visits, smoking, and diabetes, as
well as the severity of alveolar bone loss, probing pocket depth, tooth
mobility and furcation involvement (Helal et al., 2019). Thus, patients
diagnosed with Stage IV periodontitis are likely to seek for dental treat-
ments and oral rehabilitations in order to replace missing teeth.

Implant-supported fixed partial denture (IS-FPD) is a widespread
option for rehabilitation of partial edentulism. However, long-term
effectiveness of IS-FPD can be blunt by several biological and me-
chanical complications that may occur after implant placement or im-
plant loading. A high incidence of mucositis and peri-implantitis has
been reported (Gurgel et al., 2017; Jepsen et al., 2015). Treatments
of peri-implant diseases remain highly heterogeneous, poorly ef-
fective, and still under investigation (Heitz-Mayfield et al., 2018;
Roccuzzo et al., 2018; Tomasi et al., 2019). Periodontitis appeared to
be a risk factor for peri-implant diseases and poorer implant survival
(Ferreiraetal., 2018; Lin et al., 2020; Safii et al., 2010; Sgolastra et al.,
2015; Wen et al., 2014). Consequently, one can hypothesize that IS-
rehabilitations are at risk in patients with a history of periodontitis.

The present systematic review aimed to answer to the following
focus question formulated according to the PICO format: what is the
effectiveness (i.e. survival) and risks (i.e. biological and mechanical
complications) of IS-FPD in patients with a history of periodontitis
compared to patients with no history of periodontitis at 21 year from
implant loading?

2 | METHODS

2.1 | Protocol and registration

The protocol of the present systematic review and meta-analysis
was developed following the PRISMA statements checklist
(Moher et al., 2009) and registered in Prospero on 10 April 2020
(CRD42020179376).

2.2 | Eligibility criteria

The research question was constructed using the PICOS format, as

follows:

1. (P), Participants: Partially edentulous adult patients.

CLINICAL RELEVANCE

Scientific rationale for the study: Implant-supported fixed
partial denture is a widespread option for rehabilitation of
partial edentulism in patients with Stage IV periodontitis.
Principal findings: Patients with HP have a poorer IS-FPD
survival and a greater risk of peri-implantitis. No differ-
ences are detected in marginal bone level changes over
time compared to patients with NHP. No conclusion can be
drawn on IS-FPD success rate.

Practical implications: Clinicians should be aware that
IS-FPD effectiveness is less favourable in patients with a
history of periodontitis than in patients with no history of
periodontitis. The early identification and control of the
periodontal risk factors must be part of patient evaluation
in implant dentistry.

2. (l), Interventions: Placement of implant-supported fixed partial
dentures (IS-FPDs) to replace missing teeth in patients with a
history of periodontitis (HP). No restriction was applied for the
definition, classification, extent and severity of periodontitis. All
types of dental implant placement protocols (e.g. one- or two-
stage surgery) with or without associated bone graft procedures
were eligible. No restrictions were applied concerning implant
brands and characteristics.

3. (C), Comparison: Placement of IS-FPD in patients with no history
of periodontitis (NHP).

4. (O), Outcomes: Effectiveness of IS-FPD, evaluated on one or more
of the following outcomes:

(i) Primary outcome: Dental implant survival, defined as % of im-
plants being present at the last follow-up examination.

(ii) Secondary outcomes: IS-FPD success rate, marginal bone level
(MBL) changes over time (expressed in mm or % and evaluated
on standardized radiographs), biological complications (in-
cluding mucositis and peri-implantitis), mechanical/prosthetic
complications (e.g. crown fracture), and patient-reported out-

come measures (PROMS) (e.g. IS-FPD satisfaction, comfort).

Medline : EMBASE : Cochrane Central : Thesis ‘Dissertation : Clinicaltrials.gov :
3065 studies 1627 studies 497 studies 62 studies 137 studies
[ 4096 studies were screencd pon title and abstract |
o 3747 imelevant studies excluded |
349 studies were s¢reened on full-text ‘ 334 irrelevant studies excluded:
2 studies « Wrong patient population (170)

retrieved from R « Wrong intervention (83)

crosscheck + Wrong study design (38)
reference list >+ Wrong outcomes (9)

+ Non-English literature (6)
* No full text available (11)
+ Missing relevant data (13)
‘ * % of IS-FPD <70% (4)

\ 17 studies finally included in the systematic review

Meta-analysis for marginal bone
loss: 6 studies

Meta-analysis for

Meta-analysis for peri-implant
survival: 12 studies

diseases: 8 studies

FIGURE 1 Flowchart of literature search and study selection
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5. (S), Study design: All types of analytic studies with at least 1 year
of follow-up (for every patient) from dental implant loading with
the definitive FPD. The following study designs were considered:
prospective and retrospective cohort studies, cross-sectional
studies and case-control series (matched or not). No threshold
was set for the minimum number of patients or implants included

in the single studies.

Studies focusing on single-unit implant-supported crown or full-
arch rehabilitation (fixed or removable) were not included in the
systematic review. Mixed series, such as studies including cohort
of patients receiving IS-FPD and other implant-supported resto-
rations, were eligible for inclusion only if the proportion of IS-FPD
was 270% (such as, single-units +full-arch rehabilitations <30%) over

all implant-supported restorations considered in the study. Thus, to

be selected, studies should display a ratio number of dental implants
/ number of patients >1 (for both HP and control groups), and a pro-
portion of IS-FPD 270%.

2.3 | Information sources and search

The literature search strategy was defined by two teams of review-
ers, one specialist in periodontology (MCC and HR) and the other
in prosthodontics (KV and PJS), assisted by a research information
specialist (KT). The following electronic databases were searched on
May 2020 and updated on July 2020: MEDLINE (through PubMed),
EMBASE, Cochrane Central Library, ProQuest Dissertations and
Thesis, Open Access Thesis and Dissertation, openthesis.org,

OpenGrey database and ClinicalTrials.gov. A unique and specific

TABLE 1 Characteristics of the selected studies including patients with IS-FPDs only

Reference
Characteristics

Study design Follow-up

Setting, Country, Time frame

Total number of implants /
patients

Number of implants/patients
in the HP group (ratio)

Number of implants/patients
in the NHP group (ratio)

Definition of history of
periodontitis

Supportive periodontal /
implant therapy

Mean age, years (£SD, range)

Female, n (%)
Smokers, n (%)

Significant imbalances
between the HP and NHP
groups

Implants placement

procedures

Implant brands

Funding source

Conflict of interest

Degidi et al., Clin Oral Impl
Res 2016

Prospective cohort
10 years

Private practice
Italy
2001-2003

Baseline: 284/114
End of follow-up: 193/80

81/32(2.53)

203/82(2.47)

Any periodontal therapy
prior to implant
placement

Every 6 months. Professional
cleaning treatment by a
dental hygienist

Overall: 53.1 (+15.7)

NR
34 (28.8%)
NR

e Immediate loading
e 32.7% of implants placed
in post-extractive sites

XiVE

Unknown

Declared

Roccuzzo et al., Clin Oral Impl Res
2014

Prospective cohort
10 years

Private practice
Italy
1998-2001

252/123

198/91 (2.17)
Moderate periodontitis: 96/46 (2.1)
Severe periodontitis: 102/45 (2.3)

54/32(1.7)

Severe and moderate periodontitis
based on the frequency and
depth of periodontal pockets

Individually tailored maintenance
care programme

HP group: Moderate periodontitis:
53.3(x10.7)

Severe periodontitis: 52.7 (+8.4)

NHP group: 43.3 (+12.4)

NR
21 (17.1%)

Age, number of lost teeth

e One stage implant placement
e No bone augmentation / sinus lift

Straumann (SLA)

Unknown

NR

Jiang et al., Int J Oral Maxillofac Sur
2013

Case-control
2 years

Unclear setting
China

NR

276/60

149/30 (4.9)

127/30(4.2)

Undetermined diagnosis of chronic
periodontitis

Unclear

HP group: 37
NHP group: 42

39 (65%)
NR
NR

e Delayed implant placement
e Delayed restoration approach

NR

Non-industry

Declared

Abbreviations: HP: history of periodontitis; NHP: no history of periodontitis; NR: not reported; SLA: sandblasted and acid-etched.
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search string was formulated for each database, using the follow-
ing key concepts in different combinations: periodontitis, implant-
supported fixed partial prosthesis and dental implant. For each key
concept, database-specific index terms were combined with free
text words (Table S1). In addition, reference lists from eligible stud-
ies and previously published review articles were cross-checked to
identify additional pertinent studies. Only English literature was re-

viewed due to the time constraints.

2.4 | Study selection and data collection
Records from the literature searches on the different databases
were merged into a single list imported in one EndNote library

(EndNoteTM software, Clarivate, US), in which duplicates were

Roccuzzo et al., Clin Oral Impl Res 2010 and Serino et al., Clin Oral
2012 Impl Res 2009

Cross-sectional
25 years

Prospective cohort
10 years

Private practice University/Hospital

automatically removed. Four independent reviewers (MCC, HR,
KV and PJS) proceeded to the study screening process by using
Covidence software (https://www.covidence.org). Records were
first screened at the title and abstract level. Each record had to be
screened and voted (to be included or excluded) by two reviewers,
blind of the other reviewers’ assessment. Any disagreement was
resolved by a third author (PhB), acting as tiebreaker. Subsequently,
reviewers performed a full-text evaluation of the pre-selected arti-
cles. Similarly, this evaluation had to be performed in duplicate by
two independent reviewers, and any disagreement was solved by
the tiebreaker to reach the final selection of articles. Agreement
between reviewers was assessed by estimating the % of agreement
and the two-by-two kappa value.

A dedicated Microsoft Excel spreadsheet was created to fa-

cilitate the data extraction process, which was conducted by two

Hardt et al., Clin Oral Impl

Gatti et al., Eur J Oral Implantol 2008 Res 2002

Retrospective cohort
5 years

Prospective cohort
5 years

Private practice University/Hospital

Italy Sweden
1996-1998 2006
Baseline: 246/112 109/23
End of follow-up: 228/101

185/73 (2.53) 21/5(4.2)
Moderate periodontitis: 95/36 (2.64)

Severe periodontitis: 90/37 (2.43)

61/28(2.18) 88/18 (4.9)

Severe and moderate periodontitis based on
the frequency and depth of periodontal
pockets

Individually tailored maintenance care
programme

HP group: Moderate periodontitis: 49 (+15.3)
Severe periodontitis: 44 (+8.6)
NHP group: 45 (+13)

NR
18 (17.8%)

No imbalance

e One stage implant placement
e No bone augmentation / sinus lift

Straumann

Unknown

NR

At least one periodontal
pocket 26 mm

NR

Overall: 63.1 (range:
39-79)

15(65.2%)
6 (26%)
NR

NR

ITI, Branemark

Unknown

NR

Italy Sweden
1990-2002 1985-1991
227/62 346/97
155/33 (4.7) 100/25 (4)

Moderate periodontitis: 26/7 (3.7)
Severe periodontitis: 129/26 (4.9)

72/29 (2.5)

Periodontal
Screening and Recording (PSR) index

3- to 6-month recall programme

HP group:

Moderate periodontitis: 56 (35-85)
Severe periodontitis: 56 (42-70)
NHP group: 40 (18-61)

39 (62.9%)
14 (22.6%)
Age

e 17.2% implants placed in augmented

bone

Nobel Biocare, Zimmer
Dental, Mathys, Straumann,
Dentsply Friadent

Unknown

NR

92/25 (3.68)

Age-related score of
radiographic bone loss

NR

Overall: 57.6 (£14.6)
HP group: 53.5 (+12.5)
NHP group: 57.3 (£19.1)

56 (57.7%)
NR
NR

e Conventional protocol
e No bone augmentation

Branemark

Unknown

NR
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TABLE 2 Characteristics of the selected studies including patients receiving different types of implant-supported prostheses, of which

IS-FPDs represented 270%

Reference
Characteristics

Study design
Follow-up (range)

Setting

Country

Time frame

Total number of
implants/patients

Number of implants/
patients in the HP
group (ratio)

Number of implants/
patients in the NHP
group (ratio)

Definition of history of
periodontitis

Supportive
periodontal /
implant therapy

Mean age, years (£SD,
range)

Female, n (%)
Smokers, n (%)

Significant imbalances
between the patient
groups

Implants placement
procedures

Implant brands

Type of implant-
supported
restorations

Funding source

Conflict of interest

Graetz et al., Clin Oral Investig
2018

Matched case-control
>5 years (5-23 years)

University/Hospital
Germany 1982-1998

145/58

69/29 (2.37)

76/29 (2.62)

Generalized chronic
periodontitis based on 1999
AAP Classification

>9 years with 21 visit/year
followed by a 3- to 6-month
recall programme for implant
supportive therapy

HP group: 56.0 (+10.8; range:
25-76)

NHP group: 55.7 (£10.4; range:
28-71)

30 (51.7%)
1(1.7%)

No imbalance (matched group)

NR

NR

e |S-FPD: 96.6%
e Other: 3.4%

Non-industry

Declared

Roccuzzo et al. Clin
Oral Implant Res 2017

Prospective cohort
10 years

Private practice
Italy
2000-2005

At baseline: 82/41
End of follow-up: 68/34

30/15(2)

38/18(2.1)

NR

Individually tailored
maintenance care
programme

Overall: 48.5 (+10.6)

28 (68.3%)
NR
NR

e Bone graft
for vertical
augmentation of at
least 4 mm

Straumann (SLA)

e |S-FPD: 73.5%
e Single crowns: 26.5%

Unknown
NR

Seki et al., Int J Implant Dent
2017

Cross-sectional
6.5 years

University/Hospital
Japan
2016

130/55

91/37 (2.45)

39/18 (2.16)

Chronic periodontitis based on
1999 AAP Classification

3- to 6-month recall
programme

Overall: 63.53 (+10.51)
HP group: 67.2 (+7.7)
NHP group: 56.0 (+11.8)

30 (54.5%)

NR

Age, number of missing teeth
at implant placement,
number of extracted teeth,
maintenance period

e Two-stage surgery

Replace Select™/

Steri-Oss® system, Novel
Replace®, OsseoSpeed™,
OSSEOTITE® XP,
Branemark system® Mk Il|

e |S-FPD: 70%

e Single crowns: 30%

Non-industry

Declared

Wagenberg et al.
Int J Oral Maxillofac
Implants 2013

Retrospective cohort
> 1year
(1-22 years)

University/Hospital
USA
1988-2004

1187/541

76/NR

1111/NR

Periodontal disease
as reason for
tooth extraction

NR

Overall: 58.75
(£13.07) (12-88)

NR
NR
NR

e Post-extraction
implant placement

e 96.5% of two-
stage surgery

Nobel, 3i

e |S-FPD: 81.8%
e Single crowns:
18.2%

Unknown

Declared

Abbreviations: AAP: American Academy of Periodontology; AgP: aggressive periodontitis; ChP: chronic periodontitis; HP: history of periodontitis;
IS-FPD: implant-supported fixed partial denture; NHP: no history of periodontitis; NR: not reported.
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Ormianer et al., Int J Oral
Makxillofac Implants 2012

Retrospective cohort
29.5 years

Private practice Israel
NR

173/46

138/30 (4.6)

35/16(2.2)

NR

Recalls 21 / year

Overall: 51

27 (58.7%)
NR
NR

e One- or two-stage surgery

e Delayed or immediate
loading

e Bone graft when necessary

NR

e |S-FPD: 90.8%
e Single crowns: 9.2%

Unknown
NR

Rinke et al., Clin Oral
Implant Res 2011

Retrospective cohort
>2 years (2-11.3 years)

Private practice
Germany
1999-2006

288/71

228/51 (4.47)

60/20 (3)

‘Active’ periodontal
therapy (i.e. scaling
and root planing or
surgical therapy)
within 5 years before
implant placement

3- to 6-month recall
programme

Overall: 52.4 (£10.2)
HP group: 54.2 (+9.6)
NHP group: 47.7 (+10.3)

41 (57.7%)
13(18.3%)
NR

NR

Ankylos

e |S-FPD: 93.7%
e Single crowns: 6.2%

Unknown
NR

Simonis et al. Clin Oral
Implants Res 2010

Retrospective
cohort

210 years
(10-16 years)

University/Hospital
France
1990-1997

At baseline: 162/76 At
10 years: 131/55

34/NR

97/NR

Periodontal disease as
reason for tooth
extraction

NR

Overall: 68.7 (x12)
(29-88)

34 (61.8%)
9 (16.4%)
NR

NR

Straumann

e |S-FPD: 72.6%
e Single crowns: 27.4%

Non-industry
NR

Wagenberg et al. Int J Oral
Maxillofac Implants 2006

Retrospective cohort
21 year
(1-16 years)

University/Hospital
USA
1988-2004

1925/891

122/NR

1803/NR

Periodontal disease as
reason for tooth
extraction

NR

Overall: 57.9 (14-94)

510 (57.2%)
NR
NR

e Post-extraction implant
placement

o 3.3% immediate loading

e 8.3% associated sinus lift

Nobel, 3i

e |S-FPD: 79.3%
e Single crowns: 20.7%

Unknown

Declared

Mengel et al., J
Periodontol 2005

Prospective cohort
3 years

University/Hospital
Germany
NR

147/39

Overall:

117/27 (4.3)
ChP: 43/12 (3.6)
AgP: 77/15 (5.1)

30/12(2.5)

1999 AAP Classification

3-month recall
programme

Overall: range 19-59
HP group: CP: 34
AgP: 32

NHP group: 31

21 (53.8%)
0
NR

e Two-stage implant
placement

MKII (Nobel),
Osseotite (3i)

e |S-FPD: 79.3%
e Single crowns: 20.7%

Unknown
NR

Wi LEYJE
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reviewers independently (MCC and HR). Study characteristics and
main findings were collected, analysed and then summarized in
tables to be processed for qualitative and quantitative analyses.
Where the same authors’ team or single institution had published
multiple reports with accumulating patient cohorts, the largest or
most informative study was included in the quantitative analyses,

according to the outcome of interest.

2.5 | Risk of bias assessment

Once completed the full-text article analysis, two reviewers (MCC
and HR) completed the risk of bias evaluation, which was assessed
by using appropriate tools according to the study design. Publication
bias and sponsoring bias were also evaluated. The source of fund-
ing was classified as industry, industry-associated, non-industry or
unknown (Popelut et al., 2010).

2.6 | Data synthesis and analysis

Whenever potentially relevant data were missing in the published
document, an attempt was made to contact the corresponding au-
thor. The feasibility and appropriateness of meta-analyses were
checked once completed data extraction and regrouped the selected
studies by type of outcome. Outcome measures were extracted as
mean (standard deviation, SD), median (interquartile range), fre-
quency or rate (%), as provided. In the meta-analysis, the risk ratio
(RR) and 95% confidence intervals (Cl) were estimated using the
Mantel-Haenszel method for binary outcomes. For continuous data,
the standardized mean differences (SMD) with 95%CI| between HP
and NHP groups were estimated using inverse variance weighting.
To compare survival rates between patient groups, hazard ratio (HR)
and 95%Cl were calculated as described by Tierney et al. (Tierney
et al., 2007). Heterogeneity was assessed by the I? statistic, and val-
ues of 25%, 50% and 75% considered as low, moderate and high het-
erogeneity, respectively. Random effect models were used to adopt
amore conservative approach, as a significant inter-study heteroge-
neity was expected. The robustness of the results and the potential
sources of heterogeneity were explored by performing sensitivity
analyses whenever indicated. The pooled effect was considered sig-
nificant if p < 0.05. The meta-analysis was performed with RevMan

software (Version 5.3; Cochrane Collaboration).

3 | RESULTS
3.1 | Study selection

The merged literature search allowed to initially identify 4096
original articles that underwent the screening process (Figure 1).
Upon title and abstract, 3747 studies were judged as irrelevant and
were excluded. The remaining 349 articles underwent a full-text

evaluation; for 12 studies, we did not have access to the full text; we
contacted the corresponding authors (via email or ResearchGate),
but we were not able to obtain the documents, except for one study
(Wagenberg & Froum, 2006). Two further studies were identified
from the reference lists of the screened articles.

During full-text analysis, if critical information, such as the % of
IS-FPD over the total number of implants/IS-restorations placed or
the detailed outcomes measure in the HP and NHP groups were
missing, corresponding authors were contacted in order to gather
the missing data or to clarify the unclear issues. Only twelve authors
of the 25 contacted (48%) responded to our emails and provided the
missing information. Finally, 334 articles were excluded because not
relevant to the review question or not meeting all inclusion criteria
(Appendix S1). Thus, 17 articles were included in the present sys-
tematic review (Figure 1).

During the study selection process, the Cohen's kappa between
the examiners was moderate to low, but with a proportionate agree-
ment that ranged between 84% and 100% (Appendix S2).

3.2 | Study characteristics

The selected studies included 7 prospective and 10 retrospective
studies. Six were conducted in Italy (35.3%), 3 in Germany, 2 in
Sweden, 2 in the United States, 1 in Israel, 1 in China, 1 in Japan and
1in France.

Eight studies (47%) investigated the effectiveness of IS-FPD in
cohorts of partially edentulous patients receiving I1S-FPD only (no
other types of prosthesis) (Degidi et al., 2016; Gatti et al., 2008;
Hardt et al., 2002; Jiang et al., 2013; Roccuzzo et al., ,2010, 2012,
2014; Serino & Strom, 2009). Among them, two articles reported
different outcomes from the same study population (Roccuzzo et al.,
,2010, 2012) and were thus considered as one study. Overall, these
8 studies considered 889 implants placed in 289 HP patients versus
697 implants placed in 244 NHP patients (control group) (Table 1).

The remaining 9 studies (Graetz et al., 2018; Mengel & Flores-
de-Jacoby, 2005; Ormianer & Patel, 2012; Rinke et al., 2011,
Seki et al., 2017; Simonis et al., 2010; Wagenberg & Froum, 2006;
Wagenberg et al., 2013) included patients receiving different types
of IS-restorations, of which IS-FPD corresponded to >270% (range
70%-96.6%). Two studies were conducted by the same investigators
on the same study population but with different follow-up durations
(Wagenberg & Froum, 2006; Wagenberg et al., 2013). Three studies
did not specify the number of patients per group, since they used the
implant as statistical unit (Simonis et al., 2010; Wagenberg & Froum,
2006; Wagenberg et al., 2013); these latter 3 studies contributed with
156 implants placed in HP patients and 1900 implants placed in NHP
patients. In the other 6 studies, overall, 673 implants were placed in
189 HP patients versus 278 implants in 113 NHP patients (Table 2).

The definition of HP varied among the studies. Four studies differ-
entiated between moderate and severe forms of periodontitis (Gatti
et al., 2008; Roccuzzo et al., ,2010, 2012, 2014) but used different
criteria. One study differentiated between aggressive and chronic
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periodontitis according to the AAP Classification of 1999 (Mengel &
Flores-de-Jacoby, 2005). Two studies identified patients with a HP
based on previous periodontal treatments (Degidi et al., 2016; Rinke
etal., 2011), whereas 3 studies defined periodontal disease as the rea-
son for tooth extraction (Simonis et al., 2010; Wagenberg & Froum,
2006; Wagenberg et al., 2013). In 4 studies, implants were placed
in post-extractional sites with or without immediate loading (Degidi
et al., 2016; Ormianer & Patel, 2012; Wagenberg & Froum, 2006;
Wagenberg et al., 2013), in 4 studies bone graft procedures were
eventually associated (Gatti et al., 2008; Ormianer & Patel, 2012;
Roccuzzo et al., 2017; Wagenberg & Froum, 2006), and in 9 studies
conventional one- or two-stage protocols were followed (Hardt et al.,
2002; Jiang et al., 2013; Mengel & Flores-de-Jacoby, 2005; Ormianer &
Patel, 2012; Roccuzzo et al., 2012, 2014; Seki et al., 2017; Wagenberg
& Froum, 2006; Wagenberg et al., 2013), with great heterogeneity
within the single studies (Tables 1 and 2).

The type of supportive periodontal therapy and supportive
dental implant therapy was reported in 11/17 studies (Degidi et al.,
2016; Gatti et al., 2008; Graetz et al., 2018; Mengel & Flores-de-
Jacoby, 2005; Ormianer & Patel, 2012; Rinke et al., 2011; Roccuzzo
et al., 2010, 2012, 2014, 2017; Seki et al., 2017). Regarding the out-
comes, implant survival was reported in 14 studies (Degidi et al.,
2016; Gatti et al., 2008; Graetz et al., 2018; Hardt et al., 2002; Jiang
et al., 2013; Mengel & Flores-de-Jacoby, 2005; Ormianer & Patel,
2012; Roccuzzo et al., 2010, 2012, 2014, 2017; Simonis et al., 2010;
Wagenberg & Froum, 2006), implant/prosthesis success in 3 studies
(Degidi et al., 2016; Gatti et al., 2008; Ormianer & Patel, 2012), peri-
implant disease rate in 10 studies (Degidi et al., 2016; Gatti et al.,
2008; Rinke et al., 2011; Roccuzzo et al., 2010, 2012, 2014, 2017,
Seki et al., 2017; Serino & Strom, 2009; Simonis et al., 2010), radio-
graphic MBL changes over time in 12 studies (Degidi et al., 2016;
Gatti et al.,, 2008; Graetz et al., 2018; Hardt et al., 2002; Mengel
& Flores-de-Jacoby, 2005; Ormianer & Patel, 2012; Roccuzzo et al.,
2010, 2012, 2014, 2017; Simonis et al., 2010; Wagenberg et al.,
2013) and prosthetic complications in 2 studies (Degidi et al., 2016;
Ormianer & Patel, 2012). Definitions for peri-implant diseases and
methods used to assess radiographic MBL varied among the se-
lected studies (Table S2). Only one study considered PROMs eval-
uated upon questionnaire, but the outcome was reported for the
overall study population and not by groups (comparison between HP
vs. NHP patients was not reported) (Simonis et al., 2010).

3.3 | Synthesis of the results

The outcomes of the selected studies are summarized in Table 3.

3.3.1 | Survival rate

Pooled data analyses showed that implant survival was significantly
higher in the NHP group than HP group, with an overall HR of 2.06

of surviving for implants placed in NHP patients. Interestingly, no
group difference was noted in studies with a follow-up shorter than
5 years (Figure 2).

Sensitivity analyses were conducted to investigate the impact of
periodontitis severity and the homogeneity of the patient cohorts
under investigation. Based on 3 studies (Gatti et al., 2008; Roccuzzo
et al., 2012, 2014), corresponding to 321 implants placed in patients
with severe periodontitis versus 217 implants placed in patients with
moderate periodontitis, no significant difference was noted for im-
plant survival over a 5 to 10 years follow-up period (HR: 1.31; 95%
Cl: 0.58-2.96; p = 0.52; > = 0%). Hence, this subset of patients with
history of severe periodontitis showed an increased risk of implant
loss compared to NHP patients, that, however, did not reach a sta-
tistical significance (RR: 3.12; 95% Cl: 0.92-10.57; p = 0.99; I? = 0%).

Concerning the type of study design, similar findings were noted
when considering prospective and retrospective studies separately.
Based on the 6 prospective cohort studies only (Degidi et al., 2016;
Gatti et al., 2008; Mengel & Flores-de-Jacoby, 2005; Roccuzzo et al.,
2012, 2014, 2017), accounting for 740 implants placed in HP patient
vs. 458 implants placed in NHP patients, a significant higher implant
survival was found for implants placed in NHP patients (HR: 2.42;
95% Cl: 1.19-4.94: p = 0.01; I?> = 0%). Based on the 6 retrospective
studies (Graetz et al., 2018; Hardt et al., 2002; Jiang et al., 2013;
Ormianer & Patel, 2012; Simonis et al., 2010; Wagenberg & Froum,
2006) accounting for 612 implants placed in HP patients vs. 2230
implants placed in NHP patients, a significant higher implant survival
was found in favour of this latter group (HR: 1.91; 95% Cl: 1.16-3.12;
p =0.01; I = 0%).

While analysing the failure rates of IS-FPD in studies consider-
ing patients receiving IS-FPD only (Degidi et al., 2016; Gatti et al.,
2008; Hardt et al., 2002; Jiang et al., 2013; Roccuzzo et al., 2012,
2014), implants placed in the HP group had a significantly greater
RR to fail over time (RR: 2.12; 95% Cl: 1.10-4.07; p = 0.02; 1> = 0%)
compared to implants placed in the NHP group. Similar results were
found when analysing the 6 studies on mixed cohorts in which IS-
FPD corresponded to 270% (Graetz et al., 2018; Mengel & Flores-
de-Jacoby, 2005; Ormianer & Patel, 2012; Roccuzzo et al., 2017,
Simonis et al., 2010; Wagenberg & Froum, 2006), with a greater risk
of failure for implants placed in HP patients (RR: 1.81; 95% ClI: 1.15-
2.84;p =0.01; 1> = 0%) (Figure S1).

Reasons for implant failure were specified in 11/14 studies
(78.6%). The most frequent complication leading to implant loss was
peri-implantitis (Degidi et al., 2016; Gatti et al., 2008; Hardt et al.,
2002; Roccuzzo et al., 2010, 2012, 2014, 2017; Simonis et al., 2010;
Wagenberg & Froum, 2006). Other reasons included implant frac-
ture or trauma (Simonis et al., 2010; Wagenberg & Froum, 2006),
lack/loss of osseointegration (Degidi et al., 2016; Simonis et al.,
2010; Wagenberg & Froum, 2006), implant mobility (Jiang et al.,
2013; Mengel & Flores-de-Jacoby, 2005), and pain or paresthesia
(Simonis et al., 2010; Wagenberg & Froum, 2006). No study reported
differences between the HP and NHP groups concerning the rea-

sons of implant failure.
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TABLE 3 Summary of the outcomes reported of the selected studies

Outcomes
Reference

Survival rate

Studies including patients with IS-FPDs only

Degidi et al., Clin
Oral Impl Res
2016

Roccuzzo et al., Clin
Oral Impl Res
2014

Jiang et al., Int J Oral
Maxillofac Sur
2013

Roccuzzo et al., Clin
Oral Impl Res
2010 and Clin
Oral Impl Res
2012

Serino et al., Clin
Oral Impl Res
2009

Gatti et al., Eur J Oral
Implantol 2008

Hardt et al., Clin Oral
Impl Res 2002

Overall: 96.4%
HP group: 96.3%
NHP group: 97.5%

HP group: Moderate periodontitis:

96.9%
Severe periodontitis: 97.1%
NHP group: 100%

HP group: 95.9%
NHP group: 97.6%

HP group: Moderate periodontitis:

92.8%
Severe periodontitis: 90%
NHP group: 96.6%

NR

HP group: Moderate periodontitis:

100%
Severe periodontitis: 98.4%
NHP group: 100%

HP group: 92%
NHP group: 96.7%

Peri-implant diseases rate

Mucositis:

Overall: 35 (18.13%) implants in
26 (32.5%) patients

Peri-implantitis:

Overall: 16 (8.29%) implants in
14 (17.5%) patients

Peri-implantitis:

HP group: Moderate
periodontitis: 52.2% of
patients

Severe periodontitis: 66.7% of
patients

NHP group: 18.8% of patients

NR

Peri-implantitis:

HP group: Moderate
periodontitis: 27% of patients

Severe periodontitis: 47.2% of
patients

NHP group: 10.7% of patients

Peri-implantitis:

HP group: 11/21 implants (52%)

NHP group: 47/88 implants
(53%)

Peri-implantitis:

HP group: Moderate
periodontitis: no implant

Severe periodontitis: 4/129 (3.1%)
implants

NHP group: no implant

NR

Radiographic marginal bone level changes

HP group: at 12 months: 0.89 mm (+0.17);
24 months: 1.07 mm (+0.18); 5 years;
1.48 mm (+0.27); 10 years: 2.01 mm
(£0.27)

NHP group: at 12 months: 0.83 mm (+0.21);
24 months: 1.02 mm (+0.22); 5 years;
1.40 mm (£0.29); 10 years: 2.79 mm
(+0.34)

HP group: Moderate periodontitis: 9.4% of
implants

Severe periodontitis: 10.8% of implants with a
bone loss 23 mm

NHP group:

0%

NR

HP group: Moderate periodontitis: 1.14 (+1.11)
mm

Severe periodontitis: 0.98 (+1.22)

NHP group:

0.75 (+0.88) mm

NR

HP group: Moderate periodontitis: 2.80
(£0.45) mm

Severe periodontitis: 2.63 (+1.06)

NHP group:

1.37 (£1.04) mm

HP group: 16 (64%) patients and 62% of
implants with a mean bone loss >2 mm

NHP group:

6 (24%) patients and 44% of implants

Studies including different types of implant-supported prostheses, of which IS-FPDs represented >270%

Graetz et al., Clin
Oral Investig
2018

Roccuzzo et al. Clin
Oral Implant Res
2017

Sekietal., IntJ
Implant Dent
2017

HP group: at 5 years: 97.1%
at 10 years: 92.5%

NHP group: at 5 years: 97.4%
at 10 years: 91.4%

HP group: 90%
NHP group: 97.4%

NR

NR

Peri-implant disease:

HP group: 12/30 implants (40%)

NHP group: 7/38 implants
(18.4%)

Peri-implantitis:

HP group: 14/91 implants
(15.4%) corresponding to
3/37 patients (16.2%)

NHP group: 0%

NR

HP group: 0.78 (+0.59) mm

NHP group: 0.43 (+0.5) mm

NR

(Continues)
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TABLE 3 (Continued)

Outcomes
Reference

Wagenberg et al. Int
J Oral Maxillofac
Implants 2013

Ormianer et al., Int J
Oral Maxillofac
Implants 2012

Rinke et al., Clin Oral
Implant Res 2011

Simonis et al. Clin
Oral Implants Res
2010

Wagenberg et al. Int
J Oral Maxillofac
Implants 2006

Mengel et al., J
Periodontol 2005

Survival rate

NR

HP group: 99.3%
NHP group: 100%

NR

HP group: 85.3%
NHP group: 90.6%

HP group: 91.8%
NHP group: 96.3%

HP group: 98.3%
NHP group: 100%

Peri-implant diseases rate

NR

NR

Mucositis:

HP group: 30 (58.8%) patients

NHP group: 5 (25%) patients

Peri-implantitis:

HP group: 7 (13.7%) patients

NHP group: 1 (5%) patient

Peri-implantitis:

HP group: 37.9% of patients

NHP group: 10.5% of patients

NR

NR

Abbreviations: HP: history of periodontitis; NHP: no history of periodontitis; NR: not reported.

FIGURE 2 Forest plot for implant

survival

Three studies also reported the rate of tooth loss during the fol-
low-up for HP and NHP patients receiving 1S-FPDs (Graetz et al.,
2018; Roccuzzo et al., 2010, 2014). One study found that the mean
tooth loss during the 10-year observation period was not signifi-
cantly different between groups, although NHP patients had a lower
incidence of tooth loss (4.2%) compared to HP patients with mod-
erate (6.5%) or severe periodontitis (7%) (Roccuzzo et al., 2010).

Radiographic marginal bone level changes

HP group: 0.43 (+0.68) mm
NHP group: 0.54 (+ 0.83) mm

HP group: 85 (62%) implants without bone
loss; 18 (13.1%) implants with 1.5 mm of
bone loss; 3 implants >2.5 mm bone loss,
and 1 implant >3.5 mm

NHP group: 30 (85.7%) implants without
bone loss; 3 (8.6%) implants with 1.5 mm
of bone loss, and no implant with
>2.5 mm of bone loss

NR

Overall: 2.2 £ 3.4 mm

NR

HP group:

ChP at 1 year: 0.68 (£0.54) mm; at 3 year:
0.18 (+0.11) mm

AgP: at 1 year: 0.83 (+ 0.71) mm; at 3 year:
0.31 (£0.22) mm

NHP group: at 1 year: 0.58 (+0.45) mm; at
3 year: 0.12 (+0.08) mm

HP Group NPH Group Hazard Ratio Hazard Ratio

Study or Subgroup Ratio] _SE Total Total Weight IV, Random, 95% Cl 1V, Random, 95% CI

Follow-up <5 years
Mengel et al. 2005 1.26 1.76 117 30 1.4% 3.53[0.11, 111.00]
Jiang et al. 2011 0.5 0.67 149 127 9.5%  1.65[0.44,6.13] s S —
Subtotal (95% CI) 266 157 10.9% 1.82 [0.53, 6.19] et
Heterogeneity: Tau? = 0.00; Chi’ = 0.16, df = 1 (P = 0.69); I = 0%
Test for overall effect: Z = 0.95 (P = 0.34)

Follow-up =5 years
Hardt et al. 2002 0.81 0.59 100 92 123%  2.25(0.71,7.14] —
Wagenberg et al. 2006 1.13 0.45 122 1803 21.2%  3.10[1.28, 7.48] —_—
Gatti et al. 2008 1.56 145 129 72 2.0% 4.76(0.28, 81.61]
Ormianer et al. 2012 1.25 2.53 138 35 0.7% 3.49[0.02, 497.06]
Graetz et al. 2018 -0.13 0.59 69 76 12.3%  0.88(0.28,2.79] — T
Subtotal (95% CI) 558 2078 485%  2.11[1.18,3.79] et
Heterogeneity: Tau? = 0.00; Chi’ = 3.30, df = 4 (P = 0.51); > = 0%
Test for overall effect: Z = 2.52 (P = 0.01)

Follow-up 10 years
Simonis et al. 2010 0.49 0.61 34 97 11.5%  1.63[0.49, 5.40] —
Roccuzzo et al. 2012 0.73 055 185 61 14.2%  2.08(0.71,6.10] —
Roccuzzo et al. 2014 139 1.08 198 54 3.7%  4.01[0.48,33.34] R e
Degidi et al. 2016 0.44 0.78 81 203 7.0%  1.55[0.34,7.16] —
Roccuzzo et al. 2017 1.26 1.01 30 38 42% 3.53[0.49, 25.52] S B —
Subtotal (95% CI) 528 453 40.6%  2.07 [1.09,3.91] . s
Heterogeneity: Tau? = 0.00; Chi? = 0.94, df = 4 (P = 0.92); I = 0%
Test for overall effect: Z = 2.24 (P = 0.03)
Total (95% CI) 1352 2688 100.0%  2.06 [1.37, 3.09] -
Heterogeneity: Tau? = 0.00; Chi’ = 4.45, df = 11 (P = 0.95); I = 0%
Test for overall effect: Z = 3.49 (P = 0.0005) 01 0z 05 2 s
Test for subgroup differences: Chi? = 0.05, df = 2 (P = 0.98), I* = 0%

Conversely, another study reported that the mean number of teeth
lost during the supportive periodontal therapy was 0.7 + 1.0 for
NHP patients, 1.3 + 1.3 for moderate periodontitis and 1.9 + 1.9 for
severe periodontitis, with a significant difference among the three
groups, particularly evident for patients non-compliant to periodon-
tal follow-up (Roccuzzo et al., 2014). Similarly, Graetz et al. reported
a 20% rate of tooth loss for HP patients during an observation period
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HP Group Control Group

Risk Ratio

Risk Ratio

FIGURE 3 Forest plot for peri-
implantitis rate. (a) Rate at the patient

Study or Subgroup __Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl | .
evel. (b) Rate at the implant level
(@) Roccuzzoetal. 2010 27 73 3 28 27.1% 3.45 [1.14, 10.48] —
Rinke et al. 2011 7 s1 1 20 8.1% 2.75 [0.36, 20.91] —_—
Seki et al. 2017 3 37 0 18 3.9% 3.50 [0.19, 64.35] _—t
Subtotal (95% CI) 161 66 39.1% 3.30 [1.31, 8.30] e
Total events 37 4
Heterogeneity: Tau? = 0.00; Chi? = 0.04, df = 2 (P = 0.98); I> = 0%
Test for overall effect: Z = 2.53 (P = 0.01)
002 01 10
HP Group  Control Group Risk Ratio Risk Ratio

Study or Subgroup

Events Total Events

Total

Weight M-H, Random, 95% CI

M-H, Random, 95% CI

(b) Gattietal. 2008 7 129 ) 72 9.0% 5.05 [0.28, 92.55] —
Serino et al. 2009 121 47 88 28.3% 0.98[0.62, 1.54] -
Degidi et al. 2016 35 81 16 203 27.7% 5.48 [3.22, 9.34] —a
Seki et al. 2017 14 91 0 39 9.5%  12.61[0.77, 206.24] —
Roccuzzo et al. 2017 12 30 7 38 25.4% 2.17[0.98, 4.83] ——
Total (95% CI) 352 440 100.0% 2.86 [1.01, 8.15] (e —
Total events 76 70
Heterogeneity: Tau? = 0.95; Chi? = 27.58, df = 4 (P < 0.0001); I* = 85% 02 o1 Iy 5o

Test for overall effect: Z = 1.97 (P = 0.05)

HP Group NHP Group Std. Mean Difference Std. Mean Difference 1
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI F I G U R E 4 ForeSt pIOt fOr marglnal
Mengel et al. 2005 0.18 0.11 43 0.12 0.08 30 16.4% 0.60 [0.12, 1.08] - bone level changes over time (mm) at the
Gatti et al. 2008 263 1.06 129 137 104 72 16.9%  0.20([-0.09, 0.49] .
Roccuzzoetal. 2010 0.98 1.22 90 0.75 0.88 61 16.8%  021[-0.12,0.53] implant level

Wagenberg et al. 2013 0.43 0.68 76 0.54 0.83 1111 17.0% -0.13[-0.37,0.10]

Degidi et al. 2016 2.01 0.27 81 2.79 034 203 16.8% -2.42[-2.74,-2.09]
Roccuzzo et al. 2017 0.78 0.59 27 043 05 37 16.2% 0.64[0.13, 1.15]
Total (95% CI) 446 1514 100.0% -0.16 [-1.04,0.73]

Heterogeneity: Tau? = 1.18; Chi? = 211.40, df = 5 (P < 0.00001); I> = 98%
Test for overall effect: Z = 0.35 (P = 0.73)

of 11.0+£5.6 years, whereas only 6.4% of teeth present at baseline
were extracted in NHP patients (Graetz et al., 2018).

3.3.2 | Success rate

Due to the heterogeneity in reporting, no pooled data analysis was
possible for this outcome. Success rate was evaluated by Degidi et al.,
2016 (Degidi et al., 2016) over a 10-year prospective follow-up, and
it was estimated at 62.6% for the overall study population. In the pro-
spective cohort study by Gatti et al. (Gatti et al., 2008) over a 5-year
follow-up, 1/48 prosthesis failed in the severe periodontitis group due
to advanced peri-implantitis (success rate: 97.9%), whereas no failure
was observed in the groups of patients with moderate periodontitis or
periodontally healthy (success rate: 100%). In the retrospective cohort
study by Ormianer et al. over a follow-up of 29.5 years, the overall
success rate was 90.9% (Ormianer & Patel, 2012).

Prosthetic complications were reported in details by Degidi
et al., 2016 (Degidi et al., 2016) but only for the overall study popu-
lation (n = 80 patients, 193 implants). They concerned the 39.5% of
patients and included repeated relining procedure (2.6%), small frac-
tures or chipping (7.9%), loosening of the temporary abutment screw
(3.5%), dissatisfaction with the colour shade (0.9%), loosening of the
final abutment screw (0.9%), detachment of the prosthesis because
of cement failure (7.9%), minor chipping of the porcelain veneer of
the final restoration (7.9%) and complete detachment of the ceramic
veneer (6.1%). Ormianer et al. (Ormianer & Patel, 2012) reported ce-
ment failure (n = 1), porcelain fracture (n = 11), framework fracture
(n = 1) in the HP group and cement failure (n = 1), porcelain fracture
(n = 1) and framework fracture (n = 1) in the NHP group, without
significant differences between the groups.

3.3.3 | Peri-implantitis rate.

The risk of peri-implantitis was evaluated at the patient and im-
plant level. Patients with a HP had a RR of 3.3 of developing peri-
implantitis over the follow-up period compared to NHP patients.
This was also observed at the implant level, although with a greater
heterogeneity (I*: 85%) (Figure 3).

3.34 | MBL changes

Four studies (Graetz et al., 2018; Hardt et al., 2002; Ormianer &
Patel, 2012; Roccuzzo et al., 2014) reported MBL changes as % of
the implant height and were not used for the pooled data analysis.
Thus, based on the remaining 6 studies (Degidi et al., 2016; Gatti
etal., 2008; Mengel & Flores-de-Jacoby, 2005; Roccuzzo et al., 2010,
2017; Wagenberg et al., 2013), in which the MBL change over time
was estimated on radiographs and expressed in mm, there was no
difference in MBL between implants placed in HP and NHP patients
(Figure 4).

3.4 | Risk of bias

According to the type of study design, the Newcastle-Ottawa
Scale (NOS) (Stang, 2010) for cohort and case-control studies
was used to assess the risk of bias. Overall, 10 studies (58.8%)
were considered at low risk of bias (>7/9 stars) (Table S3). Funding
sources were unknown in the majority of studies (12/17; 70.6%),
and a conflict of interest declaration was present only in 6 studies
(35.3%) (Tables 1 and 2).
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A funnel plot was built only for the primary outcome, that is im-
plant survival, because it was the only outcome assessed on at least
10 studies (Higgins & Green, 2011). It showed an asymmetric plot
with the majority of the studies clustered at the top and towards the
right of the graph. This display suggested the presence of publica-
tion bias (Figure S2).

4 | DISCUSSION
4.1 | Main findings

The present systematic review, based on a relevant number of
studies, patients and implants, demonstrates that I1S-FPDs placed
in HP patients have a poorer long-term survival and a greater risk
of peri-implantitis compared to IS-FPDs placed in NHP patients.
No differences between the HP and NHP groups are detected for
MBL changes over time, and no conclusion can be drawn on IS-FPD
overall success rate, this outcome being poorly investigated and re-
ported. In addition, the paucity of data on the occurrence of me-
chanical/prosthetic complications and about PROMS also prevent to
conclude on these outcomes.

Dental implants represent a valuable and widespread thera-
peutic option to replace missing teeth. Although associated with
high and predictable long-term success and survival rates in
general (Fu & Wang, 2020), patients receiving 1S-rehabilitations
need to be informed about the potential risks and complications
that may occur over time. First, the occurrence of peri-implant
diseases is rather large with a weighted mean prevalence (at the
patient level) across Europe and South and North America of
peri-implant mucositis and peri-implantitis estimated at 43% and
22%, respectively (Derks & Tomasi, 2015). Second, the prevalence
of peri-implantitis increases over time, as it is observed after a
5-10 years follow-up (Derks & Tomasi, 2015; Fu & Wang, 2020),
and it appears to be the most frequent cause of implant loss. Thus,
all efforts should be made to prevent peri-implant inflammation
and infection by controlling potential risk factors prior to implant
placement (Heitz-Mayfield et al., 2018).

A history of periodontitis has been reported as positively as-
sociated with poorer survival rates and peri-implantitis in general
(Ferreira et al., 2018; Fu & Wang, 2020; Lin et al., 2020; Wen et al.,
2014). The present meta-analysis demonstrates that IS-FPDs,
concerning at least 2 implants, placed in patients with HP have
a worse prognosis than IS-FPDs placed in NHP patients. This is
highly relevant in treatment plans that require complex rehabili-
tations to replace multiple missing teeth. With an overall survival
rate of 95.1% vs. 97.9%, HP patients have approximately 2 times
the risk of losing their implants compared to NHP patients over
time. A survival rate of 95% at 10 years after loading may be con-
sidered as adequate or acceptable, but, however, it does not con-
sider the occurrence of complications that can drastically impact
on the treatment success despite the fact that the implant may still
in place. Indeed, also the risk of biological complications, namely

peri-implantitis, is 3.3 times higher in HP patients than NHP pa-
tients. This factor should drive clinicians to carefully evaluate the
risks/benefits ratio in the choice of the prosthetic rehabilitation
and to adopt individualized protocols for periodontal and implant
follow-up. Alternatives to IS-FPDs include tooth-supported FPDs
and removable prostheses. Although they are suitable treatments
even in patients with a history of periodontitis, using periodon-
tally compromised teeth as abutments may be risky and increase
the rate of tooth loss (Bdumer et al., 2020; Pretzl et al., 2008).
Moreover, HP patients are more susceptible to continue to lose
teeth over time compared to NHP patients, especially when they
are diagnosed with stage IV periodontitis or if they are not com-
pliant to periodontal follow-ups (Graetz et al., 2018; Ravida et al.,
2020; Roccuzzo et al., 2012, 2014).

Multiple factors can explain the increased susceptibility to peri-
implant diseases and consequently to poorer implant survival in HP
patients. These include genetic components determining host re-
sponses, specific compositions and abundance of pathogens in the
oral microbiota, systemic comorbidities, lifestyle habits (e.g. smok-
ing), and erratic or non-compliant behaviours towards oral hygiene
and periodontal follow-ups (Fu & Wang, 2020). Most of these factors
can be managed prior to implant placement and monitored during all
different steps of IS-rehabilitation, from the early postoperative pe-
riod to the individualized implant supportive care phase. However,
risk factor control is highly difficult to achieve in daily practice, in-
volving multidimensional aspects for both dentists and patients,
and it is hardly captured in research studies in which the numerous
confounding factors mentioned above are rarely considered in the
statistical analyses. Moreover, there is an important ‘time effect’, as
revealed by the present study based on a considerable number of
publications with mid and long-term follow-ups. Indeed, even if the
breakdown of peri-implant diseases is sudden, the long-term clinical
follow-up of dental implants is the cornerstone of their evaluation.
Follow-ups shorter than 5 years appear to be insufficient to detect
a significant difference in implant survival between HP and NHP pa-
tients. To our knowledge, the present study not only updates what
was previously reported but it definitely strengthens the evidence
of the role of periodontitis on peri-implant diseases occurrence in

patients requiring IS-FPDs.

4.2 | Methodological considerations

The present review was conducted by following a systematic ap-
proach involving multiple reviewers expert in periodontology and
prosthodontics in order to provide the most exhaustive evaluation
of the currently available studies on the effectiveness of IS-FPD in
patients with HP. Quantitative pooled data analyses were possible
for a consistent number of studies and the majority of the consid-
ered outcomes; moreover, sensitivity analyses were performed to
assess the robustness of the results taking into account, whenever
possible, the type of IS-rehabilitation, the study design and the se-
verity of the disease.
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However, the present systematic review highlighted some lim-
itations of the current literature. All studies were based on conve-
nience samples of patients, mostly of limited size. No experimental
study was found (e.g. RCT), and only 7/17 studies (41/2%) provided
a prospective patient's follow-up. There was a variety of case defini-
tions for both exposure (i.e. history of periodontitis) and outcomes
(i.e. peri-implantitis), which suggests a generalized lack of con-
sensus in research. This is expected to improve in the near future
following the implementation of recently developed disease clas-
sification and treatment guidelines (Berglundh et al., 2018; Caton
et al., 2018; Papapanou et al., 2018; Sanz et al., 2020). However,
this should be considered as a potential drawback of the current
evidence. Moreover, it must be noted that in the field of implant
dentistry the proposed case definitions should be viewed within
the context that there is no generic or standardized implant, but
numerous implant designs with different surface characteristics,
surgical and loading protocols, which characterize a heterogeneous
clinical practice (mirrored in the high pooled data heterogeneity
observed for some implant-related outcomes, such as MBL).

Unfortunately, there is a lack of relevant data about the suc-
cess rate of IS-FPDs in HP and NHP patients. Implant success rate
is defined as the dental implant and the prosthetic reconstruction
being present in the mouth of the patient as functional and without
any type of complication (biological and mechanical) (Albrektsson
et al., 1986), which should also include the aesthetic outcomes and
patient's satisfaction (PROMS). The detection of an unsuccessful im-
plant may occur long time before implant failure (i.e. implant loss)
and may require multiple treatments to manage it. Thus, this out-
come should be assessed on a yearly basis to capture short-term
complications that may precede implant loss and to better describe
the clinical risks related to IS-FPD in HP vs. NHP patients.

Based on the current literature, it was not possible to specif-
ically identify patients with Stage IV periodontitis, being all the
included studies based on previous classification systems. A high
heterogeneity was observed in the definitions used in the single
studies, being most of the time impossible to correctly assess the
severity of periodontitis or the susceptibility to disease progres-
sion (corresponding to periodontitis grade), although in all studies
the disease was successfully managed before implant placement.
It could be advocated that patients with a history of Stage IV
periodontitis may more likely need IS-FPDs due to the multiple
periodontitis-related tooth loss (Ravida et al., 2020). This may also
lead to subsequent alveolar bone resorption that represents a clin-
ical challenge to achieve functional restorations. Ridge resorption
may imply regenerative procedures for vertical and/or horizontal
bone augmentation that can also have an impact on implant success
and survival rates (Elnayef et al., 2017; Sanz-Sanchez et al., 2015).
Furthermore, bite collapse and occlusal discrepancy may increase
the complexity of the oral rehabilitation requiring multidisciplinary
treatments (Tonetti et al., 2018). These aspects, however, could not
be precisely ascertained from the current literature, and caution

is required in the interpretation and generalization of the present

results to the specific patient population today identified as suffer-
ing from stage |V periodontitis.

Despite that pooled data analyses tend to minimize the effects
of potential confounders by considering larger samples, it must be
acknowledged that it was not possible to distinguish the role of
the multiple factors potentially impacting on IS-FPD outcomes.
For example, 8/17 studies (47%) considered both non-smokers
and smokers, the latter group representing 1.7%-28.8% of the
patient sample. One study considered non-smokers only (Mengel
& Flores-de-Jacoby, 2005), whereas the remaining 7 studies did
not provide any detail about smoking habits. Similarly, multiple
implant brands, implant placement protocols (e.g. one-stage, two-
stage surgery and bone augmentation), implant site location (e.g.
mandibular, maxillary) and IS-restorations (e.g. materials, number
of units) were included. If this may capture a more realistic pic-
ture of the clinical daily practice, it definitely introduces bias and
confounders potentially influencing the association between the
exposure and the outcome. Finally, publication and sponsoring bias
may have an impact in the field of implant dentistry. Efforts were
made to minimize the risk of publication bias by performing an
exhaustive literature search including theses, dissertations, grey
literature and unpublished researches. However, the funnel plot
generated for studies dealing with implant survival suggests the
presence of publication bias that needs to be considered in the
critical appraisal of the literature. Moreover, 47% of the selected
studies were conducted in private practice settings, and 70% did
not report the source of funding, making impossible to estimate

the role of sponsoring bias.

5 | IMPLICATIONS FOR FUTURE
RESEARCH

Future research studies may consider the following issues:

e To improve study design by including larger sample size and lon-
ger prospective follow-up (>5 years), with outcome assessment at
multiple time points in order to identify the long-term evolution
of risk and those factors that may impact on it (e.g. patient's com-
pliance to implant supportive care protocols).

e To consider experimental trials to assess effectiveness and risk of
IS-FPD in highly controlled settings (e.g. implant design, type of
implant placement protocol).

e To adopt standardized case definitions for periodontitis and im-
plant outcomes, including survival, success and peri-implant dis-
eases occurrence.

e To evaluate specific clinical outcomes, such as probing depth,
bleeding on probing, suppuration and radiographic bone loss
around implants (and teeth) with standardized measures and
reporting.

e To systematically report mechanical/prosthetic complications

and success rate in patients treated with IS-FPDs.
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e To investigate the role of comorbidities and lifestyle habits, sig-
nificantly associated with periodontitis, on the long-term effec-
tiveness of I1S-FPDs.

e To evaluate PROMS.

6 | IMPLICATIONS FOR CLINICAL
PRACTICE

e Clinicians should be aware that IS-FPD effectiveness may be less
favourable in patients with a history of periodontitis than patients
with no history of periodontitis.

e Efforts should be made to promote risk factor control prior to
implant placement, particularly in patients with a history of
periodontitis.

e Efforts should be made to insure a personalized periodontal fol-
low-up for these patients, which will allow clinicians to promptly
detect the first signs of inflammation around implants and pre-
vent the occurrence of peri-implantitis and ultimately I1S-FPD

failure.

7 | CONCLUSIONS

In partially edentulous patients receiving IS-FPDs, a history of peri-
odontitis is associated with a poorer survival rate and an increased
risk of peri-implantitis over a 5-10 years follow-up period after im-

plant loading.
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