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Abstract

Aims: The present systematic review and meta-analysis aimed to evaluate the long-term
efficacy of periodontal regenerative procedures for the treatment of intrabony periodontal
defects after at least 5 years of follow-up.

Materials and methods: Electronic literature database search was performed in CINAHL,
EMBASE, PubMed, and Web of Science. Additionally, a manual search of literature was
performed. Studies conducted in human subjects with intrabony periodontal defects
treated using periodontal regenerative therapy and a minimum follow-up period of
5-years were included. Studies had to provide quantitative outcomes for change in clini-
cal attachment level (CAL; primary outcome variable), tooth retention, change in pocket
probing depth (PPD) or radiographic vertical defect fill. Data from included studies were
pooled to estimate effect size.

Results: Thirty-eight citations met the inclusion criteria. Quantitative analysis showed a
mean gain in CAL of 3.47 mm (p<0.001; 95% Cl: 3.13; 3.82) after at least 5 years fol-
lowing therapy. Tooth retention rate was 92.8% (95% Cl: 0.91; 0.94) and 87.7% (95%
Cl: 0.83; 0.91) after at least 5 years and 10 years of follow-up, respectively. The pooled
data demonstrated a mean reduction of 4.06 mm in PPD (p<0.001; 95% Cl: 3.65; 4.48)
and a mean radiographic vertical defect fill of 3.69 mm (p<0.001; 95% Cl: 2.83; 4.55).

Conclusions: Periodontal regenerative procedures for the treatment of intrabony defects
result in long-term tooth retention, defect reduction, and lasting improvements in clinical
attachment level and pocket probing depth.

Keywords: Guided Tissue Regeneration, Meta-analysis, Periodontal
Attachment Loss, Periodontal Diseases, Tooth Loss, Treatment Outcome

Introduction

Periodontitis is characterized by microbial-associated
and host-mediated inflammation that results in the loss
of tooth-supporting structures (Tonetti ez al., 2018).
Untreated periodontitis results in further disease pro-
gression and ultimately the loss of dentition (Tonetti
¢t al., 2018). This is a dental public health concern as
approximately 11% of the world population suffers
from severe periodontitis (Kassebaum ez a/., 2014).
The goal of periodontal therapy is to prevent further
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progression of the disease, and if possible, regenerate
the previously lost periodontal tissues. Treatment of
periodontitis includes both non-surgical and surgical
approaches (Heitz-Mayfield and Lang, 2013). Although
periodontal health may be re-established using non-
surgical therapy (Heitz-Mayfield and Lang, 2013), this
treatment approach has its own limitations (Caffesse ez
al., 1986). It is well established that in the presence of
persistent inflammation and residual deep pockets after
non-surgical therapy, periodontal surgical therapy is the
subsequent intervention (Rateitschak-Pluss ez al., 1992).

Surgical periodontal treatment includes resective
and regenerative interventions. Resective treatment is a
periodontal surgical technique that involves periodontal
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debridement and resolution of osseous defects (Carnevale
and Kaldahl, 2000). A resective treatment approach may
prevent further progression of periodontal disease by
reducing probing depths and providing more hygienic
gingival tissue morphology. However, excessive tissue
recession during the surgery may lead to an open furcation,
esthetic concerns, and an increase of tooth mobility
(Carnevale and Kaldahl, 2000). In addition, resective
surgery does not result in periodontal regeneration and
re-establishment of the periodontal attachment apparatus.
Therefore, several treatment modalities have been
developed to achieve periodontal regeneration (Kao ez
al., 2015; Reynolds ¢z al., 2015; Wang ez al., 2005).

Regenerative procedures involve reconstruction of
cementum, periodontal ligament (PDL), and alveolar
bone around a tooth (Wang e al., 2005). Periodontal
regeneration can be accomplished by various bone re-
placement grafting materials, guided tissue regeneration
(GTR) with various barrier membranes, application of
biological factors, or any combinations of the above (Kao
¢t al., 2015; Reynolds ez al., 2015). Although a variety of
regenerative materials and techniques have been utilized
for periodontal regeneration, clinicians still face uncer-
tainty regarding the predictably and long-term success of
currently available periodontal regenerative modalities.

Previous meta-analysis and systematic reviews have
shown promising clinical outcomes for periodontal re-
generative approaches using various materials and tech-
niques (Figueira e al., 2014; Kao ¢t al., 2015; Trombelli e
al., 2002; Wu et al., 2017). However, the majority of the
studies that were analyzed in those systematic reviews
had short-term follow-ups (Figueira e al., 2014; Kao
et al., 2015; Trombelli et al., 2002; Wu et al., 2017). 1t is
crucial to assess the long-term success and predictability
of regeneration treatment by focusing on studies with
long-term follow-ups. Therefore, the objective of this
systematic review and meta-analysis was to assess the
long-term clinical, radiographic, and patient-centered
outcomes of periodontal regenerative approaches for the
treatment of intrabony periodontal defects after at least
5 years of follow up.

Materials and methods

The present systematic review and meta-analysis was con-
ducted according to Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) guidelines
(Moher et al., 2015). The study protocol was registered in
PROSPERO database (# CRD42019124626). The focus
question was defined as “What is the long-term efficacy
of periodontal regenerative procedures in adult human
subjects for the treatment of intrabony periodontal de-
fects after atleast 5 years of follow up in terms of clinical
outcomes, radiographic outcomes, and patient-centered
outcomes?”

Eligibility criteria

A Participants, Interventions, Comparators, Outcomes,
Time-frame (PICOT) framework was used utilizing these
elements: (1) Population: studies conducted in adult
human subjects presented with intra-bony periodontal
defects were included; (2) Intervention: included studies
had to have an intervention group consisting of patients
with one or multiple periodontal intra-bony defects
treated utilizing periodontal regenerative procedures such
as guided tissue regeneration, bone replacement grafts,
biological agents, or any combinations of the above; (3)
Comparator: studies with or without a comparator group
were included; (4) Outcome: all included studies had to
provide quantitative outcomes for at least one of the
following variables: tooth retention, changes in clinical
attachment level (CAL), changes in pocket probing depth
(PPD), radiographic vertical defect fill, or any patient-
centered outcomes; (5) Time-frame: all included studies
must have at least five years follow-up petiod.

All study designs with a comparison from baseline
were considered for inclusion in order to present all
existing evidence. For studies with multiple groups, only
groups where periodontal regenerative procedures had
been performed were included.

Exclusion criteria

The exclusion criteria were as follows: a) studies that
do not report baseline or follow-up data; b) studies
that did not fulfill the definitions for PICOT; ¢) studies
that included same patient population reporting same
outcome variable as other included studies; d) stud-
ies that included teeth with furcation defects without
reporting data independently for intrabony defects; €)
studies that did not clearly describe the experimental
methodology or outcome parameters; f) 7 vitro stud-
ies, animal studies, editorials, reviews, case reports, and
non-English citations.

Search strategy

The following clectronic databases were searched
from the start of the database through January 2019:
CINAHIL, EMBASE, PubMed, and Web of Science.
Details of the electronic search strategy are presented
in the supplementary Appendix. To expand the searches,
the tables of contents of the following scientific jour-
nals were searched from January 1990 to January 2019:
Journal of Dental Research, Journal of Periodontology, Journal
of Clinical Periodontology, Journal of Periodontal Research, and
International Journal of Periodontics and Restorative Dentistry.
In addition, the reference list of all included articles and
relevant narrative or systematic reviews were screened.

Study selection

Two investigators (K.N. and N.E.) independently re-
viewed the results of the systematic literature search.
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Disagreements regarding the inclusion of the studies
were resolved through discussion and consensus, and
consultation by a third author (S.B.).

Data extraction

Two investigators (K.N. and J. Sze) independently
reviewed and extracted data from the included studies
using a predetermined data extraction table. Details of
the methodology for data extraction are outlined in the
supplementary Appendix.

Quality assessment

Risk of bias assessment was performed for randomized
controlled trials using the Cochrane Collaboration’s re-
vised tool for assessing risk of bias in randomised trials
(RoB2) (Sterne ¢ al., 2019). These five domains were as-
sessed: randomization process, deviations from intended
interventions, missing outcome data, measurement of
the outcome, and selection of the reported result. Risk-
of-bias judgement for each domine rated as low risk of
bias, Some concerns, or high risk of bias. Then, overall
risk-of-bias judgement was determined according to the
Cochrane Handbook recommendations (Higgins ez 4/,
2019). Quality assessment for non-randomized studies
was performed using Newcastle-Ottawa Quality Assess-
ment Scale for Cohort studies (Wells ¢ a/, 2014). This
assessment tool appraises the methodological quality
of the studies based on three categories of Selection (4
items), Comparability (1 item), and Outcome (3 items).
Each citation can receive a maximum of one star for each
item within the Selection and Outcome categories, and
two stars for the Comparability category. Hence, each
included study could receive a maximum of nine stars.

Quantitative analysis

Quantitative analyses were done to pool the data for
each outcome variable. The primary outcome variable
was the mean changes in CAL. The secondary outcome
variables were tooth retention, mean changes in PPD,
and mean radiographic vertical defect fill. For the di-
chotomous outcome variable, the included studies had
to report the sample size and the number of events.
For continuous outcome variables, the sample size and
the mean and standard deviation values at baseline and
follow-up examinations had to be reported. All statistical
analyses were done using a software package (Compre-
hensive Meta-Analysis Software Version 3, Biostat Inc.,
Englewood, NJ, USA).

Data from the included studies were pooled to es-
timate the effect size. The planned summary measures
were event rate for dichotomous outcomes and weighted
mean differences and 95% confidence intervals (CI)
for continuous outcomes. Cochran-Q statistic and I?
statistic tests were performed to assess the heterogeneity
across studies. Random effect model was used when a

significant heterogeneity present across the studies, de-
termining by P value of <0.05 from Cochran-Q statistic
and I? value of > 25%. Otherwise, a fixed effect model
was used to pool data. Fixed effect model was used to
perform meta-analysis for the tooth retention variable.
Random effect model was used for mean changes in
CAL, mean changes in PPD, and mean radiographic
vertical defect fill due to the presence of significant
heterogeneity. Forest plots were produced to graphically
represent individual and combined effect sizes.

Subgroup analyses were also performed to compare
the outcomes of randomized clinical trials with those of
non-randomized studies. Sensitivity analyses were done
to assess the effects of the inclusion of non-randomized
studies on the outcomes of this study. The effect size
was estimated after excluding the studies with non-
randomized design. Potential publication bias for each
outcome variable was assessed using the funnel plots
and Begg and Mazumdar rank correlation test.

Results

Study Selection

A flow diagram of the literature search results is illus-
trated in Figure 1. The electronic and manual literature
search identified a total of 1,906 articles. 1,719 citations
were excluded after screening of titles and abstracts. The
full-text of the remaining 187 articles were reviewed,
and 38 articles met the inclusion criteria (Tables 1 and
2; studies 1-38).

Study Characteristics

Characteristics of the included studies are presented in
Table 1 and Table 2. Seventeen studies were randomized
clinical trials (studies 2, 5, 6,7, 12,13, 14, 15, 18, 19, 24,
25,206,27,30,31, 35), thirteen studies had a prospective
design (studies 1, 3, 8, 9, 11, 16, 17, 21, 22, 28, 29, 37,
38), and eight studies had a retrospective design (studies
4, 10, 20, 23, 32, 33, 34, 36). The majority of studies
were conducted in Europe, and in academic settings.
Sixteen studies were supported by non-industrial fund-
ing sources, (studies 1, 2, 5,7, 13, 14, 15, 20, 25, 26, 28,
31, 34, 35, 30, 38) eight studies were partially or com-
pletely supported by industrial funding sources (studies
6,9, 11, 12, 16, 18, 27, 33), and the other studies did
not report the funding sources. The follow-up period
of all included studies ranged from 5 years to 20 years.

Smoker subjects were included in eighteen studies
(studies 2, 5, 6, 7, 8, 15, 16, 17, 20, 21, 25, 26, 31, 33,
34, 35, 36, 37). The morphology of the treated defects
were reported in twenty three studies (studies 5, 9, 10,
11,14,15,16,17,18,19,21,22,23,24,25,26,27,28, 29,
30, 31, 33, 36), while the other studies did not provide
information on this variable.
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Figure 1. Study selection flow diagram.

Eight studies conducted periodontal regenerative
therapy using barrier membranes only (studies 1, 2, 3,
4,5,0,7,8), three studies used bone replacement grafts
only (studies 9, 10, 11), and seven studies used both bar-
rier membranes and bone replacement grafts (studies 12,
13, 14, 15, 16, 17, 18). Four studies applied biological
factors only (studies 19, 20, 21, 22), three studies used
barrier membranes and biological factors (studies 23, 24,
25), four studies used bone replacement grafts and bio-
logical factors (studies 26, 27, 28, 29), and three studies
used barrier membranes, bone replacement grafts, and

biological factors (studies 30, 31, 32). The remaining six
studies were conducted using combination periodontal
regenerative therapies (studies 33, 34, 35, 36, 37, 38).

Administration of prophylactic antibiotics prior to
regenerative therapy was reported in seven studies (stud-
ies 4,7, 8,17, 18, 31, 37). Primary wound closure was
achieved in twenty-two studies (studies 1, 2, 3, 4, 5, 6,
7,8,9,11,13,17, 18, 20, 22, 24, 25, 30, 31, 32, 306, 37),
while the remaining studies did not report information
on primary closure achievement. Maintenance protocol
was reported in all included studies.
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Quality assessment

The results of quality assessment for the included stud-
ies are presented in Table 3, Table 4, and the Appendix.

Quantitative Analyses

Meta-analyses were possible to perform for the fol-
lowing outcome variables: tooth retention (37 studies),
changes in CAL (primary outcome vatiable; 33 studies),
changes in PPD (34 studies), and radiographic vertical
defect fill (12 studies). No study report data on patient-
centered outcomes.

Tooth retention

Tooth retention data was reported in 37 studies with
55 periodontal regenerative treatment groups. In total,
periodontal regeneration procedures were performed
for 2565 teeth with intrabony defects in 1492 patients
at the baseline. After a minimum of 5 years follow-up
period, 1747 teeth were re-evaluated. 1665 teeth that
were treated with periodontal regeneration procedures

wete retained, while 82 teeth were extracted. Quantita-
tive analysis revealed a tooth retention rate of 92.8% for
periodontal regenerative procedures after at least 5 years
follow-up (Figure 2A; Event rate=0.928; 95%CI=0.91-
0.94; heterogeneity 12<0.001%; 1<0.001; fixed model).

The effect of the study design on the 5-year tooth
retention outcomes was assessed in the sub-group
analysis. 17 randomized clinical trials with 32 periodontal
regenerative treatment groups and 20 non-randomized
studies with 23 treatment groups were compared. The
subgroup analysis demonstrated that tooth retention
rate was 90.8% for randomized clinical trials (Appendix
Figure 1; Event rate=0.908; 95%CI=0.87-0.93) and
93.6% tor non-randomized studies (Appendix Figure 2;
Event rate=0.936; 95%CI1=0.92-0.95). This difference
was not statistically significant between randomized
clinical studies and non-randomized studies (p=0.082).

Eleven studies with 19 periodontal regenerative
treatment groups provide the data on tooth retention
after at least 10 years of follow-up. In these studies,

Table 3. Summary of risk of bias assessment for the included randomized controlled studies using Cochrane

Collaboration’s tool for assessing risk of bias.

Deviations Measurement Selection Overall risk
Study Randomisation from Intended Missing Data of reported .
. . of outcome of Bias
interventions result
Some Some
Bhutda et al. 2013 low low low low
concerns concerns
Ceteinkaya et al. 2014 low low low low low low
Cieplik et al. 2018 low low low low low low
Cortellini et al. 2011 low low low Some low Some
concerns concerns
Cortellini et al. 2017 low low low low low low
Dori et al. 2013a low low low low low low
Dori et al. 2013b low low low low low low
Mengel et al. 2006 low low low low low low
. S S
Nickles et al. 2009 Some concerns low low ome low ome
concerns concerns
N - .
ygaard-Ostby et al low low low low low low
2010
- m
Orsini et al. 2008 low low low Some low Some
concerns concerns
Pretzl et al. 2008 low low low Some low Some
concerns concerns
Pretzl et al. 2009 low low low low low low
Sculean et al. 2006 Some concerns low low low low Some
concerns
Sculean et al. 2007a low low low low low low
Sculean et al. 2008b low low low low low low
Stavropoulos et al.
low low low low low low

2010
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Table 4. Summary of the quality assessment for the included non-randomized controlled studies using

Newcastle-Ottawa quality assessment scale

Studies Selection Comparability Outcome Total
Item1 Item2 Item3 Item4 Item 1 Item1 Item2 Item3 M(ax)
Broseler et al. 2017 * * * * 5
Cortellini et al. 1999 * * o * * 7
Cortellini et al. 2004 * * o * * * 8
De Bruyckere et al. 2018 * * o * * 7
De Sanctis et al. 2013 * * * * * 6
Eickholz et al. 2002 * * * * 5
Eickholz et al. 2007 * * * * * 6
Farina et al. 2007 * * * * * 6
Heden et al. 2006 * * * * 5
Mitani et al. 2015 * * ok * * * 8
Nickles et al. 2017 * * o * * * 8
Okuda et al. 2013 * * o * * 7
Persson et al. 2000 * * * * * 6
Roccuzzo et al. 2018 * * ¥ * * 7
Sculean et al. 2007b * * o * * * 8
Sculean et al. 2008a * * o * * * 8
Silvestri et al. 2011 * * o * * 7
Slotte et al. 2007 * * * * * 6
Stavropoulos et al. 2004 * * * * * * 7
Stavropoulos et al. 2005 * * * * * 6
Yukna et al. 1998 * * * * * 6

606 teeth with intrabody defects in 511 subjects were
treated using periodontal regeneration procedures. After
at least 10 years follow-up, 351 teeth were re-examined.
317 teeth were retained, while 34 teeth were lost.
Quantitative analysis revealed a tooth retention rate of
87.7% after at least a 10 years follow-up period (Figure
2B; Event rate=0.877; 95%CI=0.83-0.91; heterogene-
ity I<0.001%; 1<0.001; fixed model). The subgroup
analysis found that the tooth retention rate in eight ran-
domized clinical trials with 16 periodontal regenerative
treatment groups was 88.2% (Appendix Figure 3; Event
rate=0.882; 95%CI=0.83-0.92). The tooth retention rate
for three included non-randomized studies was 86.9%
(Appendix Figure 4; Event rate=0.869; 95%CI=0.80-
0.92). The sub-group analysis found no significant dif-
ferences for this variable between randomized clinical
trials and non-randomized studies (p=0.729).

Changes in clinical attachment level (Primary
outcome variable)

Data on the mean changes in CAL (Primary outcome
variable) were reported in 33 articles with 51 periodontal

regenerative treatment groups. A total of 1131 teeth
with intrabony defects were treated with periodontal
regenerative procedures at baseline, and 1075 teeth were
examined after at least 5 years of follow-up. The meta-
analysis revealed that the CAL significantly increased
after at least 5 years of follow-up compared to the
baseline (p<0.001). The weighted mean gain in CAL
was 3.47 mm (Figure 3; 95%CI=3.13-3.82; heterogeneity
12=83.25%; t=1.09; random effect model).

The sub-group analysis was performed to assess
the effect of the study design on the outcome of the
analysis for changes in CAL. Seventeen randomized
clinical trials with 32 periodontal regenerative treatment
groups and 16 non-randomized studies with 19 treat-
ment groups were compared. The subgroup analysis
demonstrated that weighted mean gain in CAL was 3.28
mm for randomized clinical trials (Appendix Figure 5;
p<0.001; 95%CI=2.88-3.68), and it was 3.76 mm for
non-randomized studies (Appendix Figure 6; p<0.001;
95%CI1=3.24-4.27). No statistically significant differ-
ences were found for this variable between randomized
clinical trials and non-randomized studies (p=0.154).
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Study name Statistics for each study
Event Lower Upper

rate limit  limit Total
Bhutda et al. 2013 0969 0.650 0998 15/15
Broseler et al. 2017 0933 0.905 00954 378/405
Ceteinkayaetal. 2014 G1 0958 0575 0997 11/11
Ceteinkayaet al. 2014 G2 0.958 0575 0.997 11/ 11
Cieplik et al. 2018 G1 0.864 0.652 0955 19/22
Cieplik et al. 2018 G2 0818 0.604 0930 18/22
Cortellini et al. 1999 0958 0575 0997 11/ M1
Cortellini et al. 2004 0975 0935 0991 155/ 159
Cortellini et al. 2011 0920 0731 0980 23/25
Cortellini et al. 2017 G1 0967 0.634 0998 14/14
Cortellini et al. 2017 G2 0964 0616 0998 13/13
De Bruyckere et al. 2018 0993 0899 1000 71/71
De Sanctis et al. 2013 G1 0990 0.854 0999 47/47
De Sanctis et al. 2013 G2 0986 0.809 0999 34/34
De Sanctis et al. 2013 G3 0991 0.875 0999 56/56
Dori et al. 2013A G1 0958 0575 0997 11/ M1
Dori et al. 2013A G2 0958 0575 0997 11/ M
Dori et al. 2013B G1 0962 0597 0998 12/12
Dori et al. 2013B G2 0962 0597 0998 12/12
Eickholz et al. 2002 0971 0664 0998 16/16
Eickholz et al. 2007 0962 0.859 0990 50/52
Farina et al. 2007 0929 0423 09% 6/6
Heden et al. 2006 0.864 0.790 0915 102/ 118
Mengel et al. 2006 G1 0978 0732 0999 22/22
Mengel et al. 2006 G2 0976 0713 0999 20/20
Mitani et al. 2015 G1 0969 0.650 0998 15/15
Mitani et al. 2015 G2 0964 0.616 0998 13/13
Nickles et al. 2009 0818 0.604 0930 18/22
Nickles et al. 2017 0988 0836 099 41/4
Nygaard-Ostby et al. 2010 G10.867 0.595 0966 13/15
Nygaard-Ostby et al. 2010 G20.929 0.630 0990 13/14
Okuda et al. 2013 0978 0732 0999 22/22
Orsini et al. 2008 G1 0962 0597 0998 12/12
Orsini et al. 2008 G2 0962 0597 0998 12/12
Persson et al. 2000 0972 0678 0998 17/17
Pretd et al. 2008 G1 0875 0463 0983 7/8
Pretzl et al. 2008 G2 0.889 0500 098 8/9
Pretz et al. 2009 G1 0.818 0493 09 9/M
Pretd et al. 2009 G2 0958 0575 0997 11/ M
Roccuzzo et al. 2018 0972 0827 09% 35/36
Sculean et al. 2006 G1 0955 0.552 0997 10/10
Sculean et al. 2006 G2 0955 0552 0997 10/10
Sculean et al. 2007A 0955 0552 0997 10/10
Sculean et al. 2007B 0981 0764 099 26/26
Sculean et al. 2008A 0958 0575 0997 11/ M1
Sculean et al. 2008B G1 0955 0552 0997 10/10
Sculean et al. 2008B G2 0955 0552 0997 10/10
Sculean et al. 2008B G3 0950 0525 0997 9/9
Silvestri et al. 2011 0958 0.8%4 0984 92/9%
Slotte et al. 2007 0980 0.749 0999 24/24
Stavropoulos et al. 2004 0.893 0716 0965 25/28
Stavropoulos et al. 2005 0846 0549 0961 11/13
Stavropoulos et al. 201061 0.962 0.597 0998 12/12
Stavropoulos et al. 2010 G2 0.909 0561 0.987 10/ 1
Stavropoulos et al. 2010G3 0846 0549 0961 11/13

0928 0913 09

-1.00

Event rate and 95% CI
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Figure 2A. Forest plot for tooth retention after at least 5 years following periodontal regenerative procedures

Changes in pocket probing depth

Thirty-four included studies with 52 periodontal regenera-
tive treatment groups reported the PPD measurements.
In total, 2055 teeth with intrabony defects received
periodontal regenerative treatment at baseline, and 1397
teeth were assessed after at least 5 years. The pooled data
demonstrated a mean reduction of 4.06 mm in PPD after
a minimum of five years following periodontal regenera-
tive procedures (Figure 4A; p<0.001; 95%CI=3.65-4.48;
heterogeneity I°=93.69%; t=1.43; random effect model).

The quantitative data on PPD was reported in 17
randomized clinical trials with 32 regenerative treatment
groups and in 17 non-randomized studies with 20 groups.
Sub-group analysis revealed that there were no statistically
significant differences in PPD between the two study
designs (p=0.711). The weighted mean reduction in PPD
was found to be 4.0 mm for randomized clinical studies
(Appendix Figure 7; p<0.001; 95%CI=3.54-4.46) and
4.16 mm for non-randomized studies (Appendix Figure
8; p<0.001; 95%CI=3.44-4.88).



194 Journal of the International Academy of Periodontology (2021) 23/3

Study name
Event Lower Upper

rate limit limit  Total
Cieplik et al. 2018 G1 0.86 0.65 0.96 19/22
Cieplik et al. 2018 G2 0.82 0.60 0.93 18/ 22
Cortellini et al. 2004 0.87 0.74 0.94 41/ 47
Cortellini et al. 2017 G1 0.97 0.63 1.00 14/14
Cortellini et al. 2017 G2 0.96 0.62 1.00 13/13
Dori et al. 2013A G1 0.96 0.58 1.00 11/ 11
Dori et al. 2013A G2 0.96 0.58 1.00 11/ 11
Nickles et al. 2009 0.82 0.60 0.93 18/ 22
Nygaard-Ostby et al. 2010 G1 0.87 0.59 0.97 13/15
Nygaard-Ostby etal. 2010 G2~ 0.93 0.63 099 13/14
Pretzl et al. 2008 G1 0.88 0.46 098 7/8
Pretzl et al. 2008 G2 0.89 0.50 098 8/9
Pretzl et al. 2009 G1 0.82 0.49 0.95 9/11
Pretzl et al. 2009 G2 0.96 0.58 1.00 11/ 11
Roccuzzo et al. 2018 0.97 0.83 1.00 35/ 36
Sculean et al. 2008B G1 0.95 0.55 1.00 10/ 10
Sculean et al. 2008B G2 0.95 0.55 1.00 10/10
Sculean et al. 2008B G3 0.95 0.53 1.00 9/9
Silvestri et al. 2011 0.84 0.72 0.91 47 /56

0.88 0.83 0.91

Event rate and 95% CI

Relative
weight
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15.96
1.47
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Figure 2B. Forest plot for tooth retention after at least 10 years following periodontal regenerative procedures

Radiographic vertical defect fill

The quantitative data for radiographic vertical defect fill
was reported in 12 studies with 16 periodontal regenera-
tive treatment groups. These studies included a total of
1337 teeth with intrabony defects at baseline that were
treated using periodontal regenerative modalities. After a
minimum of 5 years follow-up period, 544 teeth were re-
examined. The quantitative analysis found a mean vertical
defect fill of 3.69 mm in intrabony defects treated with
periodontal regenerative procedures after at least 5 years
post-operatively (Figure 4B; p<0.001; 95%CI=2.83-4.55;
heterogeneity I°=91.33%; 1=1.49; random effect model).

Among the included studies for this analysis, five were
randomized clinical trials with nine periodontal regenera-
tive treatment groups, and seven were non-randomized
studies with seven treatment groups. No statistically sig-
nificant differences in radiographic vertical defect fill were
found between the two study designs (p=0.647). After at
least 5 years follow-up period, the weighted mean radio-
graphic defect fill was 3.85 mm for randomized clinical
trials (Appendix Figure 9; p<<0.001; 95%CI=1.83-5.87)
nttand 3.33 mm for non-randomized studies (Appendix
Figure 10; p< 0.001; 95%CI=2.36-4.29).

Sensitivity analysis and publication bias

The results of sensitivity analyses showed that excluding
retrospective and prospective non-randomized studies
did not substantially change the estimates of effect to
the extent that affect the study conclusions (Appendix
1). The results of publication bias assessment are pre-
sented in the Appendix.

Discussion

The present study evaluated the long-term outcomes
of periodontal regeneration procedures after at least
5 years following the intervention. Several systematic
reviews and meta-analyses have assessed the efficacy
of periodontal regenerative procedures by including the
studies with varying follow-up durations (Trombelli ez
al., 2002; Wu et al., 2017).

A meta-analysis assessing the long-term efficacy of
periodontal regenerative procedures by including stud-
ies with a minimum follow-up period of six months
(Wu et al., 2017). They found that the CAL gain and
PPD reduction achieved after periodontal regenerative
procedures can be maintained up to 5-10 years, which
supports the findings of the present study. However,
they reported that the confidence intervals for these
variables increased with the length of follow-up period
due to the limited number of included studies with re-
ported long-term results. It should be noted that only 5
out of 52 included studies had at least 5-year follow-up
period. All those five studies are also included in the
present meta-analysis (Bhutda and Deo, 2013; Nickles
et al., 2009; Sculean e al., 2008b; Sculean ¢f al., 2007a;
Sculean ez al., 2006). Another systematic review pub-
lished by Trombelli and colleagues in 2002 evaluated the
short-term and long-term clinical and patient-centered
outcomes of periodontal regenerative therapy for the
treatment of intrabony periodontal defects (Trombelli
¢t al., 2002). The long-term outcomes were considered
those that measured more than 12 months following
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Study name Statistics for each study Sample size
Difference Lower Upper
in means  limit limit p-Value Baseline Follow-up
Bhutda et al. 2013 318 227 4.09 0.00 15 15
Ceteinkaya et al. 2014 G1 2.36 1.20 3.52 0.00 11 11
Ceteinkaya et al. 2014 G2 2.64 161 3.67 0.00 11 11
Cieplik et al. 2018 G1 467 3.8 6.16 0.00 15 15
Cieplik et al. 2018 G2 300 059 5.41 0.01 156 15
Cortellini et al. 1999 500 321 6.79 0.00 16 11
Cortellini et al. 2011 820 698 9.42 0.00 25 23
Cortellini et al. 2017 G1 5.00 3.04 6.96 0.00 15 14
Cortellini et al. 2017 G2 3.60 1.92 528 0.00 15 13
De Bruyckere et al. 2018 3.00 215 3.85 0.00 84 Al
De Sanctis etal. 2013 G1 490 443 5.37 0.00 47 47
De Sanctis etal. 2013 G2 4.30 3.73 4.87 0.00 34 34
De Sanctis etal. 2013 G3 540 503 577 0.00 56 56
Dori etal. 2013A G1 3.10 2.00 4.20 0.00 1 "
Dori etal. 2013A G2 3.00 1.74 4.26 0.00 11 11
Dori etal. 2013B G1 4.30 3.06 5.54 0.00 12 12
Dori etal. 2013B G2 430 305 5.55 0.00 12 12
Eickholz et al. 2007 297 247 377 0.00 50 50
Farina etal. 2007 260 1.71 3.49 0.00 6 6
Heden et al. 2006 530 441 6.19 0.00 102 102
Mengel et al. 2006 G1 3.00 1.82 4.18 0.00 22 22
Mengel et al. 2006 G2 350 205 4.95 0.00 20 20
Mitani et al. 2015 G1 2.60 0.70 4.50 0.01 15 15
Mitani et al. 2015 G2 270 1.27 4.13 0.00 13 13
Nickles et al. 2009 2.89 1.99 3.79 0.00 18 18
Nickles et al. 2017 320 232 4.08 0.00 41 41
Nygaard-Ostby et al. 2010 G1 220 1.66 274 0.00 13 13
Nygaard-Ostby et al. 2010 G2 380 329 431 0.00 13 13
Okuda et al. 2013 3.40 263 417 0.00 22 22
Orsini et al. 2008 G1 240 1.32 3.48 0.00 12 12
Orsini et al. 2008 G2 260 1.55 365 0.00 12 12
Pretzl et al. 2008 G1 200 015 3.85 0.03 8 7
Pretzl et al. 2008 G2 3.50 1.98 502 0.00 8 8
Pretzl et al. 2009 G1 244 042 4.46 0.02 9 9
Pretzl et al. 2009 G2 245 071 4.19 0.01 9 9
Sculean et al. 2006 G1 2.80 1.56 4.04 0.00 10 10
Sculean et al. 2006 G2 290 1.80 4.00 0.00 10 10
Sculean et al. 2007A 3.70 242 4.98 0.00 10 10
Sculean et al. 2007B 3.00 1.85 4.15 0.00 26 26
Sculean et al. 2008A 4.60 2.88 6.32 0.00 1 1"
Sculean et al. 2008B G1 290 1.58 422 0.00 10 10
Sculean et al. 2008B G2 2.80 1.56 4.04 0.00 10 10
Sculean et al. 2008B G3 2.90 1.70 4.10 0.00 9 9
Silvestri et al. 2011 440 385 4.95 0.00 120 92
Slotte et al. 2007 430 291 5.69 0.00 24 24
Stavropoulos et al. 2004 3.60 265 4.55 0.00 25 25
Stavropoulos et al. 2005 3.90 287 513 0.00 15 11
Stavropoulos etal. 2010 G1 240 0.34 446 0.02 12 12
Stavropoulos etal. 2010 G2 2.30 0.39 4.21 0.02 10 10
Stavropoulos et al. 2010 G3 4.10 2.46 5.74 0.00 11 11
Yukna etal. 1998 1.70 0.71 2.69 0.00 20 20

347 313 3.82 0.00
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Figure 3. Forest plots for the mean changes in clinical attachment level (primary outcome variable) after at
least 5 years following periodontal regenerative procedures

the intervention. Only two studies met their inclusion
criteria for the long-term outcomes, both of which had
less than five-years of follow-up. Therefore, the authors
could not perform any meta-analysis for the long-term
outcomes of these procedures. In addition, they found
no data on the patient-centered outcomes (Trombelli
¢t al., 2002). The present study was performed eighteen
years after the above-mentioned systematic review.
However, still, no study was found to report data on
patient-centered outcomes.

The results of the present systematic review support
the long-term efficacy of periodontal regenerative
procedures for the treatment of intrabony periodontal
defects. The goal of the present study was not to
compare the periodontal regenerative therapy to any
other treatment modalities. Rather, the goal was to
provide clinicians quantitative data of the long-term (=5
years) efficacy of periodontal regenerative procedures
for the treatment of periodontal intrabony defects.

This quantitative data can benefit clinicians by having
long-term predictability prior to initiating the surgical
procedure and enabling them to anticipate the long-term
clinical outcomes. We found that on average clinicians
can expect a tooth retention rate of 92.8 % after at least
5 years and 87.7% after at least 10 years after performing
periodontal regenerative therapy for intrabony defects.
In addition, we can expect on average 3.47 mm gain
in CAL, 4.06 mm reduction in PPD, and 3.69 mm of
radiographic vertical defect fill after a minimum of 5
years following periodontal regenerative therapy.

This information can be valuable for the treatment
planning of teeth with periodontal intrabody defects,
particularly in the clinical situations where a decision
needs to be made regarding saving a tooth with a ques-
tionable prognosis with periodontal regenerative therapy
or performing tooth extraction and implant therapy.
The 5-year and 10-year tooth retention rates that were
reported in the present studies are comparable with
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Study name Statistics for each study Sample size
Difference Lower Upper
in means limit limit p-Value Baseline Follow-up
Bhutda et al. 2013 3.84 3.21 4.47 0.00 15 15
Broseler et al. 2017 2.28 2.05 2.51 0.00 1008 378
Ceteinkaya et al. 2014 G1 2.91 2.19 363 0.00 11 11
Ceteinkaya et al. 2014 G2 3.39 2.54 4.24 0.00 11 11
Cieplik et al. 2018 G1 5.00 3.69 6.31 0.00 15 15
Cieplik et al. 2018 G2 5.00 3.69 6.31 0.00 15 15
Cortellini etal. 1999 5.53 4.21 6.85 0.00 16 11
Cortellini etal. 2011 9.30 8.19 10.41 0.00 25 23
Cortellini etal. 2017 G1 5.40 4.01 6.79 0.00 15 14
Cortellini etal. 2017 G2 4.60 3.25 595 0.00 15 13
De Bruyckere et al. 2018 3.30 2.63 3.97 0.00 84 71
De Sanctis et al. 2013 G1 6.50 6.07 6.93 0.00 47 47
De Sanctis et al. 2013 G2 5.20 467 573 0.00 34 34
De Sanctis et al. 2013 G3 5.90 553 6.27 0.00 56 56
Dori et al. 2013A G1 3.90 3.01 4.79 0.00 i 1
Dori et al. 2013A G2 4.00 3.02 4.98 0.00 11 11
Dori et al. 2013B G1 4.90 3.75 6.05 0.00 12 12
Dori et al. 2013B G2 5.00 3.65 6.35 0.00 12 12
Eickholz et al. 2007 3.95 3.32 4.58 0.00 50 50
Farina et al. 2007 3.20 2.66 374 0.00 6 6
Heden et al. 2006 5.20 4.38 6.02 0.00 102 102
Mengel et al. 2006 G1 3.60 2.74 4.46 0.00 22 22
Mengel et al. 2006 G2 3.30 2.44 4.16 0.00 20 20
Mitani et al. 2015 G1 1.80 0.79 2.81 0.00 15 15
Mitani et al. 2015 G2 2.40 1.28 3.52 0.00 13 13
Nickles et al. 2009 4.25 3.15 5.35 0.00 18 18
Nickles et al. 2017 3.20 2.57 3.83 0.00 41 41
Nygaard-Ostby et al. 2010 G1  1.30 0.71 1.89 0.00 13 13
Nygaard-Ostby et al. 2010 G2 4.00 3.38 4.62 0.00 13 13
Okuda et al 2013 4.70 4.10 5.30 0.00 22 22
Orsini et al. 2008 G1 4.30 3.34 526 0.00 12 12
Orsini et al. 2008 G2 3.30 246 4.14 0.00 12 12
Pretzl et al. 2008 G1 2.70 0.88 4.52 0.00 8 7
Pretzl et al. 2008 G2 4.20 259 5.81 0.00 8 8
Pretzl et al. 2009 G1 3.16 0.98 534 0.00 9 9
Pretzl et al. 2009 G2 3.16 1.64 4.68 0.00 9 9
Roccuzzo et al. 2018 3.20 2.67 3.73 0.00 36 36
Sculean et al. 2006 G1 3.40 2.54 4.26 0.00 10 10
Sculean et al. 2006 G2 3.70 2.91 449 0.00 10 10
Sculean et al. 2007A 4.80 3.96 564 0.00 10 10
Sculean et al. 2007B 3.90 3.10 470 0.00 26 26
Sculean et al. 2008A 6.30 4.69 791 0.00 11 11
Sculean et al. 2008B G1 3.60 224 4.96 0.00 10 10
Sculean et al. 2008B G2 3.40 2.18 462 0.00 10 10
Sculean et al. 2008B G3 3.50 225 475 0.00 9 9
Slotte et al. 2007 5.30 3.93 6.67 0.00 24 24
Stavropoulos et al. 2004 4.00 3.33 4.67 0.00 25 25
Stavropoulos et al. 2005 4.60 3.71 549 0.00 15 11
Stavropoulos et al. 2010 G1 3.00 1.56 4.44 0.00 12 12
Stavropoulos et al. 2010 G2 3.60 2.54 4.66 0.00 10 10
Stavropoulos et al. 2010 G3 4.70 3.70 5.70 0.00 11 11
Yukna et al. 1998 3.10 2.08 412 0.00 20 20
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Figure 4A. Forest plots for the mean changes in pocket probing depth after at least 5 years following

periodontal regenerative procedures

5-year and 10-year implant survival rates reported in the
literature (Da Silva ¢z al., 2014; Karoussis e/ al., 2003).
Hence, preserving the natural dentition with the aid of
periodontal regenerative therapy might be a more suit-
able option in such conditions based on lower number
of required surgical interventions, shorter overall treat-
ment course, and the lack of mechanical and biologi-
cal complications that are associated with the implant
therapy. Still, future clinical trials are needed to directly
compare the long-term outcomes of periodontal regen-
erative therapy with those of implant therapy.

It should be also mentioned that all included studies
in this systematic review reported that patients received
periodontal supportive therapy following periodontal
regenerative procedures. Therefore, the imperative
role of periodontal maintenance following periodontal

regenerative therapy on the treatment outcomes should
not be overlooked.

It is important to highlight that all study designs
with a comparison from baseline were considered
for inclusion in this systematic review. Inclusion of
non-randomized studies might be considered as a
limitation of the present systematic review. However,
the sensitivity analysis demonstrated that exclusion of
non-randomized studies did not substantially affect
the pooled analyses. Furthermore, other limitations
of the present systematic review are the lack of
inclusion of gray literature and non-English citations.
In addition, the effect of the defect type on the long-
term outcomes of periodontal regeneration procedures
was not assessed since the quantitative data for each
defect type was not reported in the majority of the
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Study name Statistics for each study Sample size Difference in means and 95% CI
Difference Lower Upper Relative
in means limit limit p-Value Baseline Follow-up weight
Bhutda et al. 2013 3.200 2.753 3.647 0.000 15 15 . 8.45
Broseler et al. 2017 4120 3.801 4.439 0.000 1008 226 . 8.54
Ceteinkaya et al. 2014 G1 3.460 1.848 5.072 0.000 11 11 —— 6.62
Ceteinkaya et al. 2014 G2 3.000 1.189 4.811 0.001 11 11 —— 6.24
Cortellini et al. 2011 9.300 8.230 10.370 0.000 25 23 - 7.62
Eickholz et al. 2007 1.790 0.774 2.806 0.001 48 46 - 7.71
Heden et al. 2006 3300 2227 4373  0.000 102 102 - 7.61
Okuda et al. 2013 4400 3.933 4.867 0.000 22 22 [ | 8.43
Persson et al. 2000 0400 -0.781 1581 0507 24 17 —- 7.43
Pretzl et al. 2009 G1 1700 -1.280 4680  0.264 8 8 -1 4.23
Pretzl et al. 2009 G2 1150 -2.295 4.585 0.513 8 8 —_— 3.61
Slotte et al. 2007 4800 2.951 6.649 0.000 24 24 —— 6.17
Stavropoulos et al. 2005 5200 2.860 7.540 0.000 10 8 —_—G— 5.26
Stavropoulos et al. 2010 G1 3.640 1.185 6.095 0.004 8 8 ——t— 5.06
Stavropoulos etal. 2010 G2 3.730 0.234 7.226 0.036 8 8 s o ] 3.55
Stavropoulos etal. 2010 G3 4410 0.845 7.975 0.015 7 7 —— 3.47
3.690 2.832 4548 0.000 ’
-11.00 -5.50 0.00 5.50 11.00
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Figure 4B. Forest plots for the mean radiographic vertical defect fill after at least 5 years following

periodontal regenerative procedures

included studies. Furthermore, different periodontal
regeneration procedures were not compared in the
present study because they were performed in different
clinical settings. Future network-meta analyses are
recommended to compare the long-term outcomes of
various periodontal regeneration treatment modalities.

Patient-centered outcomes have become an indis-
pensable component of quality health care. No study
was found to report data on long-term patient-centered
outcomes for periodontal regenerative procedures. Thus,
future studies are required to assess the long-term patient-
centered outcomes of periodontal regenerative therapy.

Conclusions

The current evidence supports the long-term clinical
efficacy of periodontal regeneration therapy for the
treatment of intrabony periodontal defects. The present
systematic review and meta-analysis found that peri-
odontal regenerative therapy results in the long-term
tooth retention, defect reduction, and lasting improve-
ments in clinical attachment level and pocket probing
depth. Future clinical trials are needed to assess the
long-term patient-centered outcomes of periodontal
regeneration procedures.
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Appendix

Methods

Search strategy

Electronic search was conducted using the following

search strategies:

Database

Search Strategy

PubMed

CINAHL

((“Periodontitis”[Mesh] OR “Periodontal Atrophy”[Mesh] OR “Periodontal Ligament” [Mesh]
OR “Periodontics”[Mesh] OR “Furcation Defects”[Mesh] OR “Periodontal Diseases” [Mesh]
OR “intrabony defect”[tw] OR “periodontal disease” [tw]) AND (“Humans”[Mesh] OR
“Adult”[Mesh] OR “Aged”[Mesh] OR “Aged, 80 and over”[Meshl)) AND (“Biological
Factors”[Mesh] OR “Bone Transplantation”[Mesh] OR “Bone Regeneration”[Mesh] OR “Bone
Substitutes” [Mesh] OR “Autografts”[Mesh] OR “Heterografts” [Mesh] OR “Allografts” [Mesh]
OR “Apatites”[Mesh] OR “enamel matrix proteins” [Supplementary Concept] OR “Platelet-
Derived Growth Factor”[Mesh] OR “Bone Morphogenetic Proteins”[Mesh] OR “Transforming
Growth Factors”[Mesh] OR “Fibroblast Growth Factors”[Mesh] OR “Platelet-Rich
Plasma”[Mesh] OR “Platelet-Rich Fibrin”[Mesh] OR “Parathyroid Hormone”[Mesh] OR
“Membranes, Artificial”[Mesh] OR “Wound Closure Techniques”[Mesh] OR “Guided Tissue
Regeneration”[Mesh] OR “Guided Tissue Regeneration, Periodontal”[Mesh] OR “Surgical
Flaps”[Mesh] OR “Tissue Engineering”[Mesh] OR “GEM 21S”[Supplementary Concept]

OR “enamel matrix proteins”[tw] OR “GTR”[tw] OR “enamel matrix derivative”[tw])) AND
(“Periodontal Pocket”[Mesh] OR “Periodontal Attachment Loss” [Mesh] OR “Alveolar Bone
Loss”[Mesh] OR “Periodontal Index”[Mesh] OR “Treatment Outcome” [Mesh] OR “probing
depth”[tw] OR “pocket depth”[tw] OR “attachment level”[tw] OR “bone fill”[tw] OR

“bone gain”[tw] OR “defect fill”[tw]) AND (“Longitudinal Studies”[Mesh] OR “Prospective
Studies” [Mesh] OR “Long Term Adverse Effects”[Mesh] OR “Long-Term Care” [Mesh]
OR”Long-Term Care”[Mesh] OR “long term follow up”[tw] OR “long term”[tw] OR
“years”[tw]) AND English[lang]

(MH “Furcation Defects” OR MH “Periodontal Diseases” OR MH “Periodontitis” OR MH
“Periodontal Atrophy” OR MH “Periodontal Ligament” OR MH “Periodontics” OR TX
“intrabony defect” OR TX “periodontal disease”) AND (MH “Human” OR MH “Adult” OR
MH “Aged” OR MH “Aged, 80 and over”[Mesh] OR MH “dental care for the aged”) AND
MH “Biological Factors” OR MH “Tissue Scaffolds” OR MH “Bone Transplantation” OR MH
“Bone Regeneration” OR MH “Bone Substitutes” OR MH “Autografts” OR MH “Allografts”
OR MH “Platelet-Derived Growth Factor” OR MH “Bone Morphogenetic Proteins” OR

MH “Platelet-Rich Plasma” OR MH “Platelet-Rich Fibrin” OR MH “Parathyroid Hormones”
OR MH “Membranes, Artificial” OR MH “Guided Tissue Regeneration” OR MH “Surgical
Flaps” OR MH “Tissue Engineering” OR TX “Regenerative Medicine” OR TX “Heterografts”
OR TX “Apatites” OR TX “dental enamel proteins” OR TX “enamel matrix proteins” OR TX
“Transforming growth factors” OR TX “Fibroblast Growth Factors” OR TX “Wound closure
techniques” OR TX “periodontal guided tissue regeneration” OR TX “Gem 21s” OR TX “GTR”
OR TX “enamel matrix derivative” AND (MH “Periodontal Pocket” OR MH “Periodontal
Attachment Loss” OR MH “Alveolar Bone Loss” OR MH “Treatment Outcomes” OR MH
“Outcome Assessment” OR TX “periodontal index” OR TX “probing depth” OR TX “pocket
depth” OR TX “attachment level” OR TX “bone fill” OR TX “bone gain” OR TX “defect fill”)
AND (Prospective Studies” OR MH “Treatment Complications, Delayed” OR MH “Long
Term Care” TX “longitudinal studies” OR TX “longitudinal study” OR TX “long terms adverse
effects” OR TX “long term follow up” OR TX “years” OR TX “long term”)

Continued overleaf...
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Embase

(‘periodontitis’/exp OR ‘periodontitis” OR ‘periodontal ligament’/exp OR ‘periodontal

ligament’” OR ‘periodontics’/exp OR ‘periodontics’ OR ‘furcation defects’/exp OR ‘furcation
defects’ OR ‘periodontal atrophy’/exp OR ‘periodontal atrophy” OR ‘intrabony defect’ OR
‘periodontal disease’/exp OR ‘periodontal disease” AND ‘human’/exp OR ‘adult’/exp OR
‘very elderly’/exp OR ‘aged’/exp) AND (‘biological factor’/exp OR ‘tissue scaffold’/exp OR
‘regenerative medicine’/exp OR ‘bone transplantation’/exp OR ‘bone regeneration’/exp OR
‘bone prosthesis’/exp OR ‘autograft’/exp OR ‘xenograft’/exp OR ‘allograft’/exp OR ‘apatite’/
exp OR ‘enamel protein’/exp OR ‘enamel matrix proteins’/exp OR ‘platelet derived growth
factor’/exp OR ‘bone morphogenetic protein’/exp OR ‘transforming growth factor’/exp

OR ‘“fibroblast growth factor’/exp OR ‘platelet-rich fibrin’/exp OR ‘parathyroid hormone’/
exp OR “artificial membrane’/exp OR ‘wound closure’/exp OR ‘periodontal guided tissue
regeneration’/exp OR ‘tissue regeneration’/exp OR ‘surgical flaps’/exp OR ‘tissue engineering’/
exp OR ‘enamel matrix derivative'/exp OR ‘bone substitutes’ OR ‘heterografts’ OR ‘dental
enamel proteins’ OR ‘gem 21s” OR ‘gtr’) AND (‘periodontal pocket’/exp OR ‘alveolar bone
loss’/exp OR ‘periodontal index’/exp OR ‘probing depth’/exp OR ‘pocket depth’/exp OR
‘periodontal attachment loss” OR ‘attachment level” OR ‘bone fill’ OR ‘bone gain’ OR ‘defect
fill’) AND (‘longitudinal study’/exp OR ‘prospective study’/exp OR ‘long term care’/exp OR
‘long term follow up’/exp OR ‘long term adverse effects” OR ‘years’ OR ‘long term’)

Web of Science TS=(“Furcation Defects” OR “periodontal disease” OR Periodontitis OR “periodontal atrophy”
OR “Periodontal Ligament” OR “periodontics” OR “intrabony defect” OR “periodontal
disease”) AND TS=(human OR adult OR Aged OR Elderly) AND TS=(“biological factors”

OR “Tissue Scaffolds” OR “Regenerative Medicine” OR “bone transplantation” OR “Bone
Regeneration” OR “bone substitutes” OR “Autografts” OR “Heterografts” OR “allografts” OR
“Apatites” OR “Dental Enamel Proteins” OR “enamel matrix proteins” OR “Platelet-Derived
Growth Factor” OR “Bone Morphogenetic Proteins” OR “Transforming Growth Factors”

OR “Fibroblast Growth Factors” OR “Platelet-Rich Plasma” OR “Platelet-Rich Fibrin” OR
“Parathyroid Hormone” OR “Membranes, Artificial” OR “Wound Closure Techniques” OR
“Guided Tissue Regeneration” OR “periodontal guided tissue regeneration” OR “surgical
flaps” OR “tissue engineering” OR “gem 21s” OR “enamel matrix proteins” OR “GTR” OR
“enamel matrix derivative”) AND TS=(“periodontal pocket” OR “Periodontal Attachment
Loss” OR “Alveolar Bone Loss” OR “Periodontal Index” OR “Treatment Outcome” OR
“outcome assessment” OR “probing depth” OR “pocket depth” OR “attachment level” OR
“bone fill” OR “bone gain” OR “defect fill”) AND TS=(“longitudinal studies” OR “prospective
studies” OR “long term adverse effects” OR “long term care” OR “long term follow up” OR

“years” OR “long term”)

Data Extraction

Two investigators (K.N. and J. Sze) independently
reviewed and extracted data from the included studies
using a predetermined data extraction table. Any dis-
crepancies between reviewers were resolved by discus-
sion and consensus, and by consulting a third author
(S.B.)). The data for the following variables were extracted
from each included study: A) study characteristics: first
author, year of publication, study design, country, setting
(private practice vs. academic setting), funding source,
length of follow-up, and number of regenerative groups;
B) patient characteristics: number of patients in each
group, average age of subjects, number of smokers in
each group, and number of male and female subjects;
C) defect characteristics: number of evaluated teeth
at baseline and at follow up in each group, number of
extracted teeth and number of drop-outs in each group,
location (maxilla, mandible or both), type of teeth (inci-
sors, canines, premolars, or molars), and defect morphol-
ogy; D) surgical considerations: pre-operative antibiotic
intake, use and type of grafting material, use and type of

barrier membrane, use and type of biological agent, use
of root conditioning, type of soft tissue closure, report
of maintenance protocol; and E) outcomes: outcome
variables and results.

Results

Quality assessment

Assessment of risk of bias for randomized clinical tri-
als showed that the overall risk of bias was low for 11
studies, and six studies were judged as having “some
concerns”. For non-randomized studies, the total score
ranged between 5-8 stars for the included studies. The
variability between studies was found for the Compara-
bility category, and the item 3 in the Outcome category
(adequacy of follow up of cohorts). None of the studies
received the maximum nine stars. Five studies received
eight stars. Six studies scored seven stars, seven studies
scored six stars, and three studies scored five stars.
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Publication Bias

Funnel plots for the outcome variables are presented in the Appendix Figures 11-15. No obvious asymmetry was

observed in the funnel plots analyzing the 5-year tooth retention (Appendix Figure 11), changes in clinical attach-

ment level (Primatry outcome variable; Appendix Figure 13), changes in pocket probing depth (Appendix Figure
14), and radiographic vertical defect fill (Appendix Figure 15). Some asymmetry was noted in the funnel plots for

the 10-year tooth retention (Appendix Figure 12), indicating potential publication bias for this variable.

No evidence of publication bias was found by Begg and Mazumdar rank correlation test for 5-year tooth reten-

tion (p = 0.08, = -0.13), changes in clinical attachment level (»p = 0.40, t = 0.08), changes in pocket probing depth

(» = 0.30, = 0.10), and radiographic vertical defect fill (p = 0.53, 7= 0.17). Begg and Mazumdar rank correlation

showed a significant publication bias for 10-year tooth retention variable (p = 0.004, = 0.40).

Appendix Table 1. Results of the sensitivity analysis after exclusion of retrospective and prospective non-

randomized studies

Outcome variable Number of Effect size (95% P value Heterogeneity T
groups Cl) 12, %
Tooth retention 5-yr 32 Event rate: 0.908 p < 0.001 < 0.001 0.00T Fixed effect
(0.87-0.93) model
Tooth retention 10-yr 16 Event rate: 0.882 p < 0.001 < 0.001 0.00T Fixed effect
(0.83-0.92) model

Changes in clinical 32 WMD: 3.28 mm p < 0.001 72.11 0.94 Random effect
attachment level (2.88-3.68) model
Changes in pocket 32 WMD: 4.0 mm p < 0.001 85.2 1.20 Random effect
probing depth (3.54-4.46) model
Radiographic vertical 9 WMD: 3.85 mm p < 0.001 92.93 2.83 Random effect
defect fill (1.83-5.87) model

Study name Event rate and 95%Cl

Event Lower Upper Relative
rate  limit limit Total weight

Bhutda et al. 2013 097 065 1.00 15/15 1.63

Ceteinkaya et al. 2014 G1 09 058 1.00 11/11 161

Ceteinkaya et al. 2014 G2 096 058 1.00 11/11 1.61

Cieplik etal. 2018 G1 086 065 09 19/22 — 8.72

Cieplik etal. 2018 G2 082 060 093 18/22 — 11.01

Cortellini et al. 2011 092 073 098 23/25 —& 6.19

Cortellini etal. 2017 G1 097 063 1.00 14/14 1.63

Cortellini etal. 2017 G2 09 062 1.00 13/13 1.62

Dori et al. 2013A G1 09 058 1.00 11/11 1.61

Dori et al. 2013A G2 09 058 1.00 11/11 1.61

Dori et al. 2013B G1 09 060 1.00 12/12 1.62

Dori etal. 2013B G2 096 060 1.00 12/12 1.62

Mengel et al. 2006 G1 098 073 1.00 22/22 1.65

Mengel et al. 2006 G2 098 0.71 1.00 20/20 1.64

Nickles et al. 2009 082 060 093 18/22 —- 11.01

Nygaard-Ostbyetal. 2010G1 087 059 097 13/15 — 5.83

Nygaard-Ostbyetal. 2010 G2 093 063 099 13/14 — 3.12

Orsini et al. 2008 G1 096 060 1.00 12/12 :: 1.62

Orsini et al. 2008 G2 096 060 1.00 12/12 1.62

Pretd et al. 2008 G1 088 046 098 7/8 T 294

Pretd et al. 2008 G2 089 050 098 8/9 - 2.99

Pretd et al. 2009 G1 082 049 095 9/11 i 5.50

Pretd et al. 2009 G2 09 058 1.00 11/11 1.61

Sculeanet al. 2006 G1 095 055 1.00 10/10 1.61

Sculean et al. 2006 G2 095 055 1.00 10/10 1.61

Sculeanet al. 2007A 095 055 1.00 10/10 1.61

Sculean et al. 2008B G1 095 055 1.00 10/10 1.61

Sculeanet al. 2008B G2 095 055 1.00 10/10 1.61

Sculeanet al. 2008B G3 095 053 100 9/9 1.60

Stawopoulos etal. 2010G1 096 060 1.00 12/12 1.62

Stawopoulos etal. 2010 G2 0.91 056 099 10/11 — 3.06

Stavropoulos etal. 2010G3 085 055 096 11/13 — 5.69

091 087 093 ¢
400 05 000 05 100

Appendix Figure 1. Forest plots of the tooth retention after at least 5 years following periodontal regenerative
procedures for randomized clinical trials
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Event Lower Upper
limit

Study name
rate

Broseler et al. 2017 0.93
Cortellini et al. 1999 0.96
Cortellini et al. 2004 0.97
De Bruyckere et al. 2018 0.99
De Sanctis et al. 2013 G1 0.99
De Sanctis et al. 2013 G2 0.99
De Sanctis et al. 2013 G3 0.99
Eickholz et al. 2002 0.97
Eickholz et al. 2007 0.96
Farina et al. 2007 0.93
Heden et al. 2006 0.86
Mitani et al. 2015 G1 0.97
Mitani et al. 2015 G2 0.96
Nickles et al. 2017 0.99
Okuda et al. 2013 0.98
Persson et al. 2000 0.97
Roccuzzo et al. 2018 0.97
Sculean et al. 2007B 0.98
Sculean et al. 2008A 0.96
Silvestri et al. 2011 0.96
Slotte et al. 2007 0.98
Stavropoulos et al. 2004 0.89
Stavropoulos et al. 2005 0.85

0.94

0.90
0.58
0.93
0.90
0.85
0.81
0.87
0.66
0.86
0.42
0.79
0.65
0.62
0.84
0.73
0.68
0.83
0.76
0.58
0.89
0.75
0.72
0.55
0.92

limit Total

0.95 378 /405
1.00 11/11
0.99 155/ 159
1.00 71/ 7
1.00 47/47
1.00 34/34
1.00 56/56
1.00 16/16
0.99 50/52
1.00 6/6
0.92 102/ 118
1.00 15/15
1.00 13/13
1.00 41/41
1.00 22/22
1.00 17/17
1.00 35/36
1.00 26/26
1.00 11/11
0.98 92/96
1.00 24/24
097 25/28
0.96 11/13
0.95

-1.00

Event rate and 95% CI

-0.50

0.00

Relative
weight

0.81
0.81
0.80
0.81
0.79
3.14

0.76
22.55
0.79
0.79
0.81
0.80
0.79
1.59
0.80
0.78
6.25
0.80
4.37
2.76

41.09

0.78

6.36
—

8 |

—
—
—_—
-
JE—
——
|

0.50 1.00

Appendix Figure 2. Forest plots of the tooth retention after at least 5 years following periodontal regenerative
procedures for non-randomized studies

Study name

Cieplik et al. 2018 G1
Cieplik et al. 2018 G2
Cortellini et al. 2017 G1
Cortellini et al. 2017 G2
Dori et al. 2013A G1
Dori et al. 2013A G2
Nickles et al. 2009

Nygaard-Ostby et al. 2010 G1
Nygaard-Ostby et al. 2010 G2

Pretzl et al. 2008 G1
Pretzl et al. 2008 G2
Pretzl et al. 2009 G1
Pretzl et al. 2009 G2
Sculean et al. 2008B G1
Sculean et al. 2008B G2
Sculean et al. 2008B G3

Event Lower Upper

rate

0.86
0.82

limit limit Total

0.65 0.96 19/22
0.60 0.93 18/ 22
0.63 1.00 14/ 14
0.62 1.00 13/ 13
0.58 1.00 11/ 11
0.58 1.00 11/ 11
0.60 0.93 18/ 22
0.59 0.97 13/ 15
0.63 0.99 13/ 14
0.46 098 7/8

0.50 098 8/9

0.49 0.95 9/11

0.58 1.00 11/ 11
0.55 1.00 10/ 10
0.55 1.00 10/ 10
0.53 1.00 9/9

0.83 0.92

-1.00

-0.50

0.00

0.50 1.00

Appendix Figure 3. Forest plots of the tooth retention after at least 10 years following periodontal
regenerative procedures for randomized clinical trials

Study name
Event
rate
Cortellini et al. 2004 0.87
Roccuzzo et al. 2018 0.97
Silvestri et al. 2011 0.84
0.87

Lower
limit

0.74
0.83
0.72
0.80

Upper
limit  Total

094 41/47
1.00 35/36
0.91 47/56
0.92

-1.00

Event rate and 95% CI

-0.50

0.00

0.50

Relative
weight

e | 38.04

7.07

B 54.90
¢

1.00

Appendix Figure 4. Forest plots of the tooth retention after at least 10 years following periodontal
regenerative procedures for non-randomized studies
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Study name Statistics for each study Sample size
Difference Lower Upper
inmeans limit limit p-Value Baseline Follow-up
Bhutda et al. 2013 3.18 227 4.09 0.00 15 15
Ceteinkaya et al. 2014 G1 2.36 1.20 3.52 0.00 11 11
Ceteinkaya et al. 2014 G2 2.64 1.61 3.67 0.00 11 11
Cieplik et al. 2018 G1 4.67 3.18 6.16 0.00 15 15
Cieplik et al. 2018 G2 3.00 0.59 541 0.01 15 15
Cortellini et al. 2011 8.20 6.98 942 0.00 25 23
Cortellini et al. 2017 G1 5.00 3.04 6.96 0.00 15 14
Cortellini et al. 2017 G2 3.60 192 528 0.00 15 13
Dori et al. 2013A G1 3.10 2.00 4.20 0.00 11 11
Dori et al. 2013A G2 3.00 1.74 4.26 0.00 1 1
Dori et al. 2013B G1 4.30 3.06 5.54 0.00 12 12
Dori et al. 2013B G2 4.30 3.05 5.55 0.00 12 12
Mengel et al. 2006 G1 3.00 1.82 4.18 0.00 22 22
Mengel et al. 2006 G2 3.50 205 4.95 0.00 20 20
Nickles et al. 2009 2.89 1.99 3.79 0.00 18 18
Nygaard-Ostby et al. 2010 G1  2.20 166 274 0.00 13 13
Nygaard-Ostby et al. 2010 G2  3.80 3.29 431 0.00 13 13
Orsini et al. 2008 G1 2.40 1.32 3.48 0.00 12 12
Orsini et al. 2008 G2 2.60 1.55 3.65 0.00 12 12
Pretzl et al. 2008 G1 2.00 0.15 3.85 0.03 8 7
Pretzl et al. 2008 G2 3.50 1.98 5.02 0.00 8 8
Pretzl et al. 2009 G1 244 042 4.46 0.02 9 9
Pretzl et al. 2009 G2 2.45 0.71 4.19 0.01 9 9
Sculean et al. 2006 G1 2.80 156 4.04 0.00 10 10
Sculean et al. 2006 G2 2.90 1.80 4.00 0.00 10 10
Sculean et al. 2007A 3.70 242 498 0.00 10 10
Sculean et al. 2008B G1 2.90 158 4.22 0.00 10 10
Sculean et al. 2008B G2 2.80 156 4.04 0.00 10 10
Sculean et al. 2008B G3 2.90 1.70 4.10 0.00 9 9
Stavropoulos et al. 2010 G1 2.40 0.34 4.46 0.02 12 12
Stavropoulos et al. 2010 G2 2.30 0.39 421 0.02 10 10
Stavropoulos et al. 2010 G3 4.10 246 574 0.00 1" 11
3.28 2.88 3.68 0.00

-10.00

-5.00

CAL Loss

0.00

T

-

'

"

5.00

CAL Gain

10.00

Relative
weight
3.83
3.42
3.63
2.88
1.76
3.32
2.24
2.60
3.52
3.26
3.28
3.28
3.38
2.95
3.85
4.39
4.43
3.55
3.60
2.38
2.84
217
2.52
3.29
3.52
3.22
3.16
3.29
3.34
2.13
2.30
2.67

Appendix Figure 5. Forest plots of the mean changes in clinical attachment level (primary outcome variable)
after at least 5 years following periodontal regenerative procedures for randomized clinical trials

Study name Statistics for each study Sample size
Difference Lower Upper
in means limit limit p-Value Baseline Follow-up

Cortellini et al. 1999 5.00 a2 6.79 0.00 16 1"
De Bruyckere et al. 2018 3.00 215 3.85 0.00 84 7
De Sanctis et al. 2013 G1 4.90 4.43 5.37 0.00 47 A7
De Sanctis et al. 2013 G2 430 373 4.87 0.00 34 34
De Sanctis et al. 2013 G3 5.40 5.03 5.77 0.00 56 56
Eickholz et al. 2007 2.97 217 3.77 0.00 50 50
Farina et al. 2007 2.60 1.71 3.49 0.00 6 6

Heden et al. 2006 5.30 4.41 6.19 0.00 102 102
Mitani et al. 2015 G1 2.60 0.70 4.50 0.0 15 15
Mitani et al. 2015 G2 2.70 1.27 413 0.00 13 13
Nickles etal. 2017 3.20 2.32 4.08 0.00 41 a1
Okuda etal. 2013 3.40 263 4.17 0.00 22 22
Sculean et al. 20078 3.00 1.85 4.15 0.00 26 26
Sculean et al. 2008A 4.60 2.88 6.32 0.00 1 11
Silvestri et al. 2011 4.40 3.85 4.95 0.00 120 92
Slotte et al. 2007 4.30 29 5.69 0.00 24 24
Stavropoulos et al. 2004 3.60 2.65 4.55 0.00 25 25
Stavropoulos et al. 2005 3.80 2.67 5.13 0.00 15 11
Yukna et al. 1998 1.70 0.7 2.69 0.00 20 20

3.76 3.24 4.27 0.00

-10.00

Difference in means and 95% CI

-5.00

CAL Loss

0.00

Ny

_++-¢++**- '

5.00

CAL Gain

10.00

Relative
weight
3.70
5.67
6.36
6.20
6.48
5.77
5.58
5.60
3.50
4.41
5.60
5.83
5.03
3.83
6.23
4.51
5.47
4.84
537

Appendix Figure 6. Forest plots of the mean changes in clinical attachment level (primary outcome variable)
after at least 5 years following periodontal regenerative procedures for non-randomized studies.
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Study name Statistics for each study Sample size Di i ¥ 1
Difference Lower Upper Relative
in means limit limit p-Value Baseline Follow-up weight
Bhutda et al. 2013 3.84 3.21 4.47 0.00 15 15 L 3.59
Ceteinkaya et al. 2014 G1 291 219 3.63 0.00 11 11 k3 3.52
Ceteinkaya et al. 2014 G2 3.39 254 4.24 0.00 11 11 - 3.40
Cieplik et al. 2018 G1 5.00 3.69 6.31 0.00 15 15 2.94
Cieplik et al. 2018 G2 5.00 3.69 6.31 0.00 15 15 2.94
Cortellini et al. 2011 9.30 819 10.41 0.00 25 23 ol 3.15
Cortellini et al. 2017 G1 540 4.01 6.79 0.00 15 14 2.85
Cortellini et al. 2017 G2 460 325 5095 0.00 15 13 —i-- 2.89
Dori et al. 2013A G1 3.90 3.01 4.79 0.00 11 11 - 3.37
Dori et al. 2013A G2 4.00 3.02 4.98 0.00 11 11 - 3.27
Dori et al. 2013B G1 490 375 6.05 0.00 12 12 1—_ 3.11
Dori et al. 2013B G2 5.00 3.65 6.35 0.00 12 12 2.89
Mengel et al. 2006 G1 3.60 274 4.46 0.00 22 22 - 3.39
Mengel et al. 2006 G2 3.30 244 4.16 0.00 20 20 - 3.39
Nickles et al. 2009 425 315 535 0.00 18 18 e 3.15
Nygaard-Ostby et al. 2010 G1 1.30  0.71  1.89 0.00 13 13 = 3.62
Nygaard-Ostby et al. 2010 G2 4.00  3.38  4.62 0.00 13 13 = 3.60
Orsini et al. 2008 G1 430 3.34 526 0.00 12 12 e 3.29
Orsini et al. 2008 G2 3.30 246 4.14 0.00 12 12 - 3.41
Pretzl et al. 2008 G1 270 0.88 4.52 0.00 8 7 —— 2.40
Pretzl et al. 2008 G2 420 259 581 0.00 8 8 ——t 2.62
Pretzl et al. 2009 G1 3.16 098 5.34 0.00 9 9 —— 2.07
Pretzl et al. 2009 G2 3.16 1.64 4.68 0.00 9 9 —— 2.71
Sculean et al. 2006 G1 3.40 254 426 0.00 10 10 - 3.39
Sculean et al. 2006 G2 3.70 291 4.49 0.00 10 10 - 3.45
Sculean et al. 2007A 480 396 564 0.00 10 10 - 3.41
Sculean et al. 2008B G1 360 224 4.96 0.00 10 10 —i— 2.88
Sculean et al. 2008B G2 3.40 218 4.62 0.00 10 10 - 3.03
Sculean et al. 2008B G3 3.50 225 4.75 0.00 9 9 —— 2.99
Stavropoulos et al. 2010 G1 3.00 1.56 4.44 0.00 12 12 —— 2.79
Stavropoulos et al. 2010 G2 3.60 254 4.66 0.00 10 10 - 3.20
Stavropoulos et al. 2010 G3 470 3.70 5.70 0.00 11 11 =i 3.26

4.00 3.54 4.46 0.00 <&
-11.00 -5.50 0.00 5.50 11.00

PPD Incrase PPD Reduction

Appendix Figure 7. Forest plots of the mean changes in pocket probing depth after at least 5 years following
periodontal regenerative procedures for randomized clinical trials

Study name Statistics for each study Sample size Difference in means and 95% CI
Difference Lower Upper Relative
in means limit limit p-Value Baseline Follow-up weight
Broseler et al. 2017 2.28 2.05 2.51 0.00 1008 378 . 5.34
Cortellini et al. 1999 5.53 4.21 6.85 0.00 16 11 —‘— 4.55
De Bruyckere et al. 2018 3.30 2.63 3.97 0.00 84 71 B 5.13
De Sanctis et al. 2013 G1 6.50 6.07 6.93 0.00 47 47 [ ] 5.26
De Sanctis et al. 2013 G2 5.20 4.67 5.73 0.00 34 34 1 5.22
De Sanctis et al. 2013 G3 5.90 5.53 6.27 0.00 56 56 5.29
Eickholz et al. 2007 3.95 332 458 0.00 50 50 B 5.16
Farina et al. 2007 3.20 2.66 3.74 0.00 6 6 . 5.21
Heden et al. 2006 5.20 4.38 6.02 0.00 102 102 L 3 5.02
Mitani et al. 2015 G1 1.80 0.79 2.81 0.00 15 15 - 4.85
Mitani et al. 2015 G2 240 1.28 3.52 0.00 13 13 - 475
Nickles et al. 2017 3.20 2.57 3.83 0.00 41 41 B 5.15
Okuda et al. 2013 4.70 410 5.30 0.00 22 22 = 5.17
Roccuzzo et al. 2018 3.20 2.67 3.73 0.00 36 36 ] 5.21
Sculean et al. 2007B 3.90 3.10 470 0.00 26 26 L 3 5.03
Sculean et al. 2008A 630 469 791 0.00 11 11 -l 423
Slotte et al. 2007 530 393 667 0.00 24 24 - 4.49
Stavropoulos et al. 2004 4.00 333 467 0.00 25 25 B 5.13
Stavropoulos et al. 2005 4.60 3.7 5.49 0.00 15 11 e 3 4.96
Yukna et al. 1998 310 208  4.12 0.00 20 20 - 484
416 344 488 0.00 <&
-11.00 -5.50 0.00 5.50 11.00
PPD Incrase PPD Reduction

Appendix Figure 8. Forest plots of the mean changes in pocket probing depth after at least 5 years following
periodontal regenerative procedures for non-randomized studies

Study name Statistics for each study Sample size Difference in means and 95% CI
Difference Lower Upper Relative
in means limit limit p-Value Baseline Follow-up weight
Bhutda et al. 2013 3.200 2.753 3.647 0.000 15 15 || 13.17
Ceteinkaya et al. 2014 G1  3.460 1.848 5.072 0.000 11 11 —i— 12.23
Ceteinkaya et al. 2014 G2 3.000 1.189 4.811 0.001 11 11 —i— 11.98
Cortellini et al. 2011 9.300 8.230 10.370  0.000 25 23 - 12.78
Pretzl et al. 2009 G1 1.700 -1.280 4.680 0.264 8 8 ——— 10.29
Pretzl et al. 2009 G2 1.150 -2.295 4.595 0.513 8 8 —_— 9.57
Stavropoulos et al. 2010 G1 3.640 1.185 6.095 0.004 8 8 —i—1 11.09
Stavropoulos et al. 2010 G2 3.730 0.234 7.226 0.036 8 8 - 9.50
Stavropoulos et al. 2010 G3 4.410 0.845 7.975 0.015 7 7 —— 9.39

3.850 1.827 5.872 0.000 —~1
-11.00 -5.50 0.00 5.50 11.00
Bone loss Bone fill

Appendix Figure 9. Forest plots of the mean radiographic vertical defect fill after at least 5 years following
periodontal regenerative procedures for randomized clinical trials
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Study name

Broseler et al. 2017
Eickholz et al. 2007
Heden et al. 2006
Okuda et al. 2013
Persson et al. 2000
Slotte et al. 2007
Stavropoulos et al. 2005

Statistics for each study

Difference Lower Upper

in means

4.120
1.790
3.300
4.400
0.400
4.800
5.200
3.326

limit
3.801
0.774
2.227
3.933
-0.781
2.951
2.860
2.359

limit

4.439
2.806
4.373
4.867
1.581
6.649
7.540
4.292

p-Value

0.000
0.001
0.000
0.000
0.507
0.000
0.000
0.000

Difference in means and 95% CI

-11.00 -5.50

Bone loss

|
L
L
|
L 3

i

<

0.00 550 11.00
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Appendix Figure 10. Forest plots of the mean radiographic vertical defect fill after at least 5 years following
periodontal regenerative procedures for non-randomized studies
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Appendix Figure 11. Funnel plots evaluating potential publication bias for the 5-year tooth retention
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Funnel Plot of Standard Error by Logit event rate
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Appendix Figure 12. Funnel plots evaluating potential publication bias for the 10-year tooth retention
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Funnel Plot of Standard Error by Difference in means
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Appendix Figure 13. Funnel plots evaluating potential publication bias for the changes in clinical attachment
level (Primary outcome variable)
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Funnel Plot of Standard Error by Difference in means
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Appendix Figure 14. Funnel plots evaluating potential publication bias for the changes in pocket probing depth
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Funnel Plot of Standard Error by Difference in means
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Appendix Figure 15. Funnel plots evaluating potential publication bias for the radiographic vertical defect fill



