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ABSTRACT

Background: To successfully regenerate lost tissues in periodontal therapy, the bone defect must be isolated from
the surrounding tissues. For this purpose, various types of barrier membranes have been developed and are being
applied. Biodegradable membranes of synthetic origin are of particular interest since their properties can be
controlled by modifying their composition and structure. Important representatives of this group are the polyester
membranes. Aim of the study: This systematic review aims to investigate the types and effectiveness of polyester
membranes used in periodontal regenerative therapy over the last ten years according to the published clinical
studies. Materials and methods: The advanced search was conducted on 07 February 2025 using the PubMed,
Web of Science, and Scopus databases and adhering to PRISMA guidelines. Results: This study included 256
cases, in 42.8% of which a biodegradable barrier membrane made copolymer of polylactic acid with polyglycolic
acid (PLA-PGA) was applied. In over 36% of the cases, a polylactic acid (PLA) was used. In 41.8% of the cases,
a polyester membrane was applied without bone graft. Conclusions: Polyester membranes are successfully used
in periodontal regenerative therapy. They are characterized by high biocompatibility, good barrier function,
controlled biodegradability, and suitable mechanical properties. In the last twenty years, PLA or its copolymers
have been commonly used in clinical studies, and this type of biodegradable membrane is usually combined with
various bone grafts.

Key words: periodontal regeneration, membrane, polyester, polyglycolic acid, polylactic acid,
polycaprolactone, polydioxanone, polyhydroxybutyrate

INTRODUCTION demonstrated their regenerative success (13-
Alveolar bone defects can result from 17). Their safety, efficacy, and regenerative
traumatic injuries, infections, tumors, and potential have been constantly evaluated and
different odontogenic and non-odontogenic validated using appropriate radiological,
lesions (1-7). The preservation and histological, and histomorphometric
regeneration of the alveolar crest have become assessments (18-20).
the main goal following tooth loss. The Usually, the successful regeneration of lost
restoration of lost tissues is one of the main periodontal tissue necessitates complete
directions of modern periodontology and isolation of the bone defect from the soft
implant dentistry. Over the years, guided bone tissues. For this purpose, membranes are most
regeneration (GBR) and guided tissue often used, which act as physical barriers with
regeneration (GTR) have become the selective permeability. They allow osteogenic
procedures of choice in this field (8-12). cells to settle in the defects, without letting
Over the years, various commercially fibroblast cells pass through (21-24).
available  regenerative  materials  have To successfully perform their functions in

clinical applications, barrier membranes must
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possess a number of biological and physical
properties. They must be biocompatible,
exhibit selective cell permeability, occlusive
functionality, and optimal mechanical
properties, be stable, and adhere tightly to
tissues (24-26).

Barrier membranes for tissue regeneration
in dentistry are divided into two main groups —
non-resorbable and resorbable. The first group
includes  polytetrafluoroethylene  (PTFE)
membranes (expanded PTFE (e-PTFE), dense
PTFE (d-PTFE), titanium-reinforced PTFE),
titanium-based membranes and zirconia-based
membranes. They are characterized by high
barrier function, biocompatibility, chemical
stability, and excellent mechanical properties
(26-29). They are successfully applied in
massive tissue loss and vertical bone defects
(26, 27). The main disadvantage of non-
resorbable membranes is the need for a second
surgical intervention to remove them. In
addition, the high hardness of the materials,
from which they are made,
complications, such as soft tissue separation

can causc

and membrane exposure (30, 31). In recent
years d-PTFE membranes have gained
popularity as a method for ridge preservation
and management of oroantral communications
(32-36).

To avoid the need to remove the membrane,
resorbable membranes have been developed.
They have essentially natural or synthetic
origins. The most commonly used natural
membranes are based on collagen and
chitosan. They exhibit high biocompatibility,
good barrier function, and promote wound
healing, but are characterized by poor
mechanical properties and a high rate of
degradation (26, 27, 37, 38).

According to their chemical composition,
synthetic resorbable membranes, which are
mostly used in periodontal
therapy, can be classified into two large

regenerative

groups: polyethers and polyesters. The first
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group includes polyethylene glycol (PEG),
polyethylene oxide (PEO), polyvinyl alcohol
(PVA), and some polyurethanes (PU).
Biodegradable  polyesters, = which  are
successfully used as barrier membranes, are
polylactic acid (PLA), polyglycolic acid
(PGA), polycaprolactone (PCL), and their
copolymers with different compositions (39-
42).

The ability to regulate the composition of
polyester membranes allows for the control of
both their mechanical properties and their
biodegradability (26, 41). Another important
advantage of these polymers is that the
chemical composition of the monomer units
and their structure allows them to be easily
impregnated  with  biologically
ingredients to support tissue regeneration (39).

This systematic review aims to investigate

active

what polyester membranes have been used in
periodontal regenerative therapy over the last
twenty years and what their efficacy is in
clinical studies.

MATHERIALS AND METHODS

The research question of this systematic
review is: What polyester membranes are used
in periodontal regenerative therapy and what is
their clinical efficacy?

This research adhered the PIO
framework with the following components:

P (Patient/Participant) — patients with areas
of bone loss around teeth due to periodontal

to

disease.

I (Intervention) — periodontal regenerative
therapy using resorbable polyester barrier
membranes

O (Outcome) -
resorbable polyester barrier membranes in
periodontal regenerative therapy

Eligibility Criteria

clinical efficacy of

The inclusion criteria consisted of: case
reports, case series, and randomized clinical
trials, written in English and published in the
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last 20 years.

The criteria consisted of:
abstracts, reviews, books, and book chapters;
preclinical studies; articles not discussing the

exclusion

use of polyester membranes; and articles in
languages other than English.

Information Sources

The review protocol adhered to the

PRISMA guidelines (43, 44) and can be
accessed
https://doi.org/10.17605/OSF.IO/ERNP6.

Search Strategy

The advanced search was conducted on 07
February 2025 in PubMed, Web of Science,
and Scopus databases. The search in each
database is presented in Figure 1.

at

text, English
(("periodontal"[All
"periodontically"[All Fields]
"periodontics"[All  Fields]
"periodontitis"[MeSH  Terms]

Fields]

"regenerable"[All  Fields]

"regeneration"[MeSH Terms]
"regenerations"[All  Fields])
"membrane s"[All Fields]
"membranes"[MeSH Terms]
"membrane"[All  Fields]
("polyesters"[MeSH  Terms]
"polyester"[All  Fields] OR

PubMed

Fields] OR

acid'[All  Fields]) OR

"polyhydroxybutyrate"[All
Terms] OR
"polyhydroxybutyric"[All

OR

(((periodontal) AND (regeneration) AND (membranes)) AND (polyester
OR polycaprolactone OR polylactic acid OR Polyglycolic acid OR
polydioxanone OR Polyhydroxybutyrate)) Filters: in the last 10 years, Full

OR

OR

OR
OR

"periodontitides"[All Fields]) AND ("regenerability"[All Fields] OR

OR

"regenerants[All Fields] OR "regenerate"[All Fields] OR "regenerated"[All
Fields] OR '"regenerates"[All Fields] OR '"regenerating"[All Fields] OR

OR

AND  ("membranal"[All

OR
OR

OR

("polycaprolacton"[All
"polycaprolactone"[Supplementary Concept] OR "polycaprolactone"[All
"polycaprolactones"[All
lactide"[Supplementary Concept] OR "poly lactide"[All Fields] OR
"polylactic acid"[All Fields]) OR ("polyglycolic acid"[MeSH Terms] OR
("polyglycolic"[All Fields] AND "acid"[All Fields]) OR "polyglycolic
("polydioxanon"[All
"polydioxanone"[MeSH Terms] OR "polydioxanone"[All Fields]) OR
("polyhydroxybutyrate"[Supplementary

Fields] OR
"polyhydroxybutyrates"[All
Fields])))
english[Filter]) AND (2005:2025[pdat]))

"membranous"[All

"periodontally"[All ~ Fields] OR
"periodontics"[MeSH Terms] OR
"periodontic"[All  Fields] OR
"periodontitis"[All Fields] OR
OR

"regenerant"[All  Fields]

OR
OR
OR
OR
AND
OR
OR

"regeneration"[All  Fields]
Fields]
Fields]
Fields]
Fields])
Fields]

Fields]

"membraneous"[All
"membranes"[All

"polyesters"[All

Fields]) OR

("poly

Fields] OR
Concept] OR
"polyhydroxybutyrates"[MeSH
Fields] OR
((fft[Filter]) AND

AND

=

Web of
Science

Scopus

~
ALL=(((periodontal) AND (regeneration) AND (membranes) AND (polyester OR

\(Docmnent Types) and Dentistry Oral Surgery Medicine (Research Areas)

polycaprolactone OR polylactic acid OR Polyglycolic acid OR polydioxanone OR
Polyhydroxybutyrate ))) and 2005 to 2025 (Final Publication Year) and Article

\TO ( SUBJAREA,"DENT" ) ) AND ( LIMIT-TO ( DOCTYPE,"ar") ).

f( ( periodontal AND regeneration AND membrane ) AND ( polyester OR\

polyglycolic AND acid OR polylactic AND acid OR polycaprolactone OR
polydioxanone OR Polyhydroxybutyrate ) ) AND PUBYEAR > 2005 AND
PUBYEAR < 2025 AND ( LIMIT-TO ( LANGUAGE."English" ) ) AND ( LIMIT-

J

Figure 1. Search Strategy
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Study Selection, Data Collection, and Data
Items

The authors of the article, title, year of
publication, and abstract were exported to an
MS Excel file. After removing duplicate
records, the titles and abstracts were reviewed
by two independent reviewers (E.S. and D.D.).
The full texts of the remaining studies were
assessed, removing those not meeting the
eligibility criteria.

The information retrieved from each study
included: the first author's name, publication
year, polyester membrane type, bone graft,
number of participants, average age and
follow-up assessment period.

Risk of Bias Assessment

For the purpose of this systematic review, a
quality assessment was conducted using the
Joanna Briggs Institute (JBI) critical appraisal
tools (45). The studies with a JBI score up to
49% were classified as “high risk of bias”,

studies with 50-79% as “moderate risk of
bias”, and studies with 80-100% as “low risk
of bias”.

RESULTS

A total of 399 studies were identified by
searching the three databases. Duplicate
records were removed, and after reviewing the
titles and abstracts of the remaining articles,
303 records were excluded. After analyzing
the full text of the remaining 29 articles,
twelve studies were included in this systematic
review. Figure 2 presented a PRISMA flow
chart of this review.

The characteristics of the studies included
in this study are presented in Table 1.

Figures 3 show the distribution of cases
according to the type of polyester membrane
and the cases in which the membrane was

applied with bone graft or alone.

Identification of studies via databases and registers

Records identified from:
Databases (n=399)
Scopus (n=139)

Web of Science (n= 83)
PubMed (n=177)

Identification

o

Records screened

(n=332)

Reports sought for retrieval

Screening

Records removed before screening:
Duplicate records removed
(n==67)

Records marked as ineligible by
automation tools (n = 0)
Records removed for other
reasons (n=0)

Records excluded
(n=303)

.| Reports not retrieved

(n=29)

Reports assessed for
eligibility (n=29)

.

)

Studies included in review
(n=12)

Included

[

T @=0)

Reports excluded:
Reports not discussing the use of’
polyester membranes (n= 12)
Preclinical studies (n=2)
Reports without full text (n=2)
Review articles (n= 1)
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Figure 2 PRISMA flow chart of this review
Table 1. Articles included in the present review.

Autor, Yer, Polyester Bone graft Participants Follow up
ref. membrane type Number | Average assessment
age (year)
Chhabra, PGA-PLA PGA-PLA (50/50) 40 Not stated | 12 and 24
2011 (46) weeks
Deepika, 2023 | PLA-PGA HA/crystal collagen 14 39.542.5 6 months
(47) fibers
Eickholz, PGA-PLA No 9 46.9+9.3 12 and 120
2006 (48) months
Eickholz, PGA-PLA No 31 44.5£10.6 | 6 and 60
2007 (49) months
Friedmann, Polylactide/CAE bone chips (1 case); 11 58.7 6,12,18, 30
2020 (50) CopiOs (1 case); months
nongrafted (9 cases)

Lyons, 2008 PLA; DFDBA 29 55 9 months
(51) PLA+Dox
Mehrotra, PLA-PGA HA/collagen fibers 10 40 3and 6
2019 (52) months
Nickles, 2009 | Polylactide/ATBC | No 15 45 12 and 120
(53) months
Nygaard- PLA Autograft 40 53 6 and 9
Ostby, 2008 months
(54)
Pretzl, 2008 PGA-PLA No 12 46.1+10.1 | 12 and 120
(55) months
Pretzl, 2009 Polylactide/ATB; | No 15 42.1+£12.8 | 12 and 120
(56) PDO months
Wu, 2009 PLA No 30 49.5 6 and 9
7 months

ATBC-acetyl tributyl citrate; CAE-citric acid ester; DFDBA-demineralized freeze-dried bone allograft,

Dox-doxycycline hyclate;

polyglycolic acid.

A)

B PGA-PLA mPLA

42,8%

m Polylactide/CAE

B)

M polyester membrane with bone graft

PDO

41,8%

HA-hydroxyapatite, PDO-polydioxanon; PLA-PGA-polylactic acid-

polyester membrane without bone graft

Figure 3. Distribution of the cases according to the type of polyester membrane (A) and the
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cases in which the membrane was applied with bone graft or alone (B).

The quality assessment of the included case risk of bias of five studies was assessed as
series and randomized control trials is “low” and the other seven as “moderate”.
presented in Figures 4 and 5, respectively. The

Autor/year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Overall
= 0 0 000 000 0|0 =
et :1{?1;:)08 m O O O Q O 0 O O O Moderate

Q1.Were there clear criteria for inclusion in the case series?; Q2.Was the condition measured in a standard, reliable way for all
participants included in the case series?; Q3.Were valid methods used for identification of the condition for all participants
included in the case series?; Q4.Did the case series have consecutive inclusion of participants?; Q5.Did the case series have
complete inclusion of participants?; Q6.Was there clear reporting of the demographics of the participants in the study?; Q7.Was
there clear reporting of clinical information of the participants?; Q8.Were the outcomes or follow up results of cases clearly
reported?; Q9.Was there clear reporting of the presenting site(s)/clinic(s) demographic information?; Q10.Was statistical analysis
appropriate?

O-Yes m-UncIear m-No

Figure 4. Risk of bias assessment of the case series

Autor/year | Q1 | Q2 | Q3 | Q4 | Q5| Q6 | Q7 [ @8 | Q9 | Q10 | Q11| Q12 | Q13 | Overall
i 90000000000 0|0 [pon
o © 0 0000000 00 0|0)|
0/000/0/0/00|0 |00[00] =
" 0/00]0/0/0|00/0|00[0]|0] =
Ly0;1(s)0e;al., M m m m QO © DO ()| () |Moderate
Mehr;)(t)r;lgetal., I N O OO O | OQ| OO Mot
e 000000000 |00 0O e
= 0/0/00/0/0/0/0]0 0000
. 10/0[0/0/0/0/000|0/000 [
wuetal, 2000 @D | QD O QO O O O O O O|© |Modrate

Q1.Was true randomization used for assignment of participants to treatment groups?; Q2.Was allocation to treatment groups
concealed?; Q3.Were treatment groups similar at the baseline?; Q4.Were participants blind to treatment assignment?;
Q5.Were those delivering treatment blind to treatment assignment?; Q6.Were outcomes assessors blind to treatment
assignment?; Q7.Were treatment groups treated identically other than the intervention of interest?; Q8.Was follow up
complete and if not, were differences between groups in terms of their follow up adequately described and analyzed?;
Q9.Were participants analyzed in the groups to which they were randomized?; Q10.Were outcomes measured in the same way
for treatment groups?; Q11.Were outcomes measured in a reliable way?; Q12.Was appropriate statistical analysis used?;
Q13.Was the trial design appropriate, and any deviations from the standard RCT design (individual randomization, parallel
groups) accounted for in the conduct and analysis of the trial?

O-Yes O-Unclear m-No

Figure 5. Risk of bias assessment of the randomized controlled trials
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DISCUSSION

In the various fields of modern medicine
and dentistry, the so-called regenerative
procedures have become established in
everyday practice (14, 29). This can be
explained by the continuous development in
this field, starting with a better understanding
of the biological mechanisms of regenerative
processes, the serious development of
surgical equipment and instrumentation to
reach the huge variety of surgical methods
and regenerative materials. Today, clinicians
have at their disposal an impressive variety of
regenerative materials - different barrier
membranes, bone repair materials and growth
factors (58-60).

Nowadays, it is possible not to reach
surgical treatment in periodontology in some
cases, but for this purpose it is necessary that
patients are well motivated and trained to
observe good personal oral hygiene and that
the nonsurgical periodontal therapy is
performed exacto (61, 62). Unfortunately, in
more serious consequences of past
periodontitis, it is very often necessary to
apply various regenerative approaches (29,
63-65).

One of the most commonly used
biological materials in periodontics are
barrier membranes. They are divided into
resorbable and non-resorbable. Each of the
two groups is characterized by a number of
advantages and disadvantages (24-30).

Synthetic polyesters such as polyglycolic
acid (PGA), polylactic acid (PLA),
polycaprolactone  (PCL), polydioxanone
(PDS), polyhydroxybutyrate (PHB) are
widely used in general and dental medicine
(66-70). These polymers exhibit good
biocompatibility, are biodegradable and can
be applied in the form of granules, fibers,
porous scaffolds or membranes. The property
of some polyesters to exhibit selective cell
permeability, as well as the possibility of
controlling the rate of degradation and their
mechanical properties is the basis for their
application as barrier membranes in
periodontal regenerative therapy.

The results of the present study show that
in the last ten years, polyester membranes

36

based on PLA and its copolymers have been
most often used in clinical practice. In 36.5%
of cases, membranes made of PLA alone are
used, while in 42.8%, its copolymers with
PGA are used. In the remaining cases, the
membranes are made of PLA in combination
with citric acid esters (15.2%) and PDO
(5.5%).

In 58.2% of cases polyester membranes
are used in combination with autografts,
allografts, xenografts, or synthetic bone
grafts. In the cases considered, bone chips,
deproteinized bovine bone mineral (DBBM),
calcium phosphate ceramics, or combinations
between them are used as bone graft. On the
other hand, in 41.8% of cases is the
membrane used alone in GTR. The reason for
this percentage may be due to evidence in the
literature that demonstrates more predictable
and effective outcomes when using combined
methods involving barrier membrane and
bone repair material (71).

Various  clinical and radiological
measurements have become established as
the main methods for assessing tissue
regeneration over the years (63, 64). For
reliable information on bone regeneration, it
is also necessary to conduct histological and
histomorphometric analyses (18-20).

This systematic review included 2 case
series and 10 randomized control medical
trials, which reviewed a total of 256 cases
with the use of polyester membranes. In all
cases, successful use of polyester barrier
membranes was reported.

Particularly valuable for evaluating the
effectiveness of membranes are randomized
controlled clinical trials, which confirm that
the combined use of the graft and membrane
shows better results as compared to graft
alone (52). In addition, through such studies
in recent years, it has been shown that
polyester membranes (PLA and PLA-PGA)
give similar results when compared to
leukocyte platelet-rich  fibrin  (L-PRF)
membrane  (47) and  non-resorbable
polytetrafluoroethylene (ePTFE) barriers (48,
49, 55).
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CONCLUSIONS

1. Resorbable polyester membranes are
successfully used in periodontal regenerative
dentistry. They are most often combined with
various autografts, allografts, xenografts or
synthetic bone grafts.

2. Over the past ten years, the most widely
used polyester membranes have been PLA
and PLA-PGA. Randomized controlled
clinical trials have shown that their efficacy is

comparable to those of other proven barrier
membranes such as ePTFE and L-PRF
membranes.

3. All included articles demonstrated that the
polyester membranes provided excellent
barrier function for guided tissue
regeneration.
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