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Abstract

Background: Patients treated with guided bone regeneration (GBR) may be treated using resorbable or non- resorb-
able membranes, which differ in their efficacy, failures and complication profiles.

The objective is to evaluate the efficacy and failures and complications of resorbable membranes versus non-resorb-
able membranes in patients undergoing guided bone regeneration (GBR). A search was conducted until July 31, 2025.
Randomized clinical trials (RCTs) comparing both types of membrane in ROG were the eligibility criteria.
Material and Methods: Data collection and risk of bias assessment (RoB 2.0) were performed. Primary endpoints
included bone regeneration efficacy and membrane-associated complications.

Results: Twenty-five RCTs with a total of 684 patients were included. Most studies reported a high success rate for
both types of membranes. However, non-resorbable membranes had a higher incidence of complications, such as
membrane exposure (up to 71%), disinheritance and infections.

Conclusions: Both types of membranes are effective for ROG, they should be chosen according to the defect and
type of patient. Resorbable membranes have a lower complication rate and non-resorbable membranes offer greater
dimensional stability and the need to perform a second surgery for its removal.

Keywords: Guided bone regeneration, complications, resorbable membranes, non-resorbable membranes, sys-
tematic review.
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Introduction

Alveolar bone atrophy is a frequent consequence of tooth
loss and manifests as progressive bone resorption that can
reach moderate or severe degrees. This resorption is due to
the absence of the functional stimulus that the teeth exert
on the alveolar bone, which triggers a continuous process
of bone loss. The speed and pattern of this resorption de-
pends, among other factors, on the anatomical location [1].
To address bone volume loss after extraction, multiple
augmentation techniques have been developed, which can
be applied to both the maxilla and the mandible, depend-
ing on the type and extent of the defect. Among the most
used are bone grafts, either in the form of blocks (onlays)
or particulate, osteodistraction, guided bone regeneration
(GBR), transposition of the inferior alveolar nerve and the
use of containment devices such as titanium meshes [1].
In the context of GBR, two main approaches can be used
depending on the type of membrane selected: Nonresorb-
able membranes, such as titanium-reinforced polytet-
rafluoroethylene (PTFE) membranes, and resorbable
membranes, usually collagen. In vertical regeneration pro-
cedures, resorbable membranes require additional support
to maintain the necessary space for bone formation, such
as a titanium mesh or an osteosynthesis plate [1].
However, the use of barrier devices involves a demand-
ing surgical technique and is not without complications.
The main cause of failure in GBR procedures is prema-
ture or late exposure of the membrane, which can lead
to contamination of the biomaterial and irreversibly
compromise bone regeneration [1].

Furthermore, in the case of non-resorbable membranes,
a second surgical intervention is required for their re-
moval, usually six to eight months after placement [2].
In contrast, resorbable membranes have the advantage
of eliminating the need for additional surgery, and pres-
ent a lower risk of exposure, perforation and infection.
However, the choice of membrane type depends on mul-
tiple clinical factors, including the size of the defect and
the presence or absence of supporting bone walls. For
this reason, both non-resorbable membranes and tita-
nium meshes continue to be therapeutic options espe-
cially indicated in extensive bone defects or in atrophic
ridges lacking walls, although regeneration in these
cases tends to be slower [3].

Material and Methods

The review was prepared according to Cochrane Col-
laboration guidelines and reported following the PRIS-
MA extension statement for reporting systematic re-
views incorporating network meta-analyses of health
care interventions (PRISMA-NMA) [4].

The following question was developed: In patients
undergoing guided bone regeneration, are resorbable
membranes more effective and have fewer failures and
complications than non-resorbable membranes?
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Study eligibility criteria (in PICO format)

P (Population): Patients undergoing guided bone regen-
eration (GBR) procedures with the use of membranes. |
(Intervention): Use of resorbable membranes for guided
bone regeneration. C (Comparison): Use of non-resorb-
able membranes for guided bone regeneration. O (Out-
come - Results). Efficacy: success rate of bone regenera-
tion (e.g., new bone formation, graft stability). Failures:
Membrane exposure, graft loss, infections. Clinical
complications: Inflammation, undesirable bone resorp-
tion, need for reoperation.

Inclusion and exclusion criteria

Inclusion criteria: Population: Patients undergoing guid-
ed bone regeneration (GBR) using membranes. Interven-
tion and comparison: Use of resorbable membranes vs.
non-resorbable membranes in guided bone regeneration
procedures or membranes vs. a control group. Results:
Reports results related to: Efficacy: New bone formation,
graft stability. Failures: Membrane exposure, infections,
graft loss, unwanted bone resorption. iv.-Study design:
Randomized controlled trials (RCTs). Clinical studies
with comparisons between membrane or control groups.
v.-Language: Published in English or Spanish.

Exclusion criteria: Does not compare resorbable and
non-resorbable membranes directly or membranes with
respect to a control group. Does not report specific results
on bone regeneration (efficacy or failures). Animal or in
vitro studies. Descriptive studies, systematic reviews,
case series or studies without a comparative group.
Search strategy and information resources

Electronic searches were conducted until July 31, 2025
in four databases: CENTRAL (Cochrane Central Reg-
ister of Controlled Trials), OVID MEDLINE, EM-
BASE and Web of Science. For PubMed, MeSH terms
and free terms combined using Boolean operators
were used, with the following search strategy: (("Guid-
ed Bone Regeneration"[MeSH] OR "Alveolar Ridge
Augmentation"[MeSH] OR "Bone Regeneration") AND
("Absorbable Implants"[MeSH] OR "Biodegradable
Materials"[MeSH] OR "bioabsorbable membranes" OR
"resorbable membranes") AND ("Non-Absorbable Mem-
branes" OR "Polytetrafluoroethylene"[MeSH] OR "non-
bioabsorbable membranes" OR '"non-resorbable mem-
branes")) AND ("Bone Formation"[MeSH] OR "Bone
Regeneration"[MeSH] OR "Treatment Outcome"[MeSH]
OR "Postoperative Complications"[MeSH] OR "Treat-
ment Failure"[MeSH]) AND (Humans[MeSH]) AND
(english[Language] OR spanish[Language]). For the
Cochrane database, the same search strategy was used:
("Guided Bone Regeneration"[MeSH] OR "Alveolar
Ridge Augmentation"[MeSH] OR "Bone Regeneration")
AND ("Absorbable Implants"[MeSH] OR "Biodegradable
Materials"[MeSH] OR "bioabsorbable membranes" OR
"resorbable membranes") AND ("Non-Absorbable Mem-
branes" OR "Polytetrafluoroethylene"[MeSH] OR "non-
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bioabsorbable membranes" OR '"non-resorbable mem-
branes")) AND ("Bone Formation"[MeSH] OR "Bone
Regeneration"[MeSH] OR "Treatment Outcome"[MeSH]
OR "Postoperative Complications"[MeSH] OR "Treat-
ment Failure"[MeSH]).

Study selection and data extraction

The selection of titles and abstracts was performed by a
reviewer (DSC). In case of doubt, the decision on which
articles to review in full text was made by discussion with
the review team (SEM). A reviewer (DSC) then reviewed
the full text of the articles for inclusion. Again, in case of
uncertainty, the decision on inclusion or exclusion was
made by discussion with the review team. Data extrac-
tion forms were then developed, tested on several articles,
and modified if necessary, before use. Next, one reviewer
(DSC) extracted the data, and two other reviewers (SEM,
JLL) checked a randomly selected sample (50%) of the ex-
tracted data. The following data were extracted: Context,
study design, population characteristics (no. of patients,
types of defects, location), details of interventions, and in-
formation on primary and secondary outcomes.
Quantitative methods

Pooled analyses were performed using a random-effects
model. Study heterogeneity was assessed using the 12 sta-
tistic. Heterogeneity between studies was considered sta-
tistically significant for a pvalue<0.05 and was interpreted
according to Cochrane Handbook recommendations: 0%-
40% was considered unimportant, 30%-60% as moderate
heterogeneity, 50%-90% as substantial heterogeneity, and
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75%-100% as considerable heterogeneity. Review Man-
ager 5.4 was used as a tool to analyze the data, previously
recorded an Excel table. Forest Plots were made to graphi-
cally represent the difference between the different types
of membranes, with a 95% confidence interval (CI).
Assessment of risk of bias and certainty of evidence
Risk of bias was assessed at the outcome level in all in-
cluded RCTs using the Cochrane Risk of Bias (RoB) 2.0
tool [5]. Certainty in evidence (CiE) was assessed at the
outcome level using the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE)
approach [6]. Assessment of publication bias using
funnel plots was not performed because the number
of studies included in each meta-analysis was limited,
which precluded a meaningful evaluation.

Results

Study selection

A total of 98 records were identified, of which all were
electronically searched. After eliminating duplicates,
the titles and/or abstracts of 82 records were examined.
Once irrelevant titles and abstracts were excluded, the full
texts of 37 publications were examined, allowing us to ex-
clude 12 articles for which the full text was not available
and to include 25 publications describing 25 randomized
controlled trials (RCTs) (Figure 1) [7]. Twenty-five RCTs
contributed to the quantitative analyses. In addition, 14
articles not included in the analyses were obtained from
manual searches to contrast results from other authors.

Identification of studies via databases and registers

Figure 1: Flow Chart diagram.

Characteristics of the studies included

Twenty-five randomized clinical trials (RCTs), published
between 1995 and 2025 were included, with a total of 684
patients evaluated. In Table 1 we present characteristics
of the 25 studies included in the review [1-3, 8-29].

c
2 Records identified identified from: Records removed before
3 -PubMed (n = 55) screening:
b -Cochrane (n =43) -Duplicate records removed
8| | -Registers (n=98) (n=16)
— v
Records screened Records excluded
(n=82) -Studies excluded for not being RCTs or
w v Clinical Trials (n = 35)
= Reports sought for retrieval -Studies excluded based on inclusion and
g (n=37) exclusion criteria (n =10)
3 3
Reports assessed for eligibility | Repot43 excluded:
(n=37) -Studies excluded due to
— i unavailablity (n =12)
3
3 Studies included in review
3 (n=25)
[

The sample size per study ranged from 9 to 72 partici-
pants, the largest study being that of Jung ez al. [19], while
the smallest was by Majzoub et al. [24]. Follow-up time
ranged from 4 to 168 months, although most studies es-
tablished short- or medium-term follow-up (<12 months).



Membrane outcomes in guided bone regeneration

WO TFOS'T WO
3 9 D of syjuow 10008 UONOBIIX, 100 "SA & /v 12 ouLIEpUE

YstH WOz 1706 b ‘AALdP %0 %001 N £t 4 & I d [oz] Lo¥ oy d41d-P (09) 810T 7 PUE\
wwyg ¢ [uaSe[jo) %6°16 “UaSe[jo)

MO uaSe[jo)<giLd-° yeiSouox SYIUOW 89 -pi 1 199J9p Auoqerjuy 611 109 uaSer[o) 'sa gILd-° (61) €107 ‘v 32 Sungp
A WWYT ‘L0 1100< 04076 “HALd-0 u it 8911 Jop Auoqeiy l61] LD 1100 0z 7
wwy 1- :uddefjo) X 109J9p UOTIRISAUJ i :

JeIPON W [ AL %l “UOBE[[0) %S6 yeigoudy sypuour 09 10 00UGDSIYOQ [81]10% uaBe[[0D) 'SA H{Ld-2 (81) 120T 77 42 uudeN
wWwge zF] ¢ [uaSe[jo) Q0UDISIYAP 94(€ USTE[[0)) 1090p
3 3 : -
AeIPON “SA WIWQY TP T ‘AALd-2 “SA 20URISIAP %p ] AL %001 yeloouax stpuowr 9 parensousjoongg [L1]10¥ Uase[[0]) "SA HALd-0 (L1) L10T 7 32 uudeN
9%9°G6 :uage[jo) syuejdunt
"€F6'] (udT
ysiyg M_M_M:mﬂm 1 .:w m:ooyo ‘sA uonensanbas ‘amsodxo %001 snouagony syjuow ¢ [eyuap Surpunorns [911 1OY uo3e[[0)) "SA A Ld-2 (91) 100T 77 12 Anoyy|
’ e ddld “R[MISIJ “00UAISIYIP %09 ‘HILd-0 $109JOp SN03SSQ)
%8 1F%C [udse[jo) a1nsodxa %9 :uaSe[[0)
MO 9 yersous syjuow 100§9p Auoqenu; uaSe[o)) sa -0 IV 12 UURWIPILL
T A Vg %66 THAL0 A 01, AL %001 1 X U L Jop Auoqeyug [s1]10¥ 110D SA T4 Ld (ST) €002 7 paLg
(11 [PIUOZHIOY) Wiz 178 veaa4al yeisoyre [HSODIW] arexpAyruay
MO i UONOJUT %G T ‘HAILd- %001 QUOQ PALIP -9Z3L syuow 7| uoneoINy [ SSB1D) $11 109 Q)eJ[NS WNIOTED dpe #1) 200T 7 12 1N0D)
S noajut q paLIp -0z221 U HeaIny [ ssef. IS winiofed opes3
: ’ pazifeIoUIWS [eoIpowW JO JoLLIeq “SA I Ld-0
wwQ [T AANM deyy payipow
AEIPON SA WWY[F6y ‘AN 2insodxa %0 *HALd-0 %001 ON stpuowr g 103Jp Auoqeuy [er]1o¥ UBLUPIA "SA 9ANBALISP (€1) 0002 77 12 LSIANS
SA W ZFY' Y :ALd-2 XLIBUWI [QWRUD ‘SA FJLd-9
Ww{9'0FG9°g :udBe[[0) smsoda L8 weRa0) %¢€’8L ‘UdTe[[0D) %0 Yeisomy SEIde%
AJeIOPOIN ) %S"71 dImsodxa pue ’ syjuow 9 eyuap Surpunoims 11 10¥ uaSe[0) SA AILd-2 Z1) 0007 v 12 o1dae
P SA WW99'0FYTT ‘HAL? dxop ,M\ €€8 ‘HALd® e\com yeiouox s peIuop 3utp o 1100 00z 7 e
: %" 0UISIYAP HILd-0 0 : 605 S199JOp SN03SSO)
wuy [FL°] 1016 Unoe[3A[0d %11 :016 Unov[3A104 016 unoeI3AI0d
3 S y
YolH “SAWWE T AL SA 911 HALID %68 ON sypuow 9FOC1 uoneauny 11 sse[y [2] 1oy “SA HALd-0 (8) 9002 17 12 ZioyOIY
ww g :0]6 unoeSLjod . 016 unoe[s&joq .

UStH A WG ] 174140 %ST ‘HALd-0 %001 ON syuour €309 103Jop Auoqeuy [11] o9 A AL (11) 2002 77 #2 Wiry|
W F[ f [YsouwW [ . JeISo[[e %0$ = . . .

MO SA W7 p “AALP %S'L %001 ‘snousSoyne 9,0¢ sypuowt 6 ajqipuew 10tsod | [01] LOY | ysew-1y, ueBe[joD) ‘SA H{Ld-P 01 6102 77 72 1y2I1D)

WWETFyL ysouw-1],
ysow-1], snjd uoSe[jo) JJeIS0[[E %05 ysow-1 snjd
Mo snid uageo) 'sa Y %001 syyuow 6 ojqipuew Jotsod | [€] LOY (€) 6102 77 72 Ty2IN)
S'L SA TALd-L %S L ‘snousSoine %,0¢ uaSe[[0) 'SA FILd-1L
w6 [F8°L *HALd-1L 'Id'd & & %0 1109
9)eI3PO] w¢ UOISSIIA 0, [} Auo oo syjuour 1049p [6] apyooiahod 6) *Ip 12 3977 3P UE,
NeIOPOIN E0- i %ST %001 poojq “yesSouay et 4! au0q eI 6] LOd JOPUSRIA[Od SA T Ld-0 6) $00T 77 12 337 13p UBA
QJeIIPON WWEE (FOT 0+ e % -UOUBXOIPI[O] "SA %() “HALd-2 %6 ON sipuowt €09 _VM_MMHMWE [8] 1o¥ Srentolingen-apuowjod (0) L00T v 12 ZIoIY
. - _ 0T+ 1p! 60 - o ! ¢ R ~ !
ww/ 9 7FYL T ‘ured A-1dd Josyep Auoqeyu 016 unoe[Siod 'sa 411d-°
suonea1[dwoo 9, *1Z-[eo13ims USe[[00 PAUI[-SS01D)
WW{F] { [Ysouw], o ’ %001 :ysow 1, RIZ0[[® %05 pue J[qipuew .
Mo sA W [F- Mm J1dP %S8T'S 1 “ysoul 1, *sA suonearjdwos n\o 001 w qLdP m:o._me_,w e\w c sypuour 7| S:%M% onydony [1]1oy UHLM PaIdA0d (1) L10T 77 42 14290
) %S 1-[B2IBINS %6 ‘T 1d-P o ’ i i ysous wnpuein 'sA F11d-P
memw_ﬂm (wrur) uoneuLIoy duog (%) suonedrdwo) (%) e $s309ng Jyeas suog (sypuowr) dn-amojjog uonezieIo| IN] *SJo L Jueaquidwi Jo 3dAy, (aeas “royyne) Apms

Med Oral Patol Oral Cir Bucal. AHEAD OF PRINT - ARTICLE IN PRESS

*9)eIPAYTUIAY dJJ[NS WINIO[RD APLIT [RIIPIAN THSDDIA 109JOp SNOISSORIJUT [BINIOA A-Td YSOW WNTUBIL], [YSOW 1]
-ouojApoorongenaiLjod papuedxq g Ld-9 QudAypeorongenokjod asuo( ‘g Ld-P eI} [EOIUI[D pazrwopuey 1Y Apnis Jo odAJ :S JO I "MOIASI O} UT POPN[OUT SAPNJS G ) JO SONISLIdNORILY)) 1] A[qBL



Med Oral Patol Oral Cir Bucal. AHEAD OF PRINT - ARTICLE IN PRESS

Table 1: Characteristics of the 25 studies included in the review. T of S: Type of study. RCT: Randomized clinical trial. d-PTFE: Dense polytetrafluoroethylene. e-PTFE: Expanded polytetrafluoroethylene.

Ti mesh: Titanium mesh. PBL-V: Vertical infraosseous defect. MGCSH: Medical grade calcium sulfate hemihydrate. (Cont.)
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The most common anatomic locations were infraosse-
ous and furcation class II defects, followed by postex-
traction and peri-implant defects. Most of the pro-
cedures were performed in the posterior mandibular
region and in the anterior maxilla.

Regarding the type of intervention, the studies mainly
compared non-resorbable membranes (especially e-PT-
FE and d-PTFE) with resorbable membranes (collagen,
polyglactin 910, polylactide/polyglycolide). In addition,
some studies evaluated variants with titanium mesh
or textile membranes. Of all the studies, 19 used bone
grafts (autogenous, xenografts, allogeneic or combina-
tions), while 6 did not use any additional biomaterial.
In relation to bone formation, the results were variable.
For example, Cucchi et al. [3] reported a vertical gain of
7.8£1.9mm with Ti-PTFE membranes, while 7.4+£2.3mm
was obtained with collagen and titanium mesh. Silvestri
et al. [13] recorded a gain of 4.8+2.1mm with e-PTFE. In
contrast, Van der Zee et al. [9] observed a volume loss of
-0.34mm, which highlights the influence of the type of
membrane, the defect treated and the surgical protocol.
Regarding complications, these were frequent with non-
resorbable membranes. Membrane exposure was the
most reported, present in at least 12 studies, with rates
reaching up to 71% in the study by Friedmann et al.
and 70% in the study by Silvestri et al. [13]. Other com-
mon complications included dehiscence, infection and
gingival recession. In contrast, studies such as those by
Mandarino et al. [20] Vaibhav et al. [21] and Merli et al.
[27] reported no relevant adverse events.

Most studies reported success rates above 90%, especially
in the groups treated with resorbable membranes. How-
ever, the definition of “success” was variable among stud-
ies, including clinical, radiographic or histologic criteria.
Risk of bias in the studies and certainty of evidence

Of the 25 studies included in the review, 11 were at low
risk of bias, whereas 6 presented moderate risk and 8
were classified as high risk (Table 2).

The main sources of bias were associated with meth-
odological limitations related to lack of blinding, small
sample sizes, and lack of long-term follow-up. These
shortcomings compromise the internal validity of the
studies and, consequently, influence the overall certain-
ty of the evidence.

The quality of the evidence was degraded mainly by
these limitations in the design and by the imprecision
of the results.

Quantitative data synthesis

A meta-analysis was performed with the studies that
provided comparable data between membranes. The
following parameters were studied: Bone formation,
success rate and complications.

In the comparison between e-PTFE and collagen mem-
branes, no statistically significant differences were
observed in terms of Bone formation: The mean dif-
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Table 2: Risk of bias in the articles included in the systematic review. +: Low. Un: Unclear. -: High.

Random Allocation Bl.il.nding of Incomplete Selective Other Ge.:neral

Study Sequence Concealment Participants and Outcome Reporting Bias Risk of

Generation Researchers Data Bias
Cucchi et al. 2017 (1) + + + + + + +
Eickholz et al. 2007 (2) - Un Un - Un Un Un
Van der Zee et al. 2004 (9) + Un Un - Un Un Un
Cucchi et al. 2019 (3) Un + + + Un + +
Cucchi et al. 2019 (10) + + Un + Un Un +
Kim et al. 2002 (11) - Un Un - Un - -
Eickholz et al. 2006 (8) Un Un - Un Un -
Carpio et al. 2000 (12) Un + + Un - Un Un
Silvestri et al. 2000 (13) + Un + + Un Un
Couri et al. 2002 (14) + + + Un + Un +
Friedmann et al. 2003 (15) Un + Un + Un + +
Khoury et al. 2001 (16) - Un Un - Un Un
Naenni et al. 2017 (17) Un + Un + + Un Un
Naenni et al. 2021 (18) Un + Un + + Un Un
Jung et al. 2013 (19) + + Un + + Un +
Mandarino ef al. 2018 (20) Un Un Un - Un Un -
Vaibhav et al. 2021 (21) + + Un + + + +
Luongo et al. 2022 (22) Un + + Un Un -
Chen et al. 2004 (23) + + + + + + +
Mazjoub et al. 1999 (24) - Un Un - Un Un -
Dabhlin et al. 2010 (25) + + Un + + + +
Antoun et al. 2001 (26) Un Un - Un Un -
Merli et al. 2014 (27) + + + + + + +
Scott et al. 1997 (28) - Un Un - Un Un -
Strauss ef al. 2025 (29) Un + Un + + + +

ference was -0.09mm; with a 95% confidence interval
(CI): -0.41 to 0.22; P=0.56, although the heterogeneity
between studies was high (12=49%) (Figure 2A).

In the success rate: The risk ratio was 1.00 with a 95%
CI of 0.95 to 1.06; P=0.89, with zero heterogeneity be-
tween studies (12=0%) (Figure 2B). And the complica-
tions: The “risk ratio” was 1.01 with 95% CI: 0.69 to
1.48; P=0.98, with null heterogeneity between studies
(I2=0%) (Figure 2C).

When comparing e-PTFE with pologlactin 910 mem-
branes, no statistically significant differences were
found: Success rate: The risk ratio was 1.03 with a 95%
CI of 0.84 to 1.26; P=0.76, with no heterogeneity be-
tween studies (12=0%) (Figure 3A). And the compli-
cations: The “risk ratio” was 1.00 with 95% CI: 0.02
to 45.50; P=1.00, although heterogeneity among stud-
ies was high (I2=72%) (Figure 3B). And the the com-
parison of e-PTFE with polylactide/pologlactin 910 no
statistically significant differences were found: Success
rate: The risk ratio was 0.98 with a 95% CI of 0.87 to
1.10; P=0.70, with zero heterogeneity between studies
(I2=0%) (Figure 3C).

Discussion

This systematic review compared the clinical efficacy
and complications associated with the use of resorbable
and non-resorbable membranes in guided bone regen-
eration (GBR) procedures. Overall, both showed sat-
isfactory results in bone formation and graft stability,
although with different complication profiles.

Clinical efficacy: Bone formation and graft stability
Regarding treatment efficacy, evaluated by bone forma-
tion and graft stability, no significant differences were
found between resorbable and non-resorbable mem-
branes in studies with follow-up of less than 24 months
[2]. However, the quality of regenerated bone and its
long-term stability remain critical aspects for success [3].
Studies with Ti-PTFE membranes or titanium meshes
showed similar proportions of new bone, residual bio-
material and soft tissue. For example, with a 50:50 mix-
ture of autologous bone and allograft, 39.7% new bone
was obtained with Ti-PTFE and 42.1% with collagen
membrane and titanium mesh [3]. Urban ef al. [30] re-
ported similar results: 36.6% new bone, 16.6% residual
material and 46.8% soft tissue when Ti-PTFE was used
with autogenous bone and DBBM [3].

The optimal healing time continues to be debated, but
an average of 9 months is recommended; 6 months
is acceptable for horizontal and 9 months for vertical
augmentations. Some studies have even reported good
results in vertical augmentations after 6 months [3]. In
the study by Cucchi ef al. [3], the titanium mesh group
showed more bone tissue and less soft tissue than the
Ti-PTFE group, possibly due to better revascularization
associated with resorbable membranes, as opposed to
the greater rigidity of PTFE.

Regarding long-term stability, Kim ef al. [11] observed
that vertical gain with polyglactin 910 remained rela-
tively stable, with a mean loss of only 1.0mm between 6
and 60 months. Similar results were obtained with ePT-
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A
e-PTFE Collagen Mean difference Mean difference
Study or Subgroup Mean sD Total  Mean sD Total Weight IV, Random, 85% CI IV, Random, 5% CI
Carplo et al. 226 0.66 25 265 0.61 23 304% 039[075,-003) — ]
Khoury et al. 28 31 20 18 32 9  15% 090[-159,339)
Naonni ot al 214 208 14 an 233 13 33% -127[(293,038) +————1—
Strauss ol al, 22 o8 12 19 08 12 163%  030(0.34,094) ——
Vaibhav et al. 243 0128 1 242 0 16 485%  001(0.08,0.10) 3
Total (Waid®) 87 73 1000%  -0.00 [0.41,0.22) T
Test for overall eflect: Z = 0.58 (P = 0,56) 2 « 0 1 F

Hetarogeneity: Tau* (REMLY) = 0.05; ChF = 8.10, df = 4 (P = 0.08), I" = 49%

Footnotes
8CI calcutated by Wald-type method.
bTaut cak d by Maximum-Likelihood method.
B
e-PTFE Collagen Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Carpio et al. 20 25 18 23 38% 1.02(0.76 , 1.37] —f—
Dahlin et al., n 12 ) B 3.3% 1.05[0.77 , 1.43] S W —
Friedmann et al. 13 13 14 14 18.9% 1.00 [0.87 , 1.15) ——
Jung et al. 19 21 17 18 75% 1.01[0.82 , 1.24) ——
Khoury et al. 20 20 9 9 13.0% 1.00 (0.85,1.17) —
Merli et al. mn mn n 11 115% 1.00[0.85, 1.18) ——
Naenni et al (2). 14 14 13 13 189% 1.00 [0.87 , 1.15) —p—
Naenni et al. 10 n 8 g 3.6% 1.02 [0.76 . 1.38) ——
Vaibhav et al. 16 16 16 16 235% 1.00[0.89,1.12) —
Total (Wald?) 143 122 1000%  1.00[0.95, 1.06]
Total events: 134 13
Test for averall effect: Z = 0.14 (P = 0.89) o5 o7 1 15 2
Test for subgroup differences: Not applicable e-PTFE Collagen
Heterogenelty: Tau* (REMLY) = 0.00; Chi* =0.12,df =8 (P = 1.00); ¥ =0%
Footnotes
Cl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.
Cc
Experimental Control Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Carpio et al, 3 25 2 23 51%  1.38(0.25,753 B
Dahlin et al. 0 12 0 8 Not estimable
Friedmann et al. E] 13 9 14 51.6% 1.08 [0.63, 1.83] -
Jung et al. 2 21 2 19 42% 0.90[0.14 ,5.81] —_—
Khoury &t al, 12 20 5 9 31.2% 1.08 [0.54 , 2.14] ——
Merli et al. 0 " 0 1" Not estimable
Naenni et al (2). 2 14 4 13 6.3% 046 [0.10, 2.12] o
Naenni et al. 0 " 1 9 15% 0.28 [0.01,6.10] —
Vaibhav et al. 0 12 0 8 Not estimable
Total (Walda) 139 114 100.0% 1.01 [0.69 , 1.48]
Total events: 28 23
Test for overall effect: Z = 0.03 (P = 0.98) 001 o1 H Py —. S
Test for subgroup differences: Not applicable e-PTFE Collagen

Haterogenalty: Tau® (REMLD) = 0.00; Chi* = 1.91,df = 5 (P = 0.86); F = 0%

Footnotes
2Cl caiculated by Wald-type method,
bTau? calculated by Restricted Maximum-Likelihood method.

Figure 2: (A) Meta-analysis of bone formation comparing e-PTFE membranes versus collagen membranes. (B) Meta-
analysis of success rate comparing e-PTFE membranes versus collagen membranes. (C) Meta-analysis of complications
comparing e-PTFE membranes versus collagen membranes.
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A
e-PTFE Polyglactin Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Eickholz et al. 12 15 12 16 48.2% 1.07 [0.73, 1.56) —_—t—

kim et al. 12 12 12 12 51.8% 1.00 [0.86 , 1.17)
Total 27 28 100.0% 1.03 [0.84 , 1.26]
Total events: 24 24
Test for overall effect: Z= 0.31 (P = 0.76) 0j5 0t7 1 1?5 é
Test for subgroup differences: Not applicable e-PTFE Polyglactin
Heterogeneity: Chi* = 0.19, df = 1 (P = 0.66); I* = 0%

B

e-PTFE Polyglactin Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Welght IV, Random, 95% CI IV, Random, 95% ClI
Eickholz et al. 0 15 3 15 49.9% 0.14[0.01,255] +—@—1—
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Tes! for overall effect: Z = 0.00 (P = 100) 0"01 0?1 i 1‘0 15“)
Test for subgroup differences: Not applicable e-PTFE Polylactide/ polyglycolide
Heterogeneity: Tau* (REMLY) = 5.43; Chi* = 3.53, df = 1 (P = 0.06); IF = 72%
Footnotes
aCl calculated by Wald-type method.
bTau* caiculated by Restricted Maximum-Likelihood method.

C

o-PTFE Polylactide/polyglycolide Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chen et al. 1" 12 23 24 49T7% 0.96[0.79, 1.16)
Van der Zee et al. 15 15 15 15 503% 1.00(0.88, 1.13)
Total 27 39 100.0%  0.98 [0.87,1.10)
Total events: 26 38 ) .
Test for overall effect: Z = 0.38 (P = 0.70) 05 07 1 15 2
Test for subgroup differences: Not applicable e-PTFE Polylactide/polyglycolide

Heterogeneity: Chi* = 0.17, df = 1 (P = 0.88); I = 0%

Figure 3: (A) Meta-analysis of success rate comparing e-PTFE membranes versus pologlactin 910 membranes. (B) Meta-analysis of compli-
cations comparing e-PTFE membranes versus pologlactin 910 membranes. (C) Meta-analysis of success rate comparing e-PTFE membranes

versus polylactide/pologlactin 910 membranes.

FE membranes: Losses of 0.9mm between 12 and 24
months [17], and 1.2mm after ROG versus 1.3mm after
conventional surgery [18]. These losses were mainly re-
lated to smoking or low adherence to maintenance [11].
Kim et al. [11] also studied the IL-1 polymorphism,
linked to an increased inflammatory response. In the
study by Sanctis et al. [31], 75% of patients were geno-
type-positive, compared with the expected 33%. Only
two negative patients showed significant loss, which re-
inforces the role of this polymorphism as a risk factor.

In simultaneous ROG and implant installation pro-
cedures, Naenni ef al. [17] documented a significant
reduction of the bone defect (2.14-3.41mm) from ini-

tial surgery to reentry. Although both groups lost
horizontal thickness, it was less in the group with-
out resorbable membrane (N-RES), suggesting that
collagen membranes may collapse even with bone
support. At 5 years, bone changes were minimal,
but more stable in the N-RES group (-0.24mm vs.
-0.28mm in RES), possibly because of the greater
barrier capacity of ePTFE [18].

In the long term, Jung et al. [19] reported a survival
rate of 93% at 12.5 years, higher than that of other stud-
ies reporting 89.3% at 10 years and 82.9% at 16 years,
demonstrating the potential for ROG stability over time.
-Complications according to membrane type
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The choice of membrane type implies different com-
plication profiles. Non-resorbable membranes, such as
ePTFE and titanium meshes, have a higher rate of ex-
posure, which may compromise bone regeneration [1].
These exposures, both early and late, are the main cause
of procedure failure and can lead to infections, abscess-
es or total graft loss, even without visible exposure [1]
Exposure rates range from 0-45% for PTFE membranes
and 12-50% for titanium meshes, according to Strauss
et al. Simion et al. and Roccuzzo et al. [29, 32, 33]. In
early exposures (first 4 weeks), a direct correlation was
observed between the exposed area and bone loss, with a
deficit of 16.3% per cm? exposed. Paresthesias were also
reported (one with d-PTFE, three with Ti mesh), linked
to closures under tension or surgical difficulty [1].
Collagen membranes had more implant exposures,
although less dehiscence than ePTFE during the first
six months. Similar results were obtained by Zitzmann
et al. [34] Fixation with polylactic acid pins improved
healing (63.6% vs. 28.6% in unfixed membranes), re-
ducing postoperative micromovement [9].

Another disadvantage of non-resorbable membranes is
the need for a second surgery for their removal, which
can induce gingival recession and flap necrosis. In ad-
dition, they require intensive surveillance in case of
exposure or suppuration, since spontancous healing is
limited [23, 24]. Strietzel [35] reported exposure rates
of up to 50% with ePTFE membranes. In contrast, bio-
degradable membranes favored a more predictable heal-
ing without the need for removal for Simion et al. [36].
In combination with enamel matrix derivatives (DBBM),
collagen membranes achieved defect resolution rates of
85-96%, higher than those observed with non-resorbable
membranes, which had greater exposure and less bone
fill [10, 37]. Despite a higher number of dehiscences with
collagen (30% vs. 14%), thickness loss was lower in the
N-RES group, indicating greater dimensional stability.
The collapsibility of resorbable membranes remains a
limitation, even with support [10].

Although ePTFE membranes have proven clinical success,
their vulnerability to bacterial colonization due to their
macroporosity compromises outcomes [10]. Survival rates
with these membranes vary between 79.4% and 100%, but
they present greater bone loss associated with soft tissue
complications. In contrast, collagen membranes achieved
a rate of 95.4% in the study by Zitzmann et al. [38].

After the date our search was completed, a new trial
was published by Hindryckx et al. [39] comparing dPT-
FE and collagen membranes in lateral bone augmenta-
tions in the maxillary anterior region. Although both
groups showed similar results in terms of bone gain at
9 months, the group treated with dPTFE had a higher
rate of infections (33%, P=0.019), which reinforces the
evidence on the complications associated with the use
of non-resorbable membranes.

Membrane outcomes in guided bone regeneration

In immediate implants, exposures were observed in ar-
eas with connective tissue grafts (9.7%), with abscesses
in 3.2% and reduction of bone volume in exposed areas.
Only one out of four areas showed unsatisfactory regen-
eration, suggesting that resorbable membranes might
offer better protection against bacterial migration in
case of exposure [23].

Finally, although with small samples, the data indicate
that smokers have a worse response to regenerative thera-
py, regardless of the type of membrane. Tonetti ez al. [40]
observed lower long-term clinical gains in smokers with
ePTFE membranes, despite similar bone regeneration.
The findings of the meta-analysis indicate that there are no
statistically significant differences between collagen and
e-PTFE membranes in terms of bone formation (mean dif-
ference: -0.09mm; 95% CI: -0.41 to 0.22; P=0.56), success
rate (RR=1.00; 95% CI: 0.95 to 1.06; P=0.89) and compli-
cations (RR=1.01; 95% CI: 0.69 to 1.48; P=0.98), with null
heterogeneity for the last two parameters (12=0%).
Similarly, when comparing e-PTFE with polyglactin
910, no statistically significant differences were found
in the success rate (RR=1.03; 95% CI: 0.84 to 1.26;
P=0.76; 12=0%) or in the occurrence of complications
(RR=1.00 with 95% CI: 0.02 to 45.50; P=1.00), although
it showed high heterogeneity (12=72%), suggesting
some variability between studies. Finally, in the com-
parison between e-PTFE and polylactide/polyglycolide,
no significant differences were found in the success rate
(RR=0.98; 95% CI: 0.87 to 1.10; P=0.70; 12=0%).

An important limitation of this review is the method-
ological heterogeneity among the included studies, both
in sample size and in the type and location of the bone
defects treated. Similarly, the diversity in the biomaterials
used, the follow-up time and the variability in the surgical
techniques employed make direct comparison of the re-
sults difficult. The scarcity of clinical trials with long-term
follow-up also represents a disadvantage in establishing
definitive conclusions on the stability of the results over
time. In addition, study selection was primarily conducted
by a single reviewer, with consultation in cases of uncer-
tainty, which may have introduced a risk of selection bias.
Sensitivity and subgroup analyses were limited by the
heterogeneity of study designs, membrane types, outcome
measures, and the relatively small number of comparable
studies available form quantitative synthesis. Neverthe-
less, the certainty of evidence was assessed at the outcome
level using the GRADE approach, providing a structured
evaluation of the confidence in the estimated effects.
Future research should focus on randomized clinical tri-
als with a larger sample size and long-term follow-up to
compare the efficacy and complications associated with
the different types of membranes. It would also be op-
portune to delve into the impact of systemic and genetic
factors, such as IL-1P polymorphism on the success of
bone regeneration.
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In conclusion, both resorbable and non-resorbable mem-
branes are effective and achieve predictable bone regen-
eration, with high success rates in most studies. Since
there are no statistically significant differences, the choice
of membrane type should be individualized according to
the defect, the type of intervention and the patient's clinical
history. This is due to the differences in the complication
profile, especially the higher frequency of exposures and
infections with non-resorbable membranes, even though
they offer greater dimensional stability and the need for
a second surgery for their removal. In contrast, resorbable
membranes have a lower rate of complications.
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