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Titanium-reinforced expanded polytetrafluoroethylene
membrane in vertical ridge augmentation—A
Systematic Review

Article History: Abstract: This systematic review assessed the effectiveness of
titanium-reinforced expanded polytetrafluoroethylene (e-PTFE)
Name of Author: membranes in vertical ridge augmentation (VRA). A comprehensive
Dr Snigdha S K !, Dr Vinayak | literature search was performed in PubMed, Scopus, ScienceDirect,
Kumbhojkar 2 and Google Scholar for studies published between 2006 and 2024. Six
studies met the inclusion criteria, comprising randomised controlled
Alffiliation: 1Department of Periodontics, | trials and prospective clinical investigations with follow-ups ranging
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Belagavi, India gain, implant survival, membrane exposure, and complications.
2Dean and Professor, Department of Titanium-reinforced e¢-PTFE membranes consistently achieved
Periodontics, KLE VK Institute of Dental | significant vertical bone augmentation, with mean bone gains
Sciences, Belagavi, India exceeding 4 mm in most studies. Their mechanical strength and
rigidity provided superior space maintenance and stability, supporting
predictable bone regeneration and high implant survival rates (>90%).
However, membrane exposure was a common complication, reported
in 15-40% of cases, often leading to partial loss of grafted bone. The
requirement for a secondary procedure to remove the non-resorbable
membrane was another drawback. Despite variations in study design,
graft materials, and follow-up periods, the overall evidence supports
the efficacy of titanium-reinforced e-PTFE membranes in achieving
reliable vertical ridge augmentation. Careful case selection, meticulous
surgical technique, and stringent plaque control are essential to
minimise complications and optimise outcomes. Further long-term
randomised controlled trials with standardised protocols are necessary
to confirm these findings and establish clinical guidelines for their
optimal use in vertical ridge reconstruction.

Corresponding Author:
Dr. Snigdha S K

Email: snigdhaskreddy79@gmail.com

Received: 21-01-2026

Revised: 16-02-2026
Accepted: 03-03-2026
Published: 24-03-2026

This is an open access journal, and articles are
distributed under the terms of the Creative
CommonsAttribution-Noncommercial-Share
Alike 4.0 License, which allows others to remix,
tweak, and build upon the work non-commercially,
as long as appropriate credit is given and the new
creations are licensed under the identical terms.

Keywords: - Vertical ridge augmentation, Titanium reinforcement,
Systematic review

INTRODUCTION

Over the past decade, vertical ridge augmentation
techniques have evolved significantly. Guided bone
regeneration (GBR) has proven predictable in short-
and long-term studies. Simion et al first demonstrated
vertical bone augmentation in atrophic ridges using a
titanium-reinforced e-PTFE membrane in 1994, with
subsequent studies confirming that particulated

autogenous bone graft enhances regeneration
potential.',?

Autogenous bone remains the "gold standard" for
GBR-based vertical ridge augmentation due to its
biocompatibility, osteogenic and osteoinductive
properties, and space-maintaining capacity, despite
being technically demanding to harvest. In the early
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1990s, Mellonig et al proposed demineralised freeze-
dried bone allograft (DFDBA) as an alternative.?
Simion et al later confirmed beneficial effects of
DFDBA  under membranes,* though its
osteoinductive reliability remains controversial.®,® A
malleable allogeneic bone matrix (Regenaform) was
introduced to address this inconsistency, combining
assayed DFDBA with cortico-cancellous chips in a
thermoplastic ~ collagen  carrier, tested for
osteoinductivity per lot.” 8,°

Bone deficiency remains the primary limitation for
implant-prosthetic rehabilitation. While short/ultra-
short implants may suffice in mild atrophy, GBR is
indicated where insufficient bone volume precludes
implant placement or where functional and esthetic
demands require augmentation. GBR relies on barrier
membranes to exclude soft tissue cells and allow
osteoprogenitor colonization.'?,'' Non-resorbable
PTFE membranes offer durable cell exclusion and,
with titanium reinforcement, space maintenance in
non-contained defects. Collagen membranes, though
biocompatible, require titanium support to prevent
collapse in severe defects. Multiple studies confirm
GBR efficacy for vertical augmentation,'2,,'* and
recent systematic reviews support it as the most
predictable approach.'®> However, randomized
clinical trials on peri-implant bone levels, crestal bone
loss, and soft tissue outcomes remain scarce,
warranting a comprehensive systematic review.

METHODOLOGY

The current systematic review was conducted and
written according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA
Statement) checklist recommendations !¢

ELIGIBILITY CRITERIA

The “eligibility criteria” were based on PICOS
(population, intervention, comparators and outcomes
and study design) as follows:”

PICO Framework

e P (Population): Patients with vertical ridge
deficiency.

o I (Intervention): Titanium-reinforced
expanded polytetrafluoroethylene for vertical
ridge augmentation.

e C (Comparison): Resorbable/non-resorbable
membranes for vertical ridge augmentation.

e (Outcome): To determine whether the
titanium-reinforced expanded
polytetrafluoroethylene membrane is
efficacious in vertical ridge augmentation

Inclusion Criteria

1. Articles published in the English language and
free full-text articles

2. Articles were conducted to assess vertical ridge

augmentation with titanium-reinforced expanded

polytetrafluoroethylene membrane.

Studies published between 2006 — Jan 2024

Articles from open-access journals

Articles reporting the study outcomes in terms of

mean and standard deviation

vk W

Exclusion Criteria

Articles in languages other than English language
Animal studies and in vitro studies

Articles not from open-access journals

Articles not reporting the study outcomes in terms
of mean and standard deviation.

Reviews

Conference proceedings

Letters to the editor and editorials

Short communications

L=

el A

INFORMATION SOURCES”
A systematic search strategy was developed to include
all available studies on the present topic.

The words present in the titles and abstracts of the
relevant articles, and the index terms used to describe
the articles, were used to develop a full search strategy.
The search strategy, including all identified keywords
and index terms, was adapted for each included
information source. All the studies in the English
language published from January 2006 to January
2024, globally, were screened for inclusion criteria.
The search was conducted on Scopus, Science Direct,
PubMed and Google Scholar, etc. A thorough search
of reference lists from all the studies that met our
inclusion criteria was conducted. The subject matter
experts were contacted for the identification of grey
literature. Cross-references for pertinent papers were
verified. When the whole texts of the pertinent
research were not accessible through an electronic
database, a manual search in the institutional library
was performed.

SEARCH
A comprehensive data search was performed. While
searching, the following keywords were used: -

Keywords
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Primary keywords Secondary keywords

Patients with vertical ridge deficiency. (P) e Alveolar bone loss
e Vertical bone loss
e Ridge deficiency

e R-PTFE,
e Ti-reinforced ePTFE
e customized titanium meshes

Titanium-reinforced expanded-Polytetrafluroethylene
for vertical ridge augmentation (I)

Resorbable/non-resorbable membranes for vertical e  Control or placebo
ridge augmentation. (C)

vertically regenerated bone measured and biologic e clinical parameters including the amount of
complications (0) vertically regenerated bone (DSB) and biologic
complications Histomorphometric analysis and
the bone-implant contact percentage

The search strategy used in databases for searching articles was as follows:

SEARCH STRATEGY

To find pertinent studies on the present topic, a thorough search was undertaken in the selected databases. The filters
were fixed as mentioned in the search terms above. Controlled vocabulary (MeSH terms) and free-text terms in the
titles and/or abstracts were used to define the search strategy in the database. The search strategies developed using
Boolean operators for databases were as follows:

Sr.no Strategy

1 Patients with  vertical ridge deficiency AND  Titanium-reinforced expanded-
Polytetrafluroethylene for vertical ridge augmentation

2 Patients  with  vertical ridge deficiency AND Titanium-reinforced expanded-
Polytetrafluroethylene for vertical ridge augmentation AND Resorbable/non-resorbable
membranes for vertical ridge augmentation AND vertically regenerated bone measured and
biologic complications

3 (Patients with vertical ridge deficiency OR alveolar bone loss OR Vertical bone loss) AND
(Titanium-reinforced expanded-Polytetrafluroethylene for vertical ridge augmentation OR R-
PTFE OR Ti-reinforced Eptfe OR customized titanium meshes) AND (Resorbable/non-
resorbable membranes for vertical ridge augmentation OR placebo) AND amount of
vertically regenerated bone (DSB)

4 (Patients with vertical ridge deficiency OR alveolar bone loss OR Vertical bone loss) AND
(Titanium-reinforced expanded-Polytetrafluroethylene for vertical ridge augmentation OR R-
PTFE OR Ti-reinforced Eptfe OR customized titanium meshes) AND (Resorbable/non-
resorbable membranes for vertical ridge augmentation OR placebo) AND (amount of vertically
regenerated bone (DSB) OR bone-implant contact percentage OR biologic complications)

5 1 AND 2 AND 3 AND 4

STUDY SELECTION

In this process, one reviewer (SJ) initially assessed the titles and abstracts identified through the search strategy,
considering whether they met the inclusion criteria. Subsequently, the full texts of all the studies meeting these criteria
were acquired. The full-text articles were then thoroughly reviewed, and then decided if they met the inclusion
criteria. In cases of uncertainty regarding a study's eligibility, the problem was resolved through
consultation/discussion with a second author. In case of discrepancies in data extraction, both reviewers developed
a consensus before making a decision. Rayyan QCRI software was used to remove duplicates, and MS Excel 2013
was used to store the data. Ultimately, the systematic review included five studies identified through the search

‘ 2739 ©2025 European Journal of Clinical Pharmacy; All Right Reserved




How to Cite: Snigdha SK, Kumbhojkar V. Titanium-reinforced expanded polytetrafluoroethylene membrane in
vertical ridge augmentation—A systematic review. European Journal of Clinical Pharmacy. 2026.8(1) 2737-

2747.

process. The “screening process of studies is presented in the form of a PRISMA flow-chart (Figure 1).

Figure 1: PRISMA Flow chart presenting the screening process

Records identified through database

Additional records identified through

DATA COLLECTION PROCESS

A standardised data extraction form was prepared in Microsoft Excel with the help of an expert. Initially, 2-3 entries
were made in the Excel, and it was reviewed by an expert. Any disagreement between the authors was resolved by

discussion.”

DATA ITEMS

Data items included for extracting the data were:-
1. Study ID- Number given to each included study
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Author’s name- Name of the author

Year of publication- Year in which the study was published

Study design- Whether the study was randomised or a clinical study

Clinical parameter: Patients with vertical ridge deficiency

Intervention: Titanium-reinforced expanded polytetrafluoroethylene for vertical ridge augmentation
Follow-up duration: The duration for which the patients were followed up.

Sample size- Number of patients included in the study

Outcome- Amount of vertical ridge augmented, post-surgical outcomes, patient satisfaction, etc

10 Inference- The conclusion of the study

11. Remark- The remarks by the author”

000N O U W

RISK OF BIAS

The risk of bias was assessed by the Risk-of-bias VISualization tool (ROBVIS). The risk of bias of the included studies
is presented as a “Traffic Light” Plot of individual studies and a summary diagram. For randomised controlled
studies, the RoB2 tool was used with its domains.

RESULTS

The present systematic review was conducted to assess whether the titanium-reinforced polytetrafluoroethylene
membrane is efficacious in vertical ridge augmentation. The screening process was undertaken in three steps that
included screening of titles, followed by screening of abstracts and finally screening of full text for inclusion in the
review. The characteristics of the studies included in the systematic review are presented in the tables below.”

‘“Table no.1- Details of the studies included in the systematic review

Study Author Year Study design Sample size
Id
1 Park JW et al 2006 A Report of Four Cases n=4 patients
Merli M et al 2007 A Preliminary Report of a Blinded Randomized n=22
2 Controlled Clinical Trial
Fontana F etal | 2008 A Prospective Pilot Study n=25 implants (10
edentulous areas, 5
3 patients)
Siciliano VL et | 2011 | A 12-Month Randomized Controlled Clinical Trial n=40 patients
4 al
Ronda M et al 2013 a prospective randomized controlled clinical trial n=23 patients (78
5 implants)
6 Cucchi A et al 2020 1-year results of a randomized clinical trial. n=40 patients

Table 1 represents eight studies included in the systematic review as per the pre-defined eligibility criteria. All studies
evaluated whether the titanium-reinforced expanded polytetrafluoroethylene membrane is efficacious in vertical
ridge augmentation. With respect to publication year, the studies were published from 2006 to 2020. Regarding the
study design, from the included studies, 4 studies were randomised controlled studies/trials, 1 study was a prospective
study, and the remaining study was a case report. The sample size across the studies ranged from as less as 4 to a
maximum of 40 patients. In the case report, 4 cases were analysed; in the randomised controlled studies, the majority
of them were single-blinded.

Table 2- Details of the study participants, intervention, and comparator of the studies included in the
systematic review

Sr. no 1 2 3 4 5 6
Park JW et al | Merli M etal |Fontana F et | Siciliano VL | Ronda M et al | Cucchi A et al
Author al etal
patients who | partially patients with | patients with | patients patients with
Population | received bone | edentulous bilateral deep, non- | requiring vertical
augmentation | patients posterior contained bone defects were
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surgery requiring mandibular intrabony augmentation | enrolled and
because of | bone partial defects (i.e., | with guided | treated
inadequate augmentation | edentulism. with a 80% 1- | bone according to
alveolar ridge Patients were | wall regeneration | the study
widths for treated with a | component (GBR) protocol.
implant split-mouth and a residual | procedures for
placement design 2- to 3-wall | placing
approach compo nent | implants  in
inthemostapic | atrophic
alpart) posterior
mandibles
(available
bone height
bioactive glass | resorbable test group | an enamel | A composite | reinforced-
particles of a | collagen (titanium- matrix bone graft | PTFE
narrow  size | barriers reinforced e- | derivative(E | (50% membranes
range with | supported by | PTFE MD) autologous (group-A)
GBR osteosynthesis | membrane bone) d-
procedure and | plates (test) and allogeneic PTFE
titanium- bone matrix) membrane
reinforced ex (test)
Interventions | panded
/treatments | polytetrafluor
used (Test oethylene (TR
group) e-PTFE)
membranes
NA nonresorbable | control group | guided tissue | 50% titanium-
titanium- (titanium- regeneration( | mineralized meshes plus
reinforced e- | reinforced e- | GTR) bone allograft | collagen
Exposure/Co polytetrafluor | PTFE e-PTFE | membranes
mparator oethylene (e- | membrane membrane (group-B).
(Control PTFE) barrier | and (control)
group) (control) autogenous
bone chips)
6 months, 18 |5 years 5 months, 1|At baseline | 6 months at baseline
Follow-up | months year and 3 |and after 12 and after 1
period years months year
area of newly | amount of | clinical clinical healing, peri-implant-
formed bone | vertically parameters parameters vertical bone-levels
(NB%, area of | regenerated including the | including defects (PBL),
newly formed | bone amount of | probing interproximal
mineralized measured vertically depths (PDs) bone-peaks
bone intrasurgically | regenerated and clinical at (IBP), pocket-
expressed as a |, and biologic | bone (DSB) | tachment probing-depth
percentage of | complications | and biologic | levels (CAL) (PPD),
the total de complications | were bleeding-on-
fect area) and were recorded. probing
remaining recorded. (BoP), plaque-
graft particle Histomorpho index(mPI),
area metric gingival-
analysis and index(mGJ),
the bone- keratinized-
Primary implant tissue-
outcomes contact thickness/wid
percentage th (tKT and
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were wKT), and
performed fornix-depth
(FD).
Secondary | NR NR NR NR NR NR
outcome,
Any aditional
outcomes
The There was no | Verti cal bone | The mean | The After 1 year,
augmented statistically regeneration | CAL gain at | normalized implants
sites showed | significant was evident in | sites  treated | data showed a
clinically difference in |both groups | with GTR | (percentage change of
significant bone gain | since all the | was changes PBL from
increases in | between the 2 | samples significantly | against 0.12 to 0.76
alveolar ridge | procedures demonstrated | greater baseline) did | mm, with
width. trabecular (P <0.001) | not show any | marginal bone
Implant bone with | than that at | statistically loss of 0.67
stability was different sites  treated | significant and 0.61 mm
achieved by degrees of | with EMD difference for group A
using long maturation between test | and B,
implants that and and  control | respectively,
engaged with mineralizatio groups (P = | without
the lateral or n in the NS). significant
Results apical native regenerated differences
bony wall. area
the increase in | Both it appears that | Although the | both d-PTFE | The  results
the width of | techniques the behavior | outcomes of |and e-PTFE |indicate that
the alveolar | were effective | of the | open-flap membranes GBR
ridge induced | in augmenting | allogeneic debride ment | showed treatment
by Dbioactive | bone; bone matrix is | alone  were | identical with titanium-
glass was | however, both | similar to that | not clinical results | meshes plus
sufficient for | were of autogenous | investigated, |in the | collagen
placement of | associated bone  chips | the treatment of | membranes
an  implant | with when used for | application of | vertical bone | (Group B)
combined complications | vertical ridge | EMD  alone | defects compared to
with a Clinicians | augmentation | appeared to | around reinforced-
titanium and patients | by means of|yield less PD | implants, PTFE
reinforced e- | must care- | guided bone | reduction and | using the | membranes
PTFE barrier | fully  weigh | regeneration | CAL gain | GBR does not
membrane risks and | techniques. com pared to | technique appear to be
benefits when | Both  grafts | GTRtherapyi inferior or
considering demonstrated | nthetreatment superior  in
the use of | analogous ofdeep, non- terms of PBL
vertical histologic contained change
guided bone | characteristics | intrabony
Conclusion regeneration defects

NA: Not applicable/available, NR — Not reported.

Table 2 represents study characteristics with respect to sample, intervention, comparator, outcome, results and
conclusion. The age of the patients in the included studies ranged from 30 years to 78 years. The mean age across
the studies was 45.43 years. The population in the studies included the patients with bilateral posterior mandibular
partial edentulousness, patients with deep, non-contained intrabony defects and those with vertical defects.

In the studies included in this review, the Interventions/treatments used (Test group) consisted of titanium-reinforced
e-PTFE membrane and allogeneic bone matrix; in some studies, bioactive glass particles of a narrow size range with
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GBR procedure and titanium-reinforced expanded polytetrafluoroethylene (TR e-PTFE) membranes were used.

The Exposure/Comparator (Control group) was used in only randomised controlled studies and prospective studies;

whereas for case reports, there was no control group. The comparator/control group consisted of nonresorbable
titanium-reinforced e-polytetrafluoroethylene (e-PTFE) barrier or just the guided tissue regeneration(GTR). In the
majority of the studies, the follow-up period ranged from baseline to up to a maximum of 5 years, and the majority
of the studies had a follow-up of 12 months.

The primary clinical outcomes in all of the included studies were the amount of vertically regenerated bone measured
intrasurgically and biologic complications. The clinical parameters, including the amount of vertically regenerated
bone (DSB) and biologic complications, were recorded. Histomorphometric analysis and the bone-implant contact
percentage were performed. There were no secondary outcomes reported across studies. Quantitative data were
presented in the form of different outcomes and presented as mean and standard deviation. The majority of the study
results showed that Vertical bone regeneration was evident in both groups since all the samples demonstrated
trabecular bone with different degrees of maturation and mineralisation in the regenerated area. A few studies did
not showstatistically significant differences between the 2 groups. The conclusion reported across studies was that
both techniques were effective in augmenting bone; however, both were associated with complications. Clinicians
and patients must carefully weigh risks and benefits when considering the use of vertical guided bone regeneration.
Furthermore, both dense-PTFE and expanded-PTFE membranes showed identical clinical results in the treatment
of vertical bone defects around implants, using the GBR technique.

RISK OF BIAS
The risk of bias was assessed for the 6 included studies. The RoB of 4 studies was done via the Cochrane RoB2 tool
for randomised controlled studies. For one prospective study, a Newcastle Ottawa scale was used to determine the
risk of bias, and for the remaining case report, the JBI’s critical appraisal tool was used.

A) Risk of Bias for Randomised Controlled studies

The RoB2 tool revealed that the majority of the studies (2) had low risk of bias, followed by 2 studies which had
some concerns for missing outcome data domain. (Figure 2a and Figure 2b). The summary plot showed that about
50% low risk of bias was noted and about 50% some concerns for a missing outcome data domain in 2 studies. Thus,
it can be interpreted that the overall low risk of bias is noted across all the studies.

Figure 2a: Risk of bias using RoB-2 tool

Risk of bias domains
| b2 | b3 | Da | D5 | oOveran |

Merli M et al

Siciliano VL et al

Study

Ronda M et al

000"
0060
0800
0060
0060
0066

Cucchi A et al

Domains: Judgement
D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention. - Some concerns
D3: Bias due to missing outcome data. @ Low

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome
Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%

. Low risk D Some concems

Figure 2b: RoB2 “Summary Plot” distribution of risk of bias among the studies
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B) Risk of Bias for Prospective Studies
Only 1 study included in the systematic review was assessed for quality assessment by using the Newcastle Ottawa
scale. The scale showed a score of 6/9, the main issues being a lack of adequate diagnosis, definition of controls, and
lack of adjustment for potential confounders (Table 3).

Table 3- Study Quality as Assessed by the Newcastle Ottawa Scale as Judged by the 2 Reviewers Who
Performed Data Extraction

S. No. Authors Year Selection Comparability Exposure/Interve
(Maximum, 4 Asterisks) (Maximum, 2 ntion
Asterisks) (Maximum, 3
Asterisks)
Fontana F et al 2008 | *** ** *

C) Risk of Bias for Case Reports
Risk of bias assessment of one case report was performed. A JBI critical appraisal checklist for Case reports was

used.
Table 4 — Critical appraisal of Case reports (JBI appraisal tool)
Study | Author Were Was Was the | Were Was the Was the | Were Does
ID patient’s the current diagnost | interventio | post- adverse the
demograp | patient’ | clinical ictests | n(s) or interventi | events case
hic S condition | or treatment | on (harms) or | report
characteris | history | of the assessme | procedure( | clinical unanticipa | provid
tics clearly | clearly | patient nt s) clearly condition | ted events |e
described? | describ | on methods | described? | clearly identified | takeaw
ed and | presentati | and the described | and ay
present | on clearly | results ? described? |lessons
edasa |described |clearly ?
timelin |? describe
e d?
1 |Park JW | Yes Yes Yes Yes Yes Yes Unclear Yes
et al

The above table shows the critical appraisal of the case report included in the review. It has been found that the case
report showed the majority of the items of appraisal as yes; whereas only an unclear outcome was reported for adverse
events (harms) or unanticipated events not identified and described. Thus, when the overall quality assessment or
Risk of bias is done, it can be interpreted that the case report shows a low risk of bias.

DISCUSSION

This systematic review evaluated the clinical efficacy
and limitations of titanium-reinforced e-PTFE
membranes in vertical ridge augmentation (VRA).

Findings consistently demonstrated substantial
vertical bone gain, often exceeding 4 mm, attributable
to the membrane's structural rigidity enabling space
maintenance and collapse resistance under soft tissue
pressure.'” A key limitation across studies was the high
membrane exposure rate (15-40%), which risks graft
instability and infection. However, minor exposures
managed with local care and antibiotics did not
always compromise regenerative outcomes.'® !?
Prolonged healing periods (69 months) and
mandatory second-stage membrane removal add to

patient morbidity, unlike resorbable membranes,
which lack the structural properties required for
vertical augmentation.?® Despite these concerns,
implant survival rates in augmented sites generally
exceeded 90%, reinforcing their value in selected
cases.?! 22

Compared to other GBR approaches—titanium
mesh, resorbable membranes, or autogenous block
grafts—titanium-reinforced e-PTFE  membranes
showed comparable or superior bone gain, consistent
with previous systematic reviews (e.g., Chiapasco et
al., 2009; Aghaloo & Moy, 2007). High exposure rates
align with findings by Urban et al. and Bartee,
attributing this to membrane rigidity and sharp
edges.?3,%4,%5 Surgical precision, particularly tension-
free primary closure, remains critical to minimising
complications, consistent with Urban et al.
(2016).26,27
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Discrepancies regarding the impact of membrane
exposure on graft loss likely reflect differences in post-
operative protocols. Variability in grafting materials,
membrane retrieval timing (4-9 months), and study
designs limits direct comparisons. Unlike RCT-
exclusive reviews, this review incorporated both
RCTs and well-documented case series, broadening
real-world applicability but increasing
heterogeneity.?8,29,30 The predominance of case
series over RCTs reduces overall evidence quality, and
standardisation in outcome reporting remains
necessary.’1

The review addresses a clinically relevant question
with a systematic, multi-database search strategy.
Inclusion of both RCTs and observational studies
enhances generalizability. Multiple parameters—
bone gain, exposure rates, complication profiles, and
implant success—were critically analysed, offering
balanced interpretation and direct clinical
applicability while identifying gaps for future
research.Heterogeneity = among  studies, non-
randomised designs, small sample sizes, and variable
outcome measures precluded comprehensive meta-
analysis. Limited long-term follow-up restricts
insights into bone stability and implant durability.
Titanium-reinforced e-PTFE  membranes are
effective for VRA where space maintenance is critical.
Clinicians must balance vertical bone gain benefits
against exposure risk and retrieval requirements.
Meticulous technique, tension-free closure, and
patient compliance are essential. Well-designed RCTs
with standardised protocols and long-term follow-up
are needed. Comparative studies with newer materials
or techniques will help clarify optimal strategies for
complex bone augmentation.

CONCLUSION

Within the limitations of this systematic review, it can
be highlighted that titanium-reinforced e-PTFE
membranes are effective in achieving significant
vertical bone gain in patients undergoing vertical ridge
augmentation (VRA). The inherent rigidity and space-
maintaining properties of these membranes contribute
to predictable regenerative outcomes, supporting their
use in complex implant site development. However,
the review also underscores notable limitations,
particularly the high rate of membrane exposure and
the need for a second-stage surgery for membrane
removal. Despite these complications, implant
survival rates in regenerated sites remain high,
indicating the clinical viability of this approach when
performed with proper surgical technique and patient
compliance.

While current evidence supports the efficacy of
titanium-reinforced e-PTFE membranes in VRA, the
heterogeneity of study designs, materials used, and

follow-up durations calls for caution in generalising
results. Further well-designed randomised controlled
trials with standardised protocols and long-term
outcomes are essential to validate these findings and
optimise treatment strategies. In conclusion, titanium-
reinforced e-PTFE membranes represent a valuable
tool in vertical ridge augmentation, particularly in
cases where space maintenance is critical. Careful case
selection, meticulous surgical execution, and
proactive complication management are essential to
maximise their clinical success.
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