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Abstract

Vertical bone augmentation (VBA) is a critical component in preparing atrophic alveolar ridges for implant placement.
Membranes play a pivotal role in guided bone regeneration (GBR) by providing space maintenance and preventing soft tissue
invasion. This meta-analysis evaluates the impact of various membrane types, including resorbable and non-resorbable options,
on the success of VBA in terms of clinical outcomes, complication rates, and bone gain.
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Introduction

Vertical bone loss presents a significant challenge in
dental implantology. GBR has emerged as an effective
technique for regenerating lost bone height. The
choice of membrane material is crucial, as it
influences the healing environment and the
regenerative potential. This study aims to provide a
comprehensive evaluation of the effectiveness of
different membranes in VBA through a systematic
review and meta-analysis.

Methods

Search Strategy: A systematic search was conducted
in PubMed, Embase, Cochrane Library, and other
relevant databases for studies published between
January 2000 and December 2023. The Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were followed to
ensure a transparent and replicable review process.
Search terms included "vertical bone augmentation,”"
"guided bone regeneration," "resorbable membranes,"
"non-resorbable membranes," and "dental implants."
Grey literature and reference lists of included studies
were also screened.

Eligibility Criteria: Studies were included if they met
the following criteria:

Randomized controlled trials (RCTs) or prospective
cohort studies.

Direct comparison of resorbable and non-resorbable
membranes in VBA procedures.
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Reported quantitative outcomes such as vertical bone
gain, complication rates, and implant success.

Study Selection: Titles and abstracts were screened
independently by two reviewers. Full-text articles of
potentially eligible studies were assessed for inclusion.
Discrepancies were resolved through discussion or
consultation with a third reviewer.

Data Extraction

Two independent reviewers extracted data using a
standardized form. Extracted data included study
characteristics (author, year, sample size, follow-up
period), membrane type, bone gain measurements,
complication rates (e.g., membrane exposure,
infection), and implant success rates.

Risk of Bias Assessment: The Cochrane Risk of Bias
Tool for RCTs and the Newcastle-Ottawa Scale for
cohort studies were used to evaluate study quality.
Studies with a high risk of bias were excluded from
the meta-analysis but discussed qualitatively.
Statistical Analysis: Meta-analysis was conducted
using a random-effects model to account for
heterogeneity among studies. Weighted mean
differences (WMD) were calculated for continuous
outcomes, while relative risks (RR) were used for
dichotomous outcomes. Heterogeneity was assessed
using the I2 statistic, with values >50% indicating
substantial heterogeneity. Publication bias was
evaluated using funnel plots and Egger's test.

Results
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A total of 15 studies involving 600 patients were
included. The results are presented in detail below:

Vertical Bone Gain

Non-resorbable Membranes: These membranes,

particularly titanium-reinforced ones, showed the
highest mean vertical bone gain (WMD: 4.1 mm; 95%
ClL: 3.5-4.7 mm).

ISSN:2993-0855 BioRes Scientia Publishers

Resorbable Membranes: Achieved slightly lower
vertical bone gain (WMD: 3.2 mm; 95% CI: 2.7-3.6
mm).

Comparison: The difference in bone gain between
the two types was statistically significant (p < 0.05).

Figure 1: Mean Vertical Bone Gain by Membrane Type
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Figure 1: A bar graph comparing mean vertical bone gain for resorbable and non-resorbable membranes

Complication Rates

Non-resorbable Membranes: Higher complication
rates were observed, primarily due to membrane

exposure and infection (RR: 1.8; 95% CI: 1.2-2.7).

Resorbable Membranes: Lower complication rates
were reported, indicating better biocompatibility and
integration.

Analysis: The increased complication rate for non-
resorbable membranes underscores the need for
surgical expertise and careful case selection.

Figure 2: Complication Rates for Non-Resorbable Membranes
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Figure 2: A pie chart depicting the proportion of complications associated with each membrane type

Implant Success Rates

Both membrane types demonstrated high implant
success rates (above 90%), with no statistically
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significant difference (p > 0.05). This highlights the
efficacy of both membranes in achieving the primary
objective of successful implant placement.
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Figure 3: Implant Success Rates by Study and Membrang Type
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Figure 3: A line chart showing implant success rates across included studies

Heterogeneity and Sensitivity Analysis

Moderate heterogeneity (12 = 45%) was observed in
bone gain results, addressed through subgroup
analysis.

Sensitivity analysis confirmed the robustness of the
findings.

Figure 4: Funnel Plot for Publication Bias
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Figure 4: A funnel plot to visualize publication bias and heterogeneity

Discussion

This meta-analysis aimed to assess the comparative
efficacy of resorbable and non-resorbable membranes
in vertical bone augmentation (VBA) for dental
implantology. The findings indicate that while both
types of membranes are effective, their impact on
vertical bone gain and complication rates varies, and
these differences are crucial for clinical decision-
making.

Vertical Bone Gain

Non-resorbable membranes, particularly titanium-
reinforced variants, resulted in significantly higher
vertical bone gain compared to resorbable

membranes. The weighted mean difference (WMD)
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for bone gain was 4.1 mm for non-resorbable
membranes, with a 95% confidence interval (CI)
ranging from 3.5 to 4.7 mm, compared to 3.2 mm
(95% CI: 2.7-3.6 mm) for resorbable membranes,
with this difference being statistically significant (p <
0.05). These results suggest that non-resorbable
membranes, due to their structural stability, provide a
superior scaffold for bone regeneration, helping
maintain the necessary space for osteogenesis during
the healing process [1,2]. Titanium reinforcement, in
particular, may enhance the mechanical strength of
these membranes, contributing to better vertical bone
gain. Although non-resorbable membranes offer
superior bone regeneration outcomes, clinicians must
weigh this advantage against potential complications.

3
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For patients with severe vertical bone loss, non-
resorbable membranes could prove to be an optimal
choice, but careful consideration must be given to the
risk of complications associated with these
membranes, as discussed below.

Complication Rates

A higher incidence of complications was noted in the
group treated with non-resorbable membranes, with a
relative risk (RR) of 1.8 (95% CI: 1.2-2.7), indicating
a significantly higher risk of complications such as
membrane exposure and infection. This is a well-
known challenge with non-resorbable membranes, as
they do not integrate as well with surrounding tissue,
which may lead to exposure and subsequent infection
[3,4]. The increased complication rate necessitates
skilled surgical handling and stringent post-operative
care to minimize these risks. In contrast, resorbable
membranes exhibited a lower complication rate, likely
due to their ability to integrate better with
surrounding tissue and their gradual absorption by
the body. This natural resorption reduces the need for
secondary surgical intervention to remove the
membrane, which is a common advantage of
resorbable Furthermore, their
biocompatibility tends to lower the risk of infection
and improve the overall healing process [5,6].

materials.

Implant Success Rates

Implant success rates were high for both membrane
types, with rates consistently above 90% in all studies.
Importantly, there was no statistically significant
difference in implant success between the two groups
(p > 0.05), indicating that both membrane types are
highly effective in facilitating successful implant
placement. This finding aligns with previous studies,
which have shown that implant success is influenced
more by factors like surgical technique, patient health,
and implant placement rather than the specific type
of membrane used [7,8]. Therefore, either membrane
type can be used effectively for implant procedures,
with the choice depending on patient-specific factors
and the likelihood of complications.

Heterogeneity and Sensitivity Analysis

The analysis revealed moderate heterogeneity (I1Z2 =
45%) in the vertical bone gain results, suggesting
variability in the outcomes. Subgroup analyses may
help explain this variation, particularly with regard to
differences in the type of membranes used (e.g.,
titanium-reinforced vs. non-titanium) or patient-
related factors like age, systemic conditions, and bone
quality. Sensitivity analyses confirmed that the results
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were robust and not overly influenced by any single
study, reinforcing the generalizability of the findings
[9,10]. The funnel plot and Egger’s test did not reveal
significant publication bias in this meta-analysis,
suggesting that the included studies were
representative of the available evidence. However, it is
important to consider that studies with null or
negative findings are less likely to be published, which
could influence the interpretation of the overall
results.

Future Research Directions

Several aspects of vertical bone augmentation with
different membranes warrant further investigation.
Future randomized controlled trials (RCTs) should
focus on the longterm outcomes of resorbable and
non-resorbable  membranes, including  bone
regeneration durability and implant success over
extended follow-up periods. Furthermore, research
exploring the biological mechanisms behind the
differences in bone gain and complication rates
between the two membrane types would provide
deeper insights into how these materials interact with
tissues during healing. Additionally, studies that
assess patient-specific factors such as smoking,
diabetes, and bone quality on the outcomes of VBA
procedures would help refine patient selection and
guide clinicians in choosing the most appropriate
membrane type for individual patients [11,12].

Conclusion

In conclusion, this meta-analysis demonstrates that
non-resorbable  membranes, particularly  those
reinforced with titanium, lead to superior vertical
bone gain in vertical bone augmentation procedures.
However, this advantage is counterbalanced by a
higher complication rate, necessitating careful patient
selection and surgical expertise. In contrast,
resorbable membranes, though slightly less effective
in terms of vertical bone gain, provide a safer, more
biocompatible option with fewer complications. Both
types of membranes are effective in ensuring
successful implant outcomes, and the choice of
membrane material should be guided by patient-
specific needs, clinical circumstances, and the
surgeon's expertise. Future research should focus on
the longterm effects of these materials, as well as
patient-related factors, to further optimize the use of
membranes in bone regeneration procedures
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