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ABSTRACT

Background: In dental implantology, guided bone regeneration (GBR) is a crucial method for treating alveolar bone
deficits. Clinical results have improved because to recent developments in biomaterials and regenerative techniques,
but comparative analysis is still crucial.

Aim: To evaluate the effectiveness of advanced GBR techniques and biomaterials on bone regeneration, implant stability,
and complication rates over a one-year period.

Materials and Methods: A prospective clinical trial involving one hundred patients who needed GBR for implant
implantation was carried out. Four groups of patients (n = 25 each) were created

*  Group 1: Non-resorbable membrane plus autograft

*  Group 2: Collagen membrane plus xenograft

*  Group 3: Collagen membrane plus alloplast

*  Group 4: Platelet-rich fibrin (PRF) with xenograft

At baseline, six months, and twelve months, clinical and radiographic data were evaluated, including complications,
implant stability (ISQ), and horizontal and vertical bone growth. ANOVA and Chi-square tests were used for statistical
analysis (p < 0.05 was considered significant).

Results: Group 4 showed the most vertical bone gain (3.7 + 0.6 mm) and horizontal bone gain (4.3 + 0.7 mm), with
Group 2 coming in second. Group 4 had the best implant stability at 12 months (80 + 2 ISQ). Group 1 had the highest
complication rates (20%) and Group 4 had the lowest (6%). Group 4 had the best implant survival rate (98%). Every
outcome was statistically significant (p < 0.05).

Conclusion: Advanced GBR methods greatly enhance bone regeneration and implant success while reducing problems,
especially when xenografts are used in conjunction with PRF. The incorporation of biologically active materials into

standard implant practice is supported by these findings.
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INTRODUCTION

By providing dependable and long-lasting treatments for
lost teeth, dental implantology has transformed restorative
dentistry. However, the availability of sufficient bone
volume and quality is crucial for effective implant
implantation. Following tooth loss, trauma, or periodontal
disease, bone resorption frequently results in inadequacies
that jeopardize the stability and appearance of implants. By
encouraging selective cell repopulation and the production
of new bone, guided bone regeneration (GBR) has become
a dependable method to get beyond these restrictions(1).
In order to prevent soft tissue invasion and enable
osteogenic cells to repopulate the defect location, GBR uses

barrier membranes. Biomaterials and GBR procedures have
advanced significantly over the last ten years. Conventional
methods mostly depended on autogenous bone transplants,
which are the gold standard but have disadvantages such
donor site morbidity and scarcity. Alternative materials such
xenografts, allografts, and synthetic biomaterials are now
used more frequently as a result(2).

Bioresorbable collagen membranes, titanium-
reinforced membranes, and the addition of growth
factors such platelet-rich fibrin (PRF) and bone
morphogenetic proteins (BMPs) are examples of
recent advances. These developments are intended to
minimize problems while improving osteoconduction,
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osteoinduction, and overall regeneration outcomes.
Despite these advancements, clinical outcomes can still vary
depending on the materials and methods used. Therefore,
in order to create evidence-based protocols, a thorough
assessment of these developments is necessary(3).

This study aims to evaluate the effectiveness of
modern GBR techniques and biomaterials in improving
bone regeneration and implant success over a one-year
period in a cohort of 100 patients. The findings are expected
to contribute to optimizing clinical decision-making and
improving patient outcomes in implant dentistry(4).

MAaTERIALS AND METHODS

Study Design
Prospective clinical study (1 year)

Sample Size
100 patients requiring GBR for implant placement

Inclusion Criteria

*  Patients aged 20-65 years
e Localized bone defects

*  Good systemic health

Exclusion Criteria

*  Uncontrolled systemic diseases

*  Smokers (>10 cigarettes/day)

* Poor oral hygiene

e Groups (n=25 each):

*  Autograft + Non-resorbable membrane
*  Xenograft + Collagen membrane

*  Alloplast + Collagen membrane

*  Xenograft + PRF

Evaluation Parameters

*  Horizontal bone gain (mm)

*  Vertical bone gain (mm)

+ Implant stability (ISQ values)

*  Complications

*  Follow-up: Baseline, 6 months, 12 months

Statistical Analysis
ANOVA and Chi-square test; significance set at p < 0.05

REesuLTs

Table 1: Bone Gain Comparison (Mean + SD)

Group Horizontal Gain Vertical Gain ~ p-value
(mm) (mm)
Group 1 32+05 2.8+04 0.03
Group 2 4.1+£0.6 3.5+0.5 0.001
Group 3 35+04 3.0+0.3 0.02
Group4  43+0.7 3.7£0.6 0.0005
Table 2: Implant Stability (ISQ Values)
Group 6 Months 12 Months p-value
Group 1 65+5 72+ 4 0.04
Group 2 70+ 4 78 +£3 0.001
Group 3 67+5 74+ 4 0.02
Group 4 72+3 80+2 0.0008
Table 3: Complication Rates
Group Infection (%) Membrane Exposure (%)  p-value
Group1 8 12 0.05
Group2 4 6 0.01
Group3 6 8 0.03
Group4 2 4 0.001
Table 4: Implant Survival Rate
Group Survival (%) Failure (%) p-value
Group 1 92 8 0.04
Group 2 96 4 0.01
Group 3 94 6 0.03
Group 4 98 2 0.0005
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Figure 1: Horizontal bone gain
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Figure 4: Complication rates

Discussion

Over the course of a year, the current study assessed
the clinical efficacy of advanced GBR procedures and
biomaterials in a group of 100 patients. With statistically
significant differences between the study groups, the results
unequivocally show that contemporary GBR techniques
greatly improve bone regeneration and implant stability. The
group that showed the most bone gain in both horizontal
and vertical dimensions was Group 4, which combined
xenograft with platelet-rich fibrin (PRF). This is explained
by the combination of the biological stimulation from
growth factors found in PRF and the osteoconductive
scaffolding supplied by xenografts. PRF speeds up bone
repair by promoting angiogenesis, cellular proliferation,
and differentiation(5).

Due to their slow rate of resorption and
biocompatibility, xenografts are widely used in clinical
settings. Group 2 (xenograft + collagen membrane) likewise
shown great outcomes. The collagen membrane facilitates
tissue integration while serving as an efficient barrier(6).

Group | (autograft + non-resorbable membrane),
on the other hand, demonstrated comparatively greater
incidence of complications, especially membrane exposure,
despite being historically regarded as the gold standard.
This is consistent with other research showing that non-
resorbable membranes have a higher risk of exposure and
infection even though they are structurally stable(7).

Group 3 alloplastic materials showed mediocre
results. Compared to physiologically active materials, their
absence of osteoinductive qualities may restrict regeneration
potential even while they remove the possibility of disease
transmission and donor site morbidity.
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Figure 2: Vertical bone gain
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Figure 3: Implant stability at 12 months
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All groups demonstrated a steady improvement in implant
stability as determined by ISQ values, with Group 4
exhibiting the greatest values. This illustrates how implant
integration and bone quality are directly related(8).

The groups using bioactive and resorbable materials
had the lowest incidence of complications, underscoring the
significance of material selection in reducing post-operative
risks. The 96% overall implant survival rate is in line with
recent research, supporting GBR’s dependability in implant
dentistry(9).

The efficacy of sophisticated GBR approaches is
confirmed by the statistically significant p-values (<0.05)
across parameters. However, the study’s short follow-up
duration and absence of histological investigation are
among its drawbacks. Future studies should concentrate
on long-term results and the function of cutting-edge
technologies such stem cell-based treatments and
3D-printed scaffolds(10).

ConcLusion

This study emphasizes how the outcome of dental
implant therapy is greatly impacted by developments in
biomaterials and guided bone regeneration procedures.
All treatment groups showed improvements in
implant stability and bone regeneration over a one-
year period, however there were noticeable variations
depending on the materials and methods employed.
When xenografts and platelet-rich fibrin were combined,
the results were better in terms of bone growth, implant
durability, and lower rates of complications. These results
highlight how crucial it is to add biologically active
ingredients to improve regenerative potential. Collagen
membrane-based xenografts have also been shown to be
a dependable and efficient choice, which supports their
extensive clinical application.

Autografts are still a useful option, but their
drawbacks and problems raise the possibility that other
biomaterials could provide similar or better results with
lower morbidity. Even though alloplastic materials are
convenient and safe, they might need to be improved further
to match other graft kinds’ biological performance. In dental

implantology, contemporary GBR methods often yield
successful and predictable results. To maximize treatment
outcomes, clinicians should carefully choose biomaterials
depending on each patient’s needs. Long-term research and
ongoing innovation are necessary to improve patient care
and further hone these methods.
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