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Abstract

Introduction: The rehabilitation of the dental arch with
osseointegrated implants makes it possible to improve
the quality of life of patients. Guided bone regeneration
(GBR) has been applied to replace lost bone to allow the
implant to be fully integrated and maintained during
functional loading. GBR is considered one of the most
commonly applied methods to reconstruct alveolar bone
and to treat peri-implant bone deficiencies. Objective:
It was to develop a systematic review to highlight the
main approaches of guided surgery to promote bone
regeneration in implant dentistry. Methods: The
systematic review rules of the PRISMA Platform were
followed. The search was carried out from March to May
2023 in the Scopus, PubMed, Science Direct, Scielo, and
Google Scholar databases, using articles from 1977
(Golden pattern - Bra°nemark et al. ) to 2023. Results
and Conclusion: A total of 117 articles were found, 38
articles were evaluated and 28 were included and
developed in this systematic review study. Considering
the Cochrane tool for risk of bias, the overall assessment
resulted in 22 studies with a high risk of bias and 15
studies that did not meet GRADE. It was concluded that
the application of a membrane to prevent nonosteogenic
tissues from interfering with bone regeneration is a
fundamental principle. Membrane properties and
biological outcomes drive bone regeneration in
membrane-covered defects. Barrier membranes play
the role of preventing the invasion of soft tissue by
exiting the mucosa and creating an underlying space to
support bone growth. Collagen membranes have
excellent biological properties and bone regeneration
results. While collagen membranes do not provide
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sufficient mechanical protection of the covered bone
defect, titanium-reinforced membranes, and non-
resorbable membranes need to be removed in a second

surgery.

Keywords: Bone regeneration. Guided bone
regeneration. Implant dentistry. Biomaterials.
Membranes.

Introduction

The rehabilitation of the dental arch with
osseointegrated implants makes it possible to improve
the quality of life of patients. To achieve a good long-
term prognosis for osseointegrated implants, there
must be sufficient bone volume at the implant sites. In
this regard, guided bone regeneration (GBR) has been
applied to replace lost bone to allow the implant to be
fully integrated and maintained during functional
loading. Therefore, GBR is considered one of the most
commonly applied methods to reconstruct alveolar
bone and to treat peri-implant bone deficiencies [1,2].

In this sense, GBR is successful when
osteoprogenitor cells are exclusively allowed to
repopulate the site of the bone defect, preventing the
entry of non-osteogenic tissues. In this scenario, about
40% of osseointegrated implants require GBR as part of
the patient's rehabilitation, with a survival rate of up to
100% [1]. Thus, maxillary atrophy is an increasingly
frequent clinical condition and the causes that lead to
focal or generalized atrophy are multiple factors [3-5].
Bone density influences the operative protocol and the
choice of implant type used to replace missing teeth [6].
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In this context, the optimization of faster and more
accurate techniques by dentists and postoperative
surgeons with better results and quality of life,
stimulated the development of numerous software and
hardware to perform computer-guided surgeries, the
so-called Virtual Surgeries (VS). [7]. In this sense, it is
essential to perform Computed Tomography (CT) on
the patient [8].

Thus, these programs allow the placement of
implants in the program, as well as the manufacture of
a high-precision surgical guide, leading to the possibility
of performing flapless surgeries, for the placement of
implants and prostheses in immediate loading in
patients [9]. However, the accuracy of Guided Surgery
systems for placing dental implants depends on a series
of cumulative and interactive factors, which can lead to
errors [10], such as the image acquisition process, the
registration process, the navigation of the software,
surgical guide production and human error [11-14].

In this way, reconstruction technologies have
expanded to include the use of virtual surgical planning
(VSP) and computer-aided design and manufacturing
(CAD-CAM), and threedimensional printing. The
advantages of VSP over traditional techniques may be
related to late reconstruction, maxillary reconstruction,
placement of dental implants, and precision-guided
oncology [15]. Yet, the use of CT and software
developments for virtual planning are orienting oral
surgery precisely towards a specific target [16].

In this sense, computer-based guided surgery (GS)
refers to the use of a tissue-supported surgical model.
This reproduces the virtual position of the implant
directly from the CT scan data and this information can
be converted into guide templates to be used during
surgery [17]. Dynamic-guided surgery reproduces the
virtual position of the implant directly from CT data and
uses motion-tracking technology to guide implant
osteotomy preparation [18]. Several protocols for GS
are available in the literature and are differentiated by
different guide production techniques, support
methods, and drilling/placement protocols [19]. In this
way, it became possible to plan the position of the
optical implant virtually the ideal implant position,
taking into account the adjacent vital anatomical
structures and future prosthetic requirements [20].

Therefore, the present study developed a
systematic review to highlight the main approaches of
guided surgery to promote bone regeneration in
implant dentistry.

Methods

Study Design
This was followed by a systematic literature review

model, according to PRISMA rules. Available at:
http://prisma-statement.org/?AspxAutoDetectCookie
Support=1. Accessed on: 05/10/2023.

Data sources, Study Quality and Risk of Bias

The literary search process was carried out from
March to May 2023 and was developed based on
Scopus, PubMed, Science Direct, Scielo, and Google
Scholar, using articles from 1977 (Golden pattern -
Bra®nemark et al. ) to 2023, using the descriptors
(MeSH Terms): "Bone regeneration. Guided bone
regeneration. Dental  implant. Biomaterials.
Membranes”, and using the Booleans "and" between
the descriptors (MeSH Terms) and "or" between the
historical findings. The quality of the studies was based
on the GRADE instrument. The risk of bias was analyzed
according to the Cochrane instrument.

Results
Summary of Literary Findings

A total of 117 articles were found. Initially,
duplication of articles was excluded. After this process,
the abstracts were evaluated and a new exclusion was
performed, removing the articles that did not include
the theme of this article, resulting in 75 articles. A total
of 38 articles were evaluated and 28 were included and
developed in this systematic review study (Figure 1).
Considering the Cochrane tool for risk of bias, the
overall assessment resulted in 22 studies with a high
risk of bias and 15 studies that did not meet GRADE.

Figure 1. Selection of studies.

Records (n =97) Additional records- other sources (n = 20)

Total=117 articles; Duplicates removed (n =75)

Screened Excluded (did not meet
(n=75) > the GRADE)
(n=15)
Articles assessed (n=60) . i
_— Excluded (Risk of Bias)
(n=22)
Qualitative synthesis Excluded Articles
(n=38) —_— (other reasons)
(n=10)

Systematic Review
(n=28)

MeSH Terms: Bone regeneration. Guided bone regeneration. Implant dentistry.
Biomaterials. Membranes.

Major Approaches

In the GBR scenario, the application of a
membrane to prevent non-osteogenic tissues from
interfering with bone regeneration is a fundamental
principle. Membrane materials have some properties
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that are amenable to modification. Membrane
properties and biological outcomes drive bone
regeneration in membrane-covered defects.

Experimental data suggest that different modifications
in the physical-chemical and mechanical properties of
the membranes can promote bone regeneration.
Optimization of membrane materials systematically
addressing both barrier and bioactive properties is
required [21].

In this regard, a meta-analysis study accumulated
information regarding the network of effects of various
membranes on vertical bone regeneration and clinical
complications in GBR or guided tissue regeneration
(GTR). The effects of high-density polyethylene (d-
PTFE), expanded polytetrafluoroethylene (e-PTFE),
cross-linked collagen membrane (MCC), non-
crosslinked collagen membrane (CM), titanium mesh
(TM), titanium plus uncrosslinked (TM + CM), titanium
mesh plus crosslinked (TM + CCM), titanium-reinforced
d-PTFE, titanium-reinforced e-PTFE, polylactic acid
(PLA), polyethylene glycol (PEG) and polylactic acid 910
(PLA910). A total of 19 articles were included in a meta-
analysis. Titanium-reinforced d-PTFE exhibited the
greatest vertical bone increment effect. Soft tissue
injury and membrane exposure were the most common
complications [22].

In addition, barrier membranes play a role in
preventing soft tissue invasion from the mucosa and
creating an underlying space to support bone growth.
Different membrane types provide different biological
mechanisms due to their different origins, preparation
methods, and structures. In highlight, collagen
membranes show excellent biological properties and
bone regeneration results for non-absorbable
membranes even without a second surgery for removal
[23]. Thus, barrier membranes represent a GBR
surgical technique and are usually made of resorbable
collagen or non-resorbable materials. While collagen
membranes do not provide sufficient mechanical
protection of the covered bone defect, titanium-
reinforced membranes, and non-resorbable
membranes need to be removed in a second surgery.

A study by Rider et al. (2021) used a biodegradable
membrane of pure magnesium (99.95%) and proved to
have all the requirements for an ideal regenerative
result. After implantation, the magnesium membrane
separates the regenerating bone from the more rapidly
proliferating, overlying soft tissue. During the initial
healing period, the membrane maintained a barrier and
space provision function, maintaining the positioning of
the bone graft material within the defect space. As the
magnesium metal corroded, it formed a layer of salt
corrosion and local gas cavities, which extended the

functional life of the membrane's barrier capabilities.
During the resorption of metallic magnesium and
magnesium salts, the membrane was observed to be
surrounded and then replaced by new bone. After the
membrane was completely resorbed, only the healthy
tissue remained [24].

A recent experimental study developed by Jung et
al. (2023) analyzed whether recombinant human bone
morphogenetic protein-2 (rhBMP-2) would optimize
GRB with the collagen membrane. Four critical cranial
bone defects were created and treated in 30 New
Zealand white rabbits, including a control group, critical
defect only; group 1, only collagen membrane; group
2, only biphasic calcium phosphate (BCP); group 3,
collagen membrane + BCP; group 4, collagen
membrane with rhBMP-2 (1.0 mg/mL); group 5,
collagen membrane with rhBMP-2 (0.5 mg/mL); group
6, collagen membrane with rhBMP-2 (1.0 mg/mL) +
BCP; and group 7, collagen membrane with rhBMP-2
(0.5 mg/mL) + BCP. Combining collagen membranes
with rhBMP-2 and BCP produced significantly higher
bone formation rates compared to the other groups. A
healing period of 2 weeks produced significantly less
bone formation than 4 and 8 weeks [25].

In this scenario, GRB is considered accurate and
reliable compared to free implant surgery. However, a
deviation between virtual implant planning and actual
implant position can occur due to the surgical learning
curve and accumulated errors that can occur over the
various steps of the digital workflow. The learning curve
is fundamental to dealing with any complication [18].

One study compared the virtual planning accuracy
of new model-based computer-assisted implant
placement techniques using stereolithographic
CAD/CAM surgical models with or without metallic
sleeves. Patients were randomized according to a
parallel group design into two groups: surgical cast with
or without metallic sleeves. Three deviation parameters
(angular, horizontal, vertical) were defined to assess
the discrepancy between the planned and placed
positions of the implants. No implants failed and there
were no complications. Forty-one implants were placed
using surgical templates with metal sleeves, while 49
implants were placed using a surgical template without
metal sleeves. Of these, 16 implants were placed
through open sleeves and 33 through closed sleeves.
There was a statistically significant difference in the
angle and the vertical plane, with lower values for
implants placed with a surgical mold without metallic
sleeves. In the test group, closed sleeves were more
accurate compared to open sleeves in the angle and
horizontal plane. Therefore, the surgical models
without metallic sleeves were more accurate in the
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vertical plane and the angle compared to the
conventional model. Open sleeves should be used with
caution in the molar region only in case of reduced
space between the squares [20].

In addition, a study evaluated the effects of
preoperative virtual planning and mandibular
reconstruction guided by dental implant rehabilitation
on denture rehabilitation after mandibular
reconstruction. A total of 29 patients were included in
the study, with 16 patients in the nonavigation group
and 13 in the navigation group. A total of 101 implants
were inserted, and the implant success rate was
98.02%. All patients received prosthetic treatment. Of
the 13 patients in the navigation group, 9 received
implant-supported fixed prostheses, while the other 4
received removable prostheses. Of the 16 patients in
the non-navigation group, 9 eventually received
implanted fixed prostheses and 7 received removable
prostheses. There were no significant intergroup
differences in terms of prosthesis type (p=0.702).
However, the proportion of implantsupported fixed
prostheses in the navigation group was higher
compared to the non-navigation group. Therefore,
preoperative virtual planning and dental implant-guided
mandible reconstruction through preoperative designs
may provide a good opportunity to achieve high implant
success rates and dental rehabilitation. This method
can also benefit prosthetic restorations supported by
fixed implants. Furthermore, the use of navigation after
virtual planning does not affect the type of prosthetic
reconstruction [26].

Based on the literary findings presented above, it
is possible to develop a preoperative planning method,
associated with the area of implant dentistry, using
digital images. In this group of digital images, all the
potentialities of the great diversity of CAD programs
and threedimensional image editing are included. The
great utility of imaging diagnostic methods such as CT
is highlighted, being essential to develop all methods
[27].

Still, concerning the conventional surgical guide, it
presented some advantages such as being cheaper,
simple, and easy to perform, however, it leads to a
greater operative risk for the patient. However, the
precision of the place to be implanted is not the best
and there is a greater probability of this guide becoming
worn, due to the contact of the drills with it. In general,
the manufacture of a surgical guide ensures that during
surgery the implants are positioned and inclined
according to the pre-established location, considering
the amount of bone, positioning, inclination, and three-
dimensional relationships of the implants [28].

Conclusion

It was concluded that the application of a
membrane to prevent non-osteogenic tissues from
interfering with bone regeneration is a fundamental
principle. Membrane properties and biological
outcomes drive bone regeneration in membrane-
covered defects. Barrier membranes play the role of
preventing the invasion of soft tissue by exiting the
mucosa and creating an underlying space to support
bone growth. Collagen membranes have excellent
biological properties and bone regeneration results.
While collagen membranes do not provide sufficient
mechanical protection of the covered bone defect,
titanium-reinforced membranes, and non-resorbable
membranes need to be removed in a second surgery.
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