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Background and Objective: The relentless pursuit of alternative materials for autogenous bonegraft
made several research groups develop different kinds of bone substitute materials as well as different
techniques. The use of xenogenous bonegrafts are a reality and studies already have shown their safety,
providing satisfactory results when compared to autogenous grafts. The lack of donor site morbidity in the
use of such bone substitute materials added to the convenience and their properties led them to be a great
choice for different techniques for augmentation. The objective of this study was to perform a literature
review over clinical studies about the use of xenogenous bone substitutes simultaneously with the installation
of implants.

Methods: The search strategy was performed in MEDLINE database scanning the subjects of interest
using three different descriptors: “dental implants”; “immediate”; “bone substitute materials”. Two hundred
and fifty-eight records were identified through database and other sources searching. No duplicates were
identified; thus 258 records were screened. After applying the inclusion criteria, 222 records were excluded
and 36 records were included in the qualitative analysis.

Key Content and Findings: Although the majority of studies did not have as the main objective to
evaluate the quality of osseointegration, it was possible to presume that the success rates of implants installed
simultaneously with bone substitute materials are high (over than 90%). Moreover, the use of bone substitute
materials has several indications such as to fulfill gaps, to increase implant stability, to maintain vertical and
horizontal dimension of alveolar crest, and, in some cases, to improve osseointegration.

Conclusions: Although the majority of studies did not have as the main objective to evaluate the quality of
osseointegration, it was possible to presume that the success rates of implants installed simultaneously with
bone substitute materials are high (over than 90%) and can be considered a valuable and feasible technique.
Moreover, the use of bone substitute materials has several indications such as to fulfill gaps, to increase
implant stability, to maintain vertical and horizontal dimension of alveolar crest, and, in some cases, to

improve osseointegration.
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Introduction

Among the rehabilitation techniques for missing teeth,
the use of dental implants is very popular due to its
predictability, security and durability (1). Depending on the
cause or the time elapsed since the tooth loss, the site for
the implant installation may not be adequate due to bone
loss in height and/or thickness, thus requiring some form
of reconstruction by means of bone grafting prior to or
simultaneously with the implant installation (2,3).

Lately, the pursue for faster oral rehabilitation by
patients, surgeons and researchers had shown different
treatment planning options that aimed to decrease the
time and the number of surgical procedures. One of these
techniques consists in the dental implant placement in the
fresh extraction socket. However, the dental implant itself is
not capable to fill the whole socket being indicated the use
of bonegraft (4,5).

The advantages of guided bone regeneration (GBR)
simultaneously with the implant placement are to submit
the patient to only one surgical procedure, less morbidity,
lower rate of complications and faster completion of
treatment (6,7).

Among the functions and benefits of the use of
bonegrafts are: augmentation of the alveolar ridge providing
enough bone height and width to dental implant insertion;
maintenance or reconstruction of the alveolar crest mainly
in aesthetics regions; filling of the fresh extraction socket
providing stability both to the dental implant placed
immediately and to the blood clot (8-10).

In these cases, what should be taken into account
is the type of bone graft indicated (6,11). Due to its
osteoconductive, osteoinductive and osteogenic properties,
autogenous bone is considered the gold standard (12).
However, aiming at a surgical procedure with less
morbidity, xenogenous bone substitutes have an excellent
indication since they have a low resorption rate and good
osteoconductivity (6,7). Studies have shown that xenogenous
bone substitutes are safe and provide satisfactory results
when compared to autogenous grafts (6,13).

It is important that the surgeon knows when to indicate
and when to contraindicate the use of xenogenous bone
substitutes simultaneously with the implant installation
procedure. Therefore, this article aims to review clinical
studies involving the use of xenogenous bone substitutes
simultaneously with the installation of implants. The
following article is in accordance with the Narrative Review
reporting checklist (available at https://fomm.amegroups.
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com/article/view/10.21037/fomm-21-41/rc).

Methods

The search strategy of this literature review was performed
in MEDLINE (Medical Literature Analysis and Retrieval
System Online, via PubMed) database scanning the subjects
of interest using three descriptors: “dental implants”;
“immediate”; “bone substitute materials”.

The initial selection and analyze of titles and/or abstracts
were performed by three independent reviewers (BO,
GST, KMS) and according to the following inclusion
criteria: specific studies that evaluated the use of bone
substitute materials (xenograph only) simultaneously to
dental implants installation; studies on humans and only
and reported in English language without time restriction
regarding to publication date; and case series, retrospective
or prospective clinical design. Assuming general results,
the inclusion criteria were performed without specifying
the type of dental implants, and quantity of bone substitute
material. Only articles that used xenographs were included
in this study. The separation from other sources of bone
substitutes (autogenous, allogenic and alloplastic graphs)
was performed by title, abstract and full text analysis.

After initial selection according to inclusion criteria,
full-text reading was performed to define which studies to
include. Reviewers solved any disagreements performing
additional discussion among them.

Data extraction were performed including the following
variables: study design; number of patients, age and gender;
type of bone substitute material; type of dental implant;
treatment and success rate. Again, disagreements between
reviewers were solved by further discussion. Data were
analyzed by descriptive statistics.

Results

"Two hundred and fifty-eight records were identified through
database and other sources searching. No duplicates
were identified; thus 258 records were screened. After
applying the inclusion criteria, 224 records were excluded
and 34 records were included in the qualitative analysis
(Figure 1) (14).

The included articles were published from 2000 to 2019.
The range of patient’s age was 17 to 83 years old (15).
Twenty-one studies had a comparator group (16-36). The
majority of the included studies were interventional and
prospective and most of them used particulate bone grafts
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Figure 1 Summary of the screening and selection process of the studies. From: Moher ez al. (14).

alone (15,24,25,28,30,32,34-39) or a mix with autologous
bone (20,31,40), while some used bone blocks (35,41). Most
implants and bone grafts were placed in maxilla, either in
anterior region (29,34,42,43) or for sinus augmentation
(17-19,31,32,38,40,41). Clinical, radiographic and
histological outcomes have been reported. The follow-up
time ranges from 4 months (44) to 9 years (40).

Of all studies included in this literature review, 17 involved
only maxilla (18,20-22,25,27,29,31,32,34,37,38,40-44),
2 involved only mandible (26,39), and 9 involved both
maxilla and mandible (15-17,24,28,30,35,36,45). Just
the study from Zumstein & Sennerby (17) performed
sinus lifting and postextraction implants in the same
methodology. Fifteen were based on postextraction
technique (15,19-21,24-26,28,30,34,39,42-45) and 8 were
based on sinus lifting technique (17-19,31,32,38,40,41).
Twenty used Bio-Oss as the bone substitute material
(15,16,18,22,24,25,27-31,34-41,44,45), and different types
of implant were used. Regarding the prescription, 10 studies
reported the use of prophylactic antibiotic administration

© Frontiers of Oral and Maxillofacial Medicine. All rights reserved.

(15-18,20,25,29,30,35,36,44).

Discussion

As case control, cohort, and randomized controlled studies
are on the top of evidence-based pyramid, it was opted to
include only this kind of studies. Furthermore, the main
objective of this study was to clarify if the use of bone
substitute materials affects the osseointegration of dental
implants. Although the majority of studies included did
not have the same objective as this one, it was possible to
determine that the use of substitute bone materials can be
very helpful to the patient treatment at all.

A multicenter controlled randomized trial (25) was
performed to evaluate the outcome of implants (tioLogic
implant System) placed immediately after maxillary
premolar extraction. One hundred and two patients were
divided into two groups: with or without bone substitute
material. Granular bone grafting was inserted (BioOss,
Geistlich) and completely covered by a pericardium
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membrane (Osteobiol Evolution, Tecnoss). A total of 113
implants completed the 3-year follow-up (one implant from
each group failed). Implants overall survival rate was 99.1%
at 12 months and 98.3% at 3 years. The authors concluded
that the use of anorganic bovine bone substitute with a
resorbable collagen barrier in immediate postextractive
implants seems to improve the esthetic outcomes after a
3-year follow-up.

Another study that installed immediate implants only
in maxilla was the performed by Sanz-Martin er al. (42).
Eighty-six patients were included in this randomized
controlled parallel-group study in which 86 implants
(Fixture Microthread Ossseospeed, Dentsply) were
immediately placed in the anterior maxilla. The test group
was formed by grafting with demineralized bovine bone
mineral with 10% collagen (DBBM-C, Bio Oss) in the
gap between the implant surface and the inner bone walls.
No graft was used for the control group. After 16 weeks,
the success rate was 100%. In conclusion, the results from
this short-term hard tissue changes study demonstrated
that grafting bone substitute material such as DDBM-C
significantly reduced the horizontal bone resorptive
changes occurring in the buccal bone after the immediate
implantation in fresh extraction sockets.

Following the same line, van Steenberghe et al. (15)
performed a prospective clinical study with 15 patients.
Twenty-one implants (Branemark system - Nobel Biocare
AB) were immediately installed after extraction. Granules of
deproteinized bovine bone of 0.25-1.0 mm diameter were
used to fill the remaining defect when the distance of the
defect wall to the implant surface was +£3 mm. Implants were
placed both in maxilla and mandible. After 12 months, no
implant losses were observed. The authors concluded that
the present results indicate that deproteinized bovine bone
is a safe filling material to fill remaining defects around
implants installed in fresh extraction sockets. Moreover, the
authors stated that exposure of the granules does not lead to
inflammatory or infectious soft tissue reactions.

Li et al. (26) performed also a prospective clinical study
involving patients diagnosed with severe periodontitis of the
posterior mandibular tooth and agreed to dental implant
treatment (I'TT Straumann). The patients were randomly
divided into two groups: the DDM (dentine dental matrix)
group, treated with immediate implantation and GBR
with autogenous DDM granules from the extracted tooth;
and the BIO group, treated with immediate implantation
and GBR with Bio-Oss granules. After 18 months, 43 of
45 implants produced successful osseointegration.
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This study showed a similar clinical and radiographic
performance of DDM and traditional osseous powder
in immediate placement of implants in periodontal
postextraction sites. The autogenous DDM granules
acted as an excellent, readily available alternative to bone
graft material in GBR, even for implantation in severe
periodontitis cases.

Among the included studies that involved postextraction
sites, De Angelis et al. (33) presented a success rate of
91% and Vandeweghe et al. (45) presented 91.7% (11 of
12 implants) when the use of Bio Oss. These studies were
the ones that presented the lower success rates. According
to authors of both studies, although the success rates
are lower in comparison to other studies, the results are
favorable to the use of bone substitute materials in defects
around postextractive implant.

Regarding studies that performed sinus augmentation
and implant placement, different methodologies were found:
bone blocks (41), particulate bone (27,38) and mixture of
autologous and xenographs in a 1:1 (31) proportion and
2:1 (40) proportion.

One study used bovine-HA spongiosa blocks in sinus
augmentation procedure with simultaneous implant
placement (41). The authors performed a follow-up of
12 months in 10 patients and concluded that the procedure
is predictable regarding osseointegration. Histologically, the
authors proved that bone blocks are a suitable graft material
for sinus augmentation because new bone was found.
Moreover, bone blocks provide initial stability, which ease
implant placement.

Ozkan et al. (38) performed a clinical and radiographic
study in 28 patients, which were followed-up for 5 years.
A success rate of 100% was achieved after 5 years. It was
observed that marginal bone change was constant in this
study, which is the opposite from what was found by
Hatano er a/. (40). This difference may have happened
because the last one used a mixture of autologous bone
and xenograph, and it is known that autologous bone have
higher resorption rates (46). The success rate of Hatano
et al. (40) and Ozkan ez al. (38) was also different, 94% us.
100%, respectively. The technique for sinus augmentation
can not be responsible for this difference mainly because
the follow-up of both studies were also different, 9 years (40)
vs. 5 years (38).

Although the majority of studies did not have as the main
objective to evaluate the quality of osseointegration, it was
possible to presume that the success rates of implants installed
simultaneously with bone substitute materials are high (over
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than 90%) and can be considered a valuable and feasible
technique. Moreover, the use of bone substitute materials
is indicated to fulfill gaps, to increase implant stability, to
maintain vertical and horizontal dimension of alveolar crest,
and, in some cases, to improve osseointegration. After this
research, it would be interesting to perform a systematic
review aiming to aggregate studies with similar methodology
to achieve more concrete conclusions.
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