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INTRODUCTION

I

mplant placement in patients with atrophic mandible or
maxilla is becoming more prevalent.1 Atrophy or bone loss
can be due to periodontal disease, trauma, or postextraction resorption. This loss may not be sufficient from an
esthetic or functional perspective for implant placement; thus,
bone augmentation might be recommended.1
Bone grafting or bone augmentation is the process of
adding bone in anatomically or functionally deficient areas.
Bone augmentation is performed for procedures such as sinus
augmentation, socket grafting, or alveolar ridge augmentation.
The purpose of the new bone is to provide stability and
support for the future dental implant. As native bone grows, it
replaces the graft material and, with time, results in an
integrated region of new bone.2 This process will vary among
the different bone substitutes used with relation to their
resorption properties; for some bone substitutes, very minimal
resorption was reported. New bone may grow by osteogenesis,
osteoinduction, or osteoconduction.3 Osteogenesis occurs
when osteoprogenitor cells in the graft material can survive
transplantation and can differentiate into osteoblasts and later
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osteocytes.4 Osteoinduction is when undifferentiated mesenchymal cells in the native bone are induced into osteoblasts or
chondroblasts to grow new bone by surrounding tissue. This is
often dependent on bone morphogenic proteins (BMPs).2
Osteoconduction is defined as a material encouraging bone
formation from already existing bone or differentiated mesenchymal cells via scaffolding.2
Bone grafting materials vary by their source. Autogenous
bone grafts may be harvested from the patient’s iliac crest,
mandibular ramus, or other intraoral sites. The donor site
chosen is determined based on the volume of graft material
required.5 Autogenous bone heals in three phases. The first
phase is osteogenesis, and here the surviving cells form the
osteoid. The second phase is osteoinduction and starts 2 weeks
after grafting. The blood vessels from the host bone invade the
graft, and native bone cells follow the vessels. Bone formation
and resorption are now mediated by BMP. The third phase
occurs as the minerals from the graft act as scaffolding for
native bone to from a matrix upon. The third phase is
synonymous with osteoconduction. These 3 phases overlap
and are not separate entities.5 Disadvantages of autografts
include the need for a second surgical site and the morbidity
related to bone harvesting.4 Autogenous bone may also require
a longer time period for resorption than some synthetics or
demineralized freeze-dried bone allografts (DFDBA) mixed with
calcium sulfate. This could also be a disadvantage if full graft
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Alveolar ridge augmentation can be completed with various types of bone augmentation materials (autogenous, allograft, xenograft, and
alloplast). Currently, autogenous bone is labeled as the ‘‘gold standard’’ because of faster healing times and integration between native
and foreign bone. No systematic review has currently determined whether there is a difference in implant success between various bone
augmentation materials. The purpose of this article was to systematically review comparative human studies of vertical and horizontal
alveolar ridge augmentation comparing different types of bone graft materials (autogenous, allograft, xenograft, and alloplast). A MEDLINE
search was conducted under the 3 search concepts of bone augmentation, dental implants, and alveolar ridge augmentation. Studies
pertaining to socket grafts or sinus lifts were excluded. Case reports, small case series, and review papers were excluded. A bias assessment
tool was applied to the final articles. Overall, 219 articles resulted from the initial search, and 9 articles were included for final analysis.
There were no discernible differences in implant success between bone augmentation materials. Generally, patients preferred
nonautogenous bone sources as there were fewer hospital days, less pain, and better recovery time. Two articles had industrial support;
however, conclusions of whether that support influenced the outcomes could not be determined. Future comparative studies should
compare nonautogenous bone sources and have longer follow-up times.
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TABLE 1
PICO framework
Population
Intervention
Comparison
Outcome

Humans requiring alveolar ridge augmentation for dental implants
Horizontal or vertical alveolar ridge augmentation with bone grafting materials
Two bone grafting material types
Implant failures, complications, follow-up period, healing time, patient satisfaction, and any other significant criteria

materials (autogenous, allograft, xenograft, and alloplast) for
the purposes of dental implantation.

METHODS

Types of studies
The research objective was constructed per the PICO framework10 (Table 1). The search’s inclusion criteria were articles that
investigated horizontal or vertical alveolar ridge augmentation
in human subjects for the purposes of dental implantation. The
studies must have directly compared 2 (or more) of the 4
groups of bone grafts (autogenous, allografts, xenografts, and
alloplasts) to be included in the review. Studies were limited to
retrospective or prospective clinical trials. There were no search
limitations on follow-up period, publication date, and sample
size to prevent loss of data. Exclusion criteria included studies
that compared the same graft types. In addition, sinus
augmentations or socket grafting procedure related to bone
grafting were excluded. Case report and small case series
articles were excluded. Studies that included the same data set
were considered as a single publication. The PRISMA protocol
was followed for this systematic review.11 The PRISMA diagram
is presented in Figure 1.

FIGURE 1. PRISMA diagram indicating included and excluded
articles.
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resorption is desired in a short time frame, which will not occur
with autogenous cortical bone grafts.
Allograft material is bone material from another individual
of the same species—often cadaveric. The bone material is
sterilized, processed, and stored in bone banks.2,5 Allografts act
via osteoinduction and have osteoconductive capabilities as
well on native undifferentiated mesenchymal cells. They are
known to form bone via osteoconduction by a combination of
resorption of the graft matrix and deposition of new bone on
the residual scaffold. Osteogenesis is not an option for
allografts as the cells are not vital. Some challenges with this
type of bone are that the medical history of the donor must be
cleared of infections, cancers, and other problems for the
recipient’s safety. It has been hypothesized that bone formation
is slower and may produce less volume for allografts vs
autografts as allografts do not conduct osteogenesis.5 Those
findings, however, are controversial. There are 2 main types of
allografts: frozen and freeze-dried (lypholized) or demineralized
freeze-dried bone.2
Xenograft material is bone material from equine, porcine,
or bovine sources that is mostly deproteinized and further
processed.6 The organic components of these materials are
removed to mitigate immune reactivity or pathogen transmission. The remaining minerals act as a scaffolding for native
bone growth. They might be used in combination with growth
factors or allografts to simulate the autogenous bone. Bone
formation occurs mostly via osteoconduction.7 The resulting
crystal structure is described as being rather similar to human
cancellous bone.7,8
Alloplastic material is entirely synthetic and synthesized
from nonorganic sources.9 The most prevalent type of
alloplasts are bioactive ceramics such as calcium phosphates.2
Ceramics (calcium phosphates, bioglass, calcium sulfate) can be
mixed with growth factors and ions to increase bone mineral
density and osteoblast proliferation.2,4 The mode of bone
formation for these ceramics is osteoconduction. When
transplanted, osteoid is produced directly onto the ceramic
surface by native bone and later undergoes remodeling.4
Particle sizes and porosity influence the resorption rates of
these materials along with other physical properties. Larger
particles have a greater expectancy to remain at the
augmentation site. Greater porosity has faster resorption rates
than osteoclasts and can penetrate the graft more readily than
dense material.5 Certain ceramics can dissolve via the
extracellular matrix as well.
Numerous studies have been performed to determine if
there is a significant difference between these types of bone
materials. The aim of this work was to systematically review
comparative human studies of vertical and horizontal alveolar
ridge augmentation comparing 2 different types of bone graft
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assessment tool was used and recorded in a separate
spreadsheet.12,13 The bias assessment recorded any conflicts
of interest, clarity of objectives described, and the source of the
patients. Conflict of interest was defined as all financial
relationships with companies whose products the researchers
are evaluating in the transcript.

RESULTS

Search method
Full-text articles in English were searched on MEDLINE based on
a search query (Figure 2). The articles were included from
earliest inception until August 20, 2016. The search method was
planned in collaboration with an experienced librarian at John
W. Scott Library at the University of Alberta based on the
research objective. The search identified papers that were
tagged under (1) bone transplantation, (2) dental implantation,
and (3) alveolar ridge augmentation. Key search words included
‘‘bone graft/grafts/grafted/grafting,’’ ‘‘bone augment/augmented/augmenting/augmentation,’’ ‘‘dental implant/implants/implanted/implanting,’’ ‘‘vertical,’’ or ‘‘horizontal.’’ The 2 limitations
on this query were human studies and comparative studies.
Data extraction
Following title review, abstracts were assessed per inclusion
and exclusion criteria. The included full articles were fully
assessed, and the significant results were recorded into a chart.
Data were recorded on a spreadsheet, including authorship,
patient characteristics, compared materials, outcomes, followup after augmentation, complications, main results, and
limitations/strengths. A 9-item quality and risk of bias

TABLE 2
Sum of total graft sites and total implants from all studies*
Graft Sites
Mandible
Autogenic
Intraoral (ramus, retromandibular region)
Iliac crest
Allogenic
DFDBA
FFB
Xenograft
Bovine
Equine
Alloplast

37
22
15
25
5
20
41
34
7
14

*DFDBA indicates demineralized freeze-dried bone allograft.
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Maxilla

Unknown

36
21
15
6
0
0
6
26
0
19
7
11
Total graft sites

Implants
Total

Mandible

Maxilla

Unknown

Total

73

38
20
18
12
12

10
10

81

129

81
0
0

12

28
28

10
10

96
32
64
29
Total implants

134
70
64
29
304

31

67

25
196

0
0
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FIGURE 2. Search query and limitations for MEDLINE database.

The MEDLINE search initially identified 219 articles. Following a
title- and abstract-based search, 17 articles were selected for
full-text review. Upon full review of these articles, only 9
publications were included for data extraction and descriptive
analysis in accordance with the inclusion criteria.14–22
In the included articles, there were a total of 181 patients
who underwent alveolar ridge augmentation for future dental
implantation. Of those, 68 patients had mandibular defects and
79 patients had maxillary defects. Table 2 describes the number
of graft sites and implants for each bone graft material. Overall,
304 implants were recorded for 196 graft sites in 181 patients.
Of those, 15 patients were treated in studies with a split-mouth
design; thus, there are 15 more graft sites than patients.16,19
Three studies did not state if the implants were placed in the
maxilla or mandible.14,19,22 One study had not placed any
implants at the time of publication of those patients.14 Miniimplants were not included in these calculations as they were
never loaded with a prosthesis and thus are not comparable
with normal dental implants. One study had used a mix of 70%
autogenous (ramus) and 30% bovine porous bone mineral as
their test graft and was included under the xenograft group.17
Two studies are based on the same data set; however, the latter
is 1 year later of follow-up.15,20 Both articles contain different
results and thus have been kept as 2 separate inclusions.
The main results, subject demographics, and procedures
among other criteria from all 9 publications were summarized
in Appendix Ia and Ib. Table 3 summarizes the 9-item quality
and risk of bias assessment tool results for all 9 publications.
Vertical bone gain differences were not statistically
significant between bone materials, except in 1 study.15 This
study found that although the individual vertical bone height
for autogenous (iliac crest) and bovine Bio-OSS were significant,
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TABLE 3
Quality and risk of bias assessment for the selected publications14–22

Author(s)

No
No

University
University

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
No

No

University

Yes

Yes

Yes

Yes

Yes

Yes

No

No
No
No
No

University
University
Private clinic
University

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

No
No
No
No

No
yes

University
University
and
private
clinic

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

No
Yes

the difference between the materials was not significant.
Significantly more residual graft was found in the bovine group
by 10%–13% vs autogenous.20 Significantly more vital bone
and less soft connective tissue was found for autogenous bone
vs allogeneic bone.14 Microvascular density was deemed not to
be significantly different between studied materials (autogenous and bovine).18 Degree or penetration of graft material into
native bone was less extensive for allogenic bone than
autogenous bone.21
Bone-to-implant contact was measured in 2 studies, and
the difference between materials was not found to be
statistically significant. Implant failure rates were not found to
be statistically different between bone materials, except in 1
study that found statistically significant worse outcomes (graft
failures, implant failures, higher complication rates) for bovine
grafts vs autogenous grafts.22 Complication rates among
studies were not found to be different in a statistically
significant manner between studied materials among studies.
All articles except one used autogenous bone grafts as their
control to directly compare another bone graft.19 A total of 3
studies included smokers.15,20,22 One study had only 5 patients,
and thus the statistical significance was impossible to deduce.16
The measured outcomes varied greatly among studies such
that a meta-analysis was not considered feasible. Several
studies have solely investigated the integration between the
graft types and native bone16 or compared the microvascular
density of the bone grafts,18 whereas others had directly
assessed the success of the implants and prosthesis within each
bone graft type.19,20,22 The follow-up period after implant
loading varied and was between 6 and 14 months.
Table 3 presents the bias assessment tool results. One study
was financially supported by Brazilian agencies Fapesp and
CNPq.14 Another study was supported by Bioteck, Arcugnano

(VI), but the authors stated the data was their own.22 All other
articles declared no conflict of interest or did not discuss
conflict of interests. All studies were conducted at universities
except for 1 study at a private clinic19 and 1 study that collected
patients from a private clinic and a university.22 All studies
collected data prospectively. All studies had clear objectives
and clearly described their main outcomes.

DISCUSSION

Autogenous bone appears to be the current gold standard for
alveolar ridge augmentation against which other materials are
chosen to be compared.14–18,21,22 Per the current review, most
studies compared autogenous bone material to another
material type. The results of these studies do not suggest that
autogenous bone has significantly greater implant or prosthesis
success rates. Some studies suggested that autogenous bone
has lesser healing time and better compatibility with native
bone because of noticeably greater integration although not
statistically more significant than its comparators.14,22 A major
implication of this review is that autogenous grafts may not be
a clinically superior choice for alveolar ridge augmentation as
they are associated with more pain and morbidity.15,22–24
These results are in general concurrence with the current
comparative literature on bone graft materials. A systematic
review of randomized clinical trials of bone graft materials for
dental implants showed that there was no significant difference
in bone gains between materials.25 The authors also similarly
concluded that nonautogenous bone grafts are a feasible
alternative to autogenous grafts. Another systematic review
and meta-analysis of the effect of bone graft materials on
healing time of sinus floor augmentation concluded that
Journal of Oral Implantology
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CONCLUSION

The results of this systematic review of the literature suggested
no clinically significant differences between autogenous bone
types and other bone substitutes in terms of implant and
prosthesis survival and success. Future studies should be
promoted to compare outcomes of dental implants between
nonautogenous bone grafts. Longer-term follow-up studies are
necessary for our future understanding and decision making in
that field.
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ABBREVIATIONS
BMP: bone morphogenic protein
DFDBA: demineralized freeze-dried bone allograft
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autogenous grafts have significantly greater growth of new
bone vs xenografts, allografts, or alloplasts.24 However, the
authors did conclude that the nonautogenous bone graft
materials would be viable alternatives because of lesser
morbidity and limited availability.26 A systematic review of
clinical outcomes of autogenous bone and other bone
substitutes for sinus floor augmentation showed the current
evidence does not favor autogenous bone over the others.27
The implications of this article’s results are supportive of the
current standing of bone augmentation literature in dentistry.
When performing the MEDLINE search, there were no other
reviews found of this nature; however, it should be noted that
other reviews have looked at bone augmentation materials but
not exclusively for human comparative studies for horizontal
and vertical augmentation. Furthermore, the results do concur
with current bone augmentation literature.
There are several limitations of this review. There were only
9 articles finally included under the stated search query and
inclusion/exclusion criteria. Most of the articles (Appendix Ia
and Ib) have autogenous bone as one of the compared bone
materials. This resulted in less information about the relative
efficacy of xenograft, allograft, and alloplast bone materials. A
meta-analysis was not possible because of the low number of
articles, small sample sizes, variable procedures, and short
follow-up periods. These limitations have been cited in similar
reviews.25
Disappointingly, the follow-up times of the selected
publications ranged from 4 months postaugmentation to 16
months postloading of implants. Longer follow-up times are
needed to truly assess the long-term success and failure rates of
implants in the different bone graft materials’ types.
As smokers were included in multiple studies in this review,
it is worth discussing the clinical significance of tobacco
smokers.15,19,22 Smoking is associated with greater risk of
alveolar bone loss around dental implants.28–32 However, some
articles have shown that although smoking does contribute to
peri-implant bone loss, it has not been shown to be correlated
with greater implant failures.33–35 Thus, it is feasible to conclude
that including smokers would not be a limitation of these
studies.
Future directions of research should have long-term followup postaugmentation and postimplantation of at least 5 to 10
years. As nonautogenous bone substitutes are deemed
comparable and in some respects advantageous to autogenous
bone, future studies should compare nonautogenous bone
substitutes to each other to determine if there are differences
in vitality, osseointegration, or clinical outcomes.
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Reference

Follow-up

Fontana et al16

Felice et al16

Complications
1 patient had block mobility due
to intrasurgical complications; 1
patient had an exposed graft at
30 d but was treated with no
further complications; both
patients were in the allogenic
material group

Main Results

Observation/Strength/Limitation

Statistically significantly more vital bone (P ¼ .0002) and More resorption for allogenic bone was deemed to
explain the less vital bone found relative to
less soft connective tissue (P , .001) in autogenous
autogenous grafts; this difference is partially attributed
versus allogenic group
Less necrotic bone was found in autogenous bone group
to the different architecture of the allogenic bone
Mini-implant was placed perpendicular to augmented
but not statistically significant
site; no real implants
More BIC and more bone between implant threads for
autogenous bone group
Group allocation was not random as subjects with less
No significant difference of BIC or bone between threads
donor intraoral bone were assigned to the allogenic
between groups
group
Sample was small but gave significant results
Remodelling delay of allogenic grafts
Bone augmentation procedure Autogenous group: 1 patient had Autogenous average vertical bone height was 5.1 mm (P Nonsignificant bone loss for autogenous bone can be
explained by the larger variation of the results in that
to 1 mo after final
a dehiscence and a later
, .001); bovine bone had an average bone height of
group as 1 graft failed; the bovine group has less
prosthesis loading (14 mo
implant exposure; 1 patient was
6.2 mm (P , .001); both are gains are significant but
variation
postaugmentation)
a complete prosthesis failure
difference between groups was not statistically
Authors concluded Bio-Oss to be more favorable over
Xenograft group: exposed bone
significant
autogenous bone due to reduced patient discomfort
which was treated without
Difference in prosthesis and implant failures was not
3 smokers
further complications
statistically significant
Bone loss for bovine was significant (P , .001) unlike
autogenous bone, however the difference in bone loss
between bone groups was not significant
Bio-Oss group regained mental sensitivity significantly
faster (4 vs 6.3 d; P ¼ .03)
More patients preferred bovine Bio-Oss versus
autogenous bone
Postprosthetic and radiologic
Autogenous bone group: 1
Mean autogenous vertical bone gain ¼ 4.7 mm (SD 0.48 Small sample size thus results could not be statistically
mm)
analyzed
follow-up was 1–3 y
patient had an exposed
Interface between the autogenous graft and native bone
membrane which was treated
Mean allogenic vertical bone gain ¼ 4.10 mm (SD 0.88
without further complication
mm)
was indistinguishable at certain areas of BIC
Autogenous BIC ¼ 32.8% (SD 17.43%)
Osteoid and bone marrow was present in the middle and
Allogenic BIC ¼ 25.25% (SD 7.09%)
coronal third where lamellar bone was near apical
third
Soft tissue layer between membrane and regenerated
bone was detected in areas not filled
Similar osteogenic behavior between allogenic and
autogenous bone
Longer follow up needed

Spin-Neto et al14 Mini implant was inspected 6
mo postimplantation for
maxillary and 4 mo for
mandibular
Biopsies retrieved at 6 mo
postaugmentation
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Reference

Follow-up

Journal of Oral Implantology

Felice et al20

6 mo postloading (12 mo
postaugmentation)
1 y and 3 y postloading data
will be in successive
publications

Merli et al19

Complications
No complications

Main Results
Histomorphometric results: autogenous new bone
amount: 62.38% 6 13.02%; autogenous and BPBM
new bone amount: 52.88% 6 11.47% (no significantly
difference between groups)
Soft tissue amount: autogenous bone 37.61% 6 13.02%;
autogenous and BPBM 29.96% 6 12.58%
Residual volume for mixed autogenous and BPBM bone
was 17.16% 6 2.72%
Percentage of bone formed in maxilla (55.21% 6 8.32%)
was not significantly difference than bone formed in
mandible (60.05% 6 16.49%)
No statistical difference of new bone between groups
Autogenous bone MVD ¼ 25.6 6 3.425
Bovine Bio-Oss MVD ¼ 29.7 6 2.4
Control MVD ¼ 25.6 6 3.43
MVD difference between autogenous and bovine Bio-Oss
groups is not statistically significant
MVD of both groups relative to the control was
statistically significant (P ¼ .023)
Slight significant difference between groups was periimplant bone loss favoring the alloplast group
No implant failures observed
Pain scale was low for both groups

Observation/Strength/Limitation

Variable implant brands were used between patients
Small sample size yet significant results still produced
3 smokers (less than 15 cigarettes/d)
Xenograft requires less invasive procedures for patient
and thus may be preferable as both groups have
similar results

Synthetic resorbable bone resorption is 6–18 mo whereas
Bio-Oss resorption is questionable.
4 smokers in bovine Bio-Oss group and 3 smokers in
synthetic resorbable bone group

Different times of implant placement for each group;
implants placed 3 mo for autogenous bone and 6 mo
for Bio-Oss due to faster resorption times

Combination of BPBM and autogenous bone did not
yield a lower percentage of new bone relative to 100%
autogenous bone
BPBM particles had newly formed bone surrounding
them; potentially osteoconductivity is observable.
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Bovine Bio-Oss—3 complications:
(1) dehiscence of mucosa at 90
d after surgery; (2) purulent
exudate 60 d after surgery; (3)
tingling and hyposensitivity 7 d
after surgery
Synthetic resorbable bone group:
dehiscence of mucosa 30 d
after surgery, and 2 incidents of
purulent exudate 14 d after
surgery
No significant difference of
complications between the
groups
No failures
Significantly more residual graft in the bovine (Bio-Oss)
Follow up was 3 wk, 6 wk and No significant difference in
group (10–13%) (P ¼ .009)
complications and failures
3 mo postaugmentation.
1 y postloading both groups lost statistically significant
between groups
Followed up 1 y after Felice et
amounts of peri-implant marginal bone but no
Autogenous bone group: 1
al15 (16 mo postloading)
significant differences between groups (autogenous
augmentation failure, 1
bone group: 0.83 mm; bovine Bio-Oss group: 0.59 mm)
prosthesis failure, 2 implant
failures, 1 peri-implantitis, 2
infections
Bovine Bio-Oss group: 1 prosthesis
failure, 1 implant failure, 1 soft
tissue dehiscence

NA

Piatelli et al18

Corinaldesi et al17 8–9 mo post-augmentation

Continued

Appendix Ia

Chavda and Levin
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Vol. XLIV / No. One / 2018
Main Results
Delayed remodeling in the allogenic group
Clear interface between allogenic graft and native bone
but difficult to distinguish interface between
autogenous graft and native bone
Less vessel penetration in allogenic bone
Pain: 14 autogenous patients had moderate pain and 6
xenograft patients had moderate pain 3–6 d
10 iliac crest patients and 1 Xenograft patient had
moderate pain at 10 days14 patients harvested iliac
crest were hospitalized for 3.1 nights vs 7 patients for
1.4 nights
Total infirmity days: autogenous: 126 d; xenograft: 23
Partial infirmity days: autogenous: 220 d; xenograft: 93
Patients fully satisfied with prosthesis function:
autogenous: 17; xenograft: 19
Patients satisfied with prostheses aesthetics: autogenous:
18; xenograft: 12

*M indicates male; F, female; NA, not applicable; BIC, bone-implant contact; BPBM, bovine porous bone mineral; MVD, micro-vessel density.

4 mo postloading of implants

Autogenous group: 1 implant
failure
Xenograft group: 11 implant
failures in 4 patients
Prosthesis delay: 1 in autogenous
group; 4 in xenogenic
groupComplications: 4 in
autogenous group; 15 in 12
xenograft patients7 consecutive
failures occurred with xenograft
treated mandibles
10 total graft failures (equine and
mandibular) and 3 partial graft
failures (all maxillary; 2 equine
and 1 iliac crest)

Complications

Pistilli et al22

Follow-up
No complications

Reference

Spin-Neto et al21 Biopsied 7 mo
postaugmentation.

Observation/Strength/Limitation

No differences between outcomes of 2 centers with
exception of prosthesis failures and complication
Patients grouped as non-smokers, moderate smokers
(under 10 cigarettes/d) and heavy (over 10 cigarettes/
d)
Different healing times—4 mo for autogenous graft and
7 mo for xenografts
Difference of autogenic bone site (iliac crest vs ramus)
was based on patient donor capacity and needs
Mandibular atrophied patients were no longer recruited
due to consecutive failures
More smokers in xenograft group vs autogenous group
Iliac crest was used for harvesting if more than 10 mL of
autogenous bone was needed.

Maxilla only
Patients received 1–6 grafts.
Autogenous bone is overall more vascular and integrated
in a shorter time
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Journal of Oral Implantology

83

10

Felice et al16

Piatelli et al18

Corinaldesi et al17

18

12

5

34

Spin-Neto et al14

Fontana et al16

Population
Total

49 (33–62)

57 (49–67)
49.33 6 5.08
(42–55)

55 (47–66)

NA

47 (27–29)

Average Age
(Range)

12 M; 6 F

6 autogenous subjects
(2 M; 4 F)
6 autogenous and
BPBM (3 M; 3 F)

All F

4 M; 6 F

12 M; 22 F

Sex

Partially edentulous patients
(maxilla or mandible)
requiring implants with
Cawood and Howell Class V
or VI defects where teeth
had been extracted .6 mo
previously
6 maxillary and 6 mandibular
patients
At least 1 maxillary ridge
defect resulting from
extractions
Implants placed not stated as
this occurred after the study

Bilateral posterior mandibular
partial edentulism in whom
vertical bone augmentation
was needed for esthetics or
function
Subjects had a vertical defect
greater than 3 mm.

Bilateral partial edentulism in
posterior mandible with 5–7
mm residual bone height
and at least 5 mm thickness
above alveolar canal

At least 1 site with ,4 mm
deficiency of alveolar ridge
width and need regularsized implant

Population
Characteristics

Autogenous bone
(intraoral)
Xenograft (bovine Bio-Oss)
Control (nonaugmented
sites)

Autogenous bone (ramus)
70% autogenous (ramus)
and 30% BPBM

Autogenic bone
(retromolar region)
Allogeneic bone (DFDBA)

Autogenous bone (iliac
crest)
Xenograft (anorganic
bovine blocks [Bio-Oss])

Autogenous (ramus)
Allogenic (fresh frozen
bone)

Compared
Materials
Procedure

Vertical ridge augmentation with
implants placed 3 months
postaugmentation (autogenous
bone) or 6 mo (bovine Bio-Oss)
Biopsies retrieved during implant
placement
18 patients had 12 autogenous and
12 Bio-Oss grafts retrieved

2 stage bilateral vertical ridge
augmentation
Split-mouth design approach with
titanium reinforced e-PTFE
membrane
Guided bone regeneration techniques
25 implants total: 13 autogenic and
12 allogenic
Vertical ridge augmentation with
titanium micromesh
Implant placed and biopsy retrieved
8–9 mo postaugmentation
Prostheses placed 3 mo after implant
placement for mandible and 4 mo
for maxilla. Fixed implant-supported
prosthesis fabricated

Lateral ridge augmentation
Implants placed, biopsies retrieved,
and mini-implants placed 6 mo
postaugmentation
Healing abutment placement done 4
mo later for mandible and 6 mo
later for maxilla; mini-implants were
retrieved
From the total, 12 allogenic and 8
autogenous subjects had miniimplants placed to assess BIC and
amount of bone between threads
of implant
Posterior mandible interpositional
block grafts
Vertical augmentation for 2 implants
per side
38 total implants placed

Downloaded from http://meridian.allenpress.com/joi/article-pdf/44/1/74/2033695/aaid-joi-d-17-00053.pdf by guest on 06 December 2021

Reference

MVD in Haversian canals
and marrow spaces of
graft bone

Mean total bone volume
Residual graft volume
Soft tissue

Prosthesis failure
Implant failure
Biological or prosthetic
complication
Patient preference
Peri-implant bone height
Vertical bone gain
Recovery time (days)
Vertical bone gain
Biologic complications
BIC

Vital bone; necrotic bone;
soft tissue; BIC; bone
between implant
threads

Outcome

Summary of final selected publications including population total, average age, sex, population characteristics, compared materials, procedure, and outcome*

Appendix Ib

Chavda and Levin

Vol. XLIV / No. One / 2018

10

12

40

Felice et al20

Spin-Neto et al21

Pistilli et al22

NA

Average age ¼
NA
Age range ¼
25–60 y

54 (32–73)

NA

NA

5 M; 7 F

4 M; 6 F

NA

Sex

Partially or totally edentulous
patients needing titanium
implants with at least 1 site
of bone deficiency (,4 mm
alveolar ridge width)
6 patients for autogenous and
6 for allografts
Total or partially edentulous
patients with less than 5
mm of crestal bone height
and/or less than 3 mm
bone thickness and 3 mo
postextraction.
Patients had to be in need of
veneer or onlay block
2 moderate smokers were in
autogenous (10%)
5 moderate smokers and 3
heavy smokers were equine
(40%)

Posterior mandible residual
bone height between 5–7
mm and thickness of at
least 5 mm above inferior
alveolar canal and requires
augmentation for 2
implants per side

Horizontal defect due to
extraction that occurred at
least six weeks before
implant placement
Bovine Bio-Oss group: 25
patients (32 implants)

Compared
Materials

Autogenous (iliac crest or
ramus)
Xenograft (equine blocks
of spongious bone)
81 implants in
autogenous; 64 implants
in equine bone

Autogenous (extra-oral or
retromandibular region)
Allograft (fresh-frozen
bone)

Xenograft (anorganic
bovine bone Bio-Oss)
with collagen porcine
membrane
Alloplast (synthetic
resorbable bone [pure
beta-tricalcium
phosphate])with porcine
pericardium collagen
membrane
Autogenous (iliac crest)
Xenograft (anorganic
bovine bone Bio-Oss)

Continued
Population
Characteristics

Prosthesis failure
Implant failure
Complications
Patient satisfaction
Pain
Hospitalization days
Total and partial infirmity
days

Area of residual bone
Interface of graft and
native bone
Area of unmodeled graft
bone.

Vertical bone gain
Prosthesis failure
Implant failure
Biological or prosthetic
complications
Peri-implant marginal
bone levels
Split mouth design and vertical
augmentation via interpositional
block grafts
Implants placed 4 mo
postaugmentation
Provisional prosthesis placed 4 mo
post–implant placement
Definitive prosthesis 4 mo later
38 implants total (mandibular)
Horizontal ridge augmentation (onlay
bone grafts) followed by fixed or
definitive prosthetics
40 implants placed
Patients had 1 to 6 graft blocks
resulting in 12 autogenous grafts
and 17 allogenic grafts
Horizontal and vertical augmentation
Implants placed 4 mo later for
autogenous bone and 7 mo later
for xenografts
Followed by bar-retained
overdentures or provisional
prostheses 4 mo later.
Definitive fixed prostheses 4 mo later
28 maxillary patients (15 autogenous
and 13 xenogeneic)
12 mandible patients (5 autogenous
and 7 xenograft)
Parallel group design

Outcome
Implant failure
Complications
Clinical bone gain
Complete filling of bony
defect
Chair-time
Postoperative pain
Peri-implant marginal
bone level changes

Procedure
One-stage procedure for vertical and
horizontal bone augmentation with
porcine collagen membranes
followed by implant placement
Synthetic resorbable bone group: 25
patients (29 implants)

*M indicates male; F, female; NA, not applicable; BIC, bone-implant contact; DFDBA, demineralized freeze-dried bone allograft; BPBM, bovine porous bone mineral; MVD, micro-vessel density.

50

Average Age
(Range)

Downloaded from http://meridian.allenpress.com/joi/article-pdf/44/1/74/2033695/aaid-joi-d-17-00053.pdf by guest on 06 December 2021

84

Merli et al19

Reference

Population
Total
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