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1  |  WHY BONE BLOCK GR AF T FOR 
ALVEOL AR RIDGE AUGMENTATION?

Edentulism has a high negative impact on people's quality of life 
and despite the notable advances regarding treatment and pre-
vention of oral diseases, it affects a considerable portion of the 
global population, that is, about 22% of the word population 
have some type of edentulism.1,2 Dental implants are nowadays 
a standard treatment for the rehabilitation of partially or totally 
edentulous patients with very good long-term results, in terms of 
high survival rates of the implants and the prostheses (i.e., around 
85%–95% after 10 years in function)3 and improvement in quality 
of life.4

Proper implant therapy dictates that the implant is fully sur-
rounded by bone; however, tooth loss often causes significant re-
duction in the alveolar ridge width which may prevent appropriate 
implant installation,5,6 despite recent developments in dental im-
plant technology, providing implants of reduced dimensions7,8 and 
made of special alloys with increased strength.9 It is thus common 
that with the available alveolar ridge dimensions proper implant in-
stallation is not possible10 or a harmonic (aesthetic) result cannot be 
obtained.11 Thus, bone regeneration procedures are often needed to 
generate bone, allowing proper implant installation.10

In this context, the possibilities for oral bone regeneration 
procedures vary depending on the type of bone defect to be 
treated.12,13 Bone defects can be divided in confined/contained 
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defects, for example the tooth post-extraction socket13 or 
non-confined/non-contained, for example the atrophic (healed) 
alveolar showing limited bone volume in thickness or height.12 
Bone regeneration procedures in contained defects have better 
predictability, due the greater number of bone walls that serve as 
a source of tissue resources (e.g., undifferentiated mesenchymal 
cells, matrix residing growth factors etc.).13,14 Further, a contained 
defect morphology facilitates use of bone grafts in particulate 
form; bone graft particles exhibit a large contact surface and thus 
increased potential for osteoconduction.15

In contrast, atrophic alveolar ridges are non-contained defects 
and pose a more challenging defect morphology for bone regener-
ation/augmentation. This is partly to the reduced tissue resources 
due to the reduced number/absence of bone walls, but also due to 
the reduced vascularization of the area associated with the cortical-
ized recipient bed5,16; nevertheless, the latter issue is usually eas-
ily overcome in the clinic by perforating the recipient cortical bed, 
providing access to the bone marrow compartment and enhancing 
bleeding.16 Another major issue challenging bone augmentation in 
atrophic ridges is the reduced mechanical stability of the wound 
complex and of the regenerate after closure and during the early 
healing period; mechanical stability is important for bone healing 
per se, but also in terms of space provision regarding the shape/vol-
ume of the regenerated bone. In the clinic, mechanical stability of 
the wound/regenerate in non-contained defects, when particulate 
grafts are used, is attempted with the use of a membrane and ap-
propriate management (e.g., tightening and fixating the membrane 
with pins) and/or using reinforced membranes (e.g., with titanium), 
or using metal meshes.17,18 Indeed, successful results are regularly 
obtained with the use of particulate grafts in combination with 
membranes (i.e., with guided bone regeneration; GBR), more-or-less 
irrespective of the type of graft.19 Nevertheless, pre-clinical studies 
indicate that even with excellent space provision, there may be a 
limit in the extent of bone regeneration from a horizontal cortical 
bone wall or defects with limited-due to their shape-bone tissue re-
sources, despite grafting.20–24 This in turn would translate into that 
there is a certain limit in the amount of augmentation that can be 
achieved with GBR and particulate grafts in the clinic. Thus, in cases 
of very narrow ridges, where there is a need of larger amount of 
bone augmentation, block grafts can be an alternative. Indeed, larger 
amounts of alveolar ridge augmentation have been reported with 
the use of bone block grafts compared with what achieved with par-
ticulate grafts.25,26

2  |  AUTOGENOUS- AND FRESH-FROZEN 
ALLOGENEIC BONE BLOCK GR AF TS

Autogenous (AT) bone is the most complete grafting material, as it 
provides not only the bone producing osteoblasts (i.e., osteogene-
sis), but also provides a scaffold for osteoblasts to proliferate and lay 
bone upon (i.e., osteoconduction) and osteogenic growth factors, for 
example, bone morphogenetic proteins, that enhance differentiation 

and proliferation of undifferentiated cells towards osteoblasts (i.e., 
osteoinduction).27 Furthermore, AT bone is gradually largely re-
modeled (resorbed and replaced) and there are no problems with 
histocompatibility and immunologic reactions, and obviously there 
is no risk of disease transmission.27 Therefore, AT bone grafts are 
often referred to as the gold standard. Nevertheless, harvesting an 
AT bone block, has drawbacks; surgery is relatively cumbersome, as 
it often necessitates the use of a second surgical site, thus adding 
to patient suffering due to donor site morbidity, extended surgical 
time, and increased post-surgical pain; there is also a risk for nerve 
and soft tissue injuries; and occasionally, the quality and quantity of 
available bone does not allow harvesting of a bone block, for exam-
ple, in small size jaws after long-term edentulism.28,29

Allogeneic (AL) bone, in particular fresh-frozen bone (FFB) 
blocks (i.e., collected from another human, deceased or alive) have 
been proposed as an alternative to AT bone blocks30,31; AL bone is 
in general a widely used material, not only in dentistry, but also in or-
thopedics, with the obvious advantages of unlimited availability and 
reduced surgical time.32 Concerns of the past about the use of AL 
bone, in terms of risk of disease transmission (e.g., hepatitis or HIV) 
and antigenicity33,34 have been lessened during recent years due to 
the very strict guidelines for donor bone tissue sources and process-
ing.35 For example, in the protocol of the American Association of 
Tissue Banks, strict screening of the medical and social background 
of the donors is carried out; for example, no history of infection or 
infectious potential prior to harvesting, afebrile hospital stay, no res-
pirator >72 h, no chronic or infectious disease, no chronic steroid 
drug use, no lifestyle associated with high risk of HIV, etc. For the 
FFB blocks, the harvested bone tissue is specifically processed, in-
cluding removal of all soft tissues and periosteum, serial washing in 
sterile saline including antibiotics, and then packed and freezed at 
temperatures varying from −20°36 to −40° or −80°.37,38 In this con-
text, it has been estimated that with the above processing, including 
the donor screening process, the risk that a FFB graft is contami-
nated with HIV, is 1 in 8 million.39

This processing has the additional advantage that although it de-
vitalizes the very large majority of cells in the bone block, it does not 
compromise the mechanical properties of the bone block, in contrast 
with other methods of AL bone processing, for example, freeze-dry-
ing under vacuum (lyophilization) and/or demineralization, which 
weaken the bone block.40,41 Thus, FFB blocks are very similar to AT 
bone blocks, regarding structural stability and composition in terms 
of matrix and growth factors.

3  |  FFB VERSUS AT BONE BLOCKS: 
SYSTEMATIC APPR AISAL OF PRE- CLINIC AL 
IN VIVO AND CLINIC AL STUDIES

For an objective evaluation of the potential of FFB blocks in com-
parison with AT bone blocks for alveolar ridge augmentation, a sys-
tematic search of the pre-clinical in vivo and clinical literature was 
conducted, following a PICO question structure:
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I. for pre-clinical in vivo studies: (P) In animals, (I) subjected to bone 
augmentation, what is the effectiveness of (C) FFB blocks compared 
with that of AT bone blocks in terms of (O) healing/integration, and/
or amount/volume of augmentation/block resorption, and/or dental 
implant integration.

II. for clinical studies: (P) In patients, (I) subjected to alveolar ridge 
augmentation, what is the effectiveness of (C) FFB blocks compared 
with that of AT bone blocks in terms of (O) healing/integration, and/
or amount/volume of augmentation/block resorption, or dental im-
plant survival and/or early/late post-surgical complication rate.

Three databases were searched (PubMed, EMBASE, and Scopus), 
with no time and language restrictions, independently by two evalu-
ators (VXRO and CCM); in case of disagreement on an article, a third 
evaluator (GJO) decided whether to include or exclude the article. 
Details of the search as well as of the flowchart of search results are 
presented in Appendix A and Figure A1.

3.1  |  Pre-clinical in vivo studies

Three publications from pre-clinical studies, on bone block aug-
mentation with FFB versus AT bone, using different rabbit models 
(i.e., mandible,42,43 tibia44) were identified as suitable for inclusion 
(Table 1). In two of the studies, bone block integration was assessed 
with histology and immunohistochemistry,42,43 while in the third 
study, titanium implant osseointegration in conjunction with bone 
block grafting was assessed biomechanically and histologically.44 In 
general, AT bone blocks showed faster resorption/remodeling and 
integration compared to FFB blocks, thus AT bone blocks showed 
some volume loss, while FFB blocks were more stable; further, the 
vital portion of AT bone blocks was much larger compared with that 
in FFB blocks, which were mainly acellular (necrotic) irrespective the 
observation time and integration grade.42,43 In the single study in-
volving implants, no differences in terms of amount of implant osse-
ointegration, assessed histomorphometrically (i.e., amount of direct 
bone-to-implant contact; BIC) and with biomechanical testing (i.e., 
implant removal torque test) was observed.44

3.2  |  Clinical studies—performance and histological 
results of FFB blocks versus AT bone blocks

Nine publications from clinical studies, on alveolar ridge augmentation 
with FFB blocks versus AT bone blocks were identified as suitable for 
inclusion. Seven publications focused on clinical, histological, and/or 
aspects of FFB blocks and AT bone blocks,45–51 while the remaining 
2 publications focused on safety and patient-related outcomes52,53 
(Table 2). Of these 9 publications, only 1 regarded a randomized con-
trolled trial46; the remaining 8 publications were from non-randomized 
parallel-arm studies. Most of the studies report on aspects related to 
FFB block versus AT bone block grating only until implant installation, 
that is, they do not report on the outcome of implant therapy; only 
2 publications refer to outcomes related to the implants installed.45,51 TA
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Noteworthy, the publications of Spin Neto et al. derive from the same 
group of patients. In all studies, the FFB blocks were brought to room 
temperature prior to use, then trimmed and adapted to fit, and fixed 
onto the perforated recipient bed, with screws; the gaps between 
the bone block and the recipient bed were commonly filled out with 
bone particles from the same type of bone as the block (i.e., FFB or 
AT bone), and everything was covered with a collagen membrane, and 
submerged; patients received, as standard, systemic antibiotics pro-
phylactically and post-surgically; antiseptic chlorhexidine rinsing was 
used for several days post-operatively; implants were inserted after a 
period of 5–9 months of healing (Figure 1).

The histological results reported in the studies derive mainly 
from bone-core biopsies—harvested by means of trephine burs—
during implant placement some months after the augmentation pro-
cedure, either from the implant site or from the buccal aspect of 

the block-augmented alveolar ridge. In 3 publications, from the same 
research group, the biopsies from the AT bone blocks presented 
with larger areas with vital bone compared with those from the FFD 
blocks, which were largely non-vital47–49 (Figure 2). In particular, one 
of the publications looked specifically in the histological differences 
in FFB blocks depending on their spatial architecture in terms of cor-
tical/cancellous bone.49 In this study, it was observed that primarily 
cortical FFB blocks, retrieved from the tibia, presented significantly 
less areas of vital bone, compared with primarily corticocancellous 
FFB blocks retrieved from the femoral head and/or patella (4% vs. 
9%, respectively); in contrast, AT bone blocks, harvested from the 
ramus (primarily cortical) showed 25% vital bone. Furthermore, 
higher amounts of non-vital bone were regularly observed in the 
part of the biopsies representing aspects of the FFB block distant 
to resident bone. These observations may explain the contradictory 

F I G U R E  1  Representative case of a patient with a very thin alveolar ridge in the maxilla, treated with FFB block grafting (case provided 
by Prof. Elcio Marcantonio Jr.). Clinical view (A), 3-D printed model of the maxilla (B), and intra-surgical clinical view (C). First the bone bed 
was wounded with a bur to provide access to induce bleeding and/or provide access to the marrow (D), then FFB blocks were trimmed and 
adapted, and fixed in place with screws (E, F), and the gaps in-between the blocks and the bed were filled with particulated FFB (G) and 
covered with a collagen membrane (H). After about 6 months, the blocks appear well integrated (I) and the alveolar ridge is clearly wider (J), 
except from the area between tooth 11–21, where the block was loose and had to be removed (K); this event, however, did not preclude 
installation of implants in the planned position. FFB, fresh-frozen bone.
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findings in the remaining 3 publications reporting histological data, 
where no differences in the amount of vital bone between the two 
types of bone blocks were observed.45,46,51 Indeed, in the studies 
reporting no differences in terms of vitality between FFB blocks and 
AT bone blocks, corticocancellous blocks from hip were used.45,46 
Nevertheless, the difference in vitality between FFB and AT bone 
blocks seems not to have a major negative impact on osseointegra-
tion; in one of the studies, where mini-implants were intentionally 
placed perpendicularly to the bone block during the grafting pro-
cedure, in order to be retrieved later for histomorphometrical as-
sessment, no significant differences in terms of BIC were observed 
between implants placed in FFB blocks and AT bone blocks (38.1% 
vs. 47.1%, respectively).48

In terms of block graft volume stability, a larger resorption during 
the integration face was reported for the FFB blocks compared with 
the AT bone blocks.46,49,50 The extent of volume loss seems related 
to the relative amount of the cancellus component of the graft, that 
is, more volume loss, the more cancellous the block is45,49; how-
ever, this property (drawback) of FFB blocks did not compromise 
implant installation significantly, that is, no big changes in terms of 
patient rehabilitation were reported in those studies due to bone 
block resorption. In two of the publications, the impact of FFB block 
grafting on the immune system was addressed by assessing various 
inflammatory markers in the systemic circulation of patients receiv-
ing either FFB blocks or AT bone blocks, 2 weeks after the grafting 
procedure52,53; these studies showed, that irrespectively from the 
number of bone blocks used (from 1 to 6 blocks), FFB block grafting 
seem not to challenge the immune system significantly.

3.3  |  Clinical studies—complications with FFB 
versus AT bone block grafting

A relevant aspect when considering FFB blocks as an alternative 
to AT bone blocks is potential differences in the rate of early/late 
complications, either associated with the grafting procedure itself 

(e.g., block exposure and/or loss) or implant-related complications 
(e.g., early/late implant loss or peri-implantitis). Indeed, early com-
plications were seldom with AT bone blocks, which seem to almost 
never fail when the grafting procedure is performed by experienced 
surgeons. In contrast, FFB block grafting seems to be more prone for 
early post-operative complications compared with AB blocks graft-
ing. Specifically, wound dehiscence and FFB block exposure was the 
commonly reported complication, while FFB block loss was a rather 
rare event and occurred in only a few patients, and regarded only a 
few of the grafts.45,48,51 Lack of FFB block integration, is more often 
a late complication, discovered during second stage surgery for im-
plant installation (Figure 1I–K). Management of wound dehiscence 
depends on the size of block exposure and the quality of fixation 
of the block. Smaller exposures with properly fixed blocks can be 
treated with removal/trimming of the exposed necrotic part of the 
block and application of chlorhexidine locally; in cases of large wound 
dehiscence and poor block fixation, the block must be removed.48,51 
When lack of bone block integration is discovered at second stage, 
then the procedure may need to be repeated or the prosthetic plan 
revised.51 In this context, recipient bed perforation to the bone mar-
row and good adaptation and fixation of the FFB block on the bed, 
similarly to the standard procedure for AT bone block grafting,54 are 
factors considered reducing the risk for block failure.

In the only 2 publications reporting about the implants in-
stalled,45,51 late complications were observed in several patients 
treated with FFB blocks (e.g., soft tissue dehiscence and bone se-
questration, graft resorption, implant associated infection/loss of 
osseointegration, peri-implantitis), while no remarkable late com-
plications were reported regarding AT bone blocks. The reported 
implant survival and success rates ranged from 89%–93% and 
82%–88%, respectively, regarding the implants installed in the FFB 
block-augmented sites; no late complications were reported regard-
ing implants inserted in AT bone block-augmented ridges in these 
studies. Nevertheless, the timeframe the complications occurred, 
or the implant survival/success rates are referring to, is unclear 
in these 2 publications. In this context, several, non-comparative 

F I G U R E  2  Representative aspects from bone-core biopsies from FFB and AT bone blocks, harvested at the timepoint of implant 
installation, about 6 months post-grafting. (A) The FFB blocks were often largely non-vital, as evident from the empty ostocyte lacunae (red 
arrowheads), although signs of revitalization could be observed at the periphery of the graft, as evident by the presence of vascular elements 
within the haversian channels (green arrowheads) and new bone apposition (blue arrowheads). (B) The AT bone blocks were largely vital, 
as evident from the presence of ostocytes and areas of new bone formation (blue arrowheads), and by the presence of vascular elements 
within the haversian channels (green arrowheads). Areas where the block was non-vital, as evident from the empty ostocyte lacunae (red 
arrowheads), were also observed. FFB, fresh-frozen bone.
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studies (i.e., studies not including a direct comparison with AT bone 
blocks), mostly with short- or medium-term observation time, report 
high survival rates for implants in FFB block-augmented jaws. For 
example, in a study with 16 patients and 34 implants, all implants 
survived from 18 to 30 months,55 while in another, retrospective, 
study with an average follow-up of 23 months a survival rate of 
99.2% was reported for 133 implants installed in 41 patients.56 In 
contrast, relatively low survival rates have been presented in other 
studies, reporting on long-term outcomes of implants installed in 
FFB block-augmented jaws. For example, in a study including 45 pa-
tients with 262 implants, an implant survival rate of about 91% after 
an average follow-up time of about 4 years was reported; most of the 
losses occurred after 3.5 years from implant installation.57 Similarly, 
in a retrospective study of 262 implants installed in 45 patients, 
an implant survival rate of 91% after an average observation time 
of 5 years was reported; implant losses were due to loss of osse-
ointegration and occurred between 2.5 and 7 years (the majority of 
implants were lost after 4–5 years of loading).58 In yet another publi-
cation on 69 patients with 287 implants, a survival rate of 98% over 
an average follow-up time of 26 months was observed; however, in-
creased marginal peri-implant bone loss (>2.1 mm) at 4 years post-op 
was observed, resulting in a success rate of only 40%.59 In this con-
text, a recently published systematic review on survival rates of im-
plants placed in connection all types of AL bone blocks, concluded 
that FFB blocks are associated with in rather unfavorable outcomes 
compared with AT bone blocks; in this review, an average implant 
survival rate of 96% after an average follow-up of 3 years was cal-
culated from 77 publications including 6861 implants placed in con-
nection with 2397 AT bone blocks in 2195 patients.60 The increased 
rates of complications and/or failures associated with FFB block 
grafting—especially regarding the early complications—has been at-
tributed partly on the fact that in most studies, patients were fully 
edentulous and in the need of large augmentations, which in turn in-
creases the risks of complications; indeed, in several studies, lack of 
enough autogenous bone for harvesting was the reason for patient 
inclusion in the FFB block group (e.g., Spin Neto et al.). Another ex-
planation, however, for the increased rate of implant loss and/or fail-
ures should be attributed in the lack of complete integration of the 
FFB blocks. This results into larger portions of the block remaining 
non-vital, and thus, being more prone to develop microcracks during 
implant loading compared to vital bone; consequently, as there is 
basically no capacity for microcrack repair in non-vital bone, these 
propagate and result in complete fractured bone pieces that exfoli-
ate (bone sequestration) or loss of implant osseointegration.

4  |  CONCLUDING REMARKS

Based on the histological observations in the pre-clinical studies, 
together with the histological observations from the bone-core bi-
opsies in the clinical studies herein, and considering the long-term 
complications reported, it seems reasonable to conclude that a FFB 
block graft: (a) cannot be considered as a reliable replacement of a 

AT bone block, and (b) should only be considered in cases where the 
amount of necessary augmentation—in a lateral direction—is rela-
tively limited, so that the main portion of the body of the implant lies 
within the inner (i.e., the vital) aspect of the block.

AUTHOR CONTRIBUTIONS
All listed authors should have contributed to the manuscript sub-
stantially and have agreed to the final submitted version.

FUNDING INFORMATION
No funding received for this manuscript.

CONFLIC T OF INTERE S T S TATEMENT
No conflict of interest related to this manuscript.

DATA AVAIL ABILIT Y S TATEMENT
Not relevant.

E THIC S S TATEMENT
Not relevant.

CONSENT
Not relevant.

PERMISSION TO REPRODUCE MATERIAL FROM 
OTHER SOURCE S
Not relevant.

CLINIC AL TRIAL REG IS TR ATION
Not relevant.

ORCID
Andreas Stavropoulos  https://orcid.org/0000-0001-8161-3754 

R E FE R E N C E S
 1. Tyrovolas S, Koyanagi A, Panagiotakos DB, et al. Population prev-

alence of edentulism and its association with depression and self-
rated health. Sci Rep. 2016;6:37083.

 2. Borg-Bartolo R, Roccuzzo A, Molinero-Mourelle P, et al. Global preva-
lence of edentulism and dental caries in middle-aged and elderly per-
sons: a systematic review and meta-analysis. J Dent. 2022;127:104335.

 3. Howe MS, Keys W, Richards D. Long-term (10-year) dental implant 
survival: a systematic review and sensitivity meta-analysis. J Dent. 
2019;84:9-21.

 4. Duong HY, Roccuzzo A, Stahli A, Salvi GE, Lang NP, Sculean A. Oral 
health-related quality of life of patients rehabilitated with fixed and 
removable implant-supported dental prostheses. Periodontol 2000. 
2022;88(1):201-237.

 5. Lindhe J, Cecchinato D, Bressan EA, Toia M, Araujo MG, 
Liljenberg B. The alveolar process of the edentulous maxilla in 
periodontitis and non-periodontitis subjects. Clin Oral Implants 
Res. 2012;23(1):5-11.

 6. Kondo T, Kanayama K, Egusa H, Nishimura I. Current perspectives 
of residual ridge resorption: pathological activation of oral barrier 
osteoclasts. J Prosthodont Res. 2023;67(1):12-22.

 7. Nedir R, Nurdin N, Abi Najm S, El Hage M, Bischof M. Short im-
plants placed with or without grafting into atrophic sinuses: the 

 16000757, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/prd.12543 by U

niversitat B
ern, W

iley O
nline L

ibrary on [10/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-8161-3754
https://orcid.org/0000-0001-8161-3754


148  |    STAVROPOULOS et al.

5-year results of a prospective randomized controlled study. Clin 
Oral Implants Res. 2017;28(7):877-886.

 8. Bielemann AM, Schuster AJ, Possebon A, Schinestsck AR, Chagas-
Junior OL, Faot F. Clinical performance of narrow-diameter im-
plants with hydrophobic and hydrophilic surfaces with mandibular 
implant overdentures: 1-year results of a randomized clinical trial. 
Clin Oral Implants Res. 2022;33(1):21-32.

 9. Xiao W, Chen Y, Chu C, Dard MM, Man Y. Influence of implant 
location on titanium-zirconium alloy narrow-diameter implants: a 
1-year prospective study in smoking and nonsmoking populations. 
J Prosthet Dent. 2022;128(2):159-166.

 10. Chiapasco M, Casentini P. Horizontal bone-augmentation pro-
cedures in implant dentistry: prosthetically guided regeneration. 
Periodontol 2000. 2018;77(1):213-240.

 11. Jung RE, Ioannidis A, Hammerle CHF, Thoma DS. Alveolar 
ridge preservation in the esthetic zone. Periodontol 2000. 
2018;77(1):165-175.

 12. Benic GI, Thoma DS, Jung RE, et al. Guided bone regeneration 
with particulate vs. block xenogenic bone substitutes: a pilot cone 
beam computed tomographic investigation. Clin Oral Implants Res. 
2017;28(11):e262-e270.

 13. Babayigit O, Oncu E, Magat G, Orhan K. Effect of maxillary 
sinus anatomy on bone gain after lateral window sinus floor el-
evation: a case-control study. Int J Oral Maxillofac Implants. 
2023;38(2):338-346.

 14. Pignaton TB, Spin-Neto R, Ferreira CEA, Martinelli CB, de Oliveira 
G, Marcantonio E Jr. Remodelling of sinus bone grafts according to 
the distance from the native bone: a histomorphometric analysis. 
Clin Oral Implants Res. 2020;31(10):959-967.

 15. Laass A, Eisner BM, Hammerle CHF, Jung RE, Thoma DS, Benic 
GI. Histologic outcomes after guided bone regeneration of Peri-
implant defects comparing individually shaped block versus 
particulate bone substitutes. Int J Periodontics Restorative Dent. 
2020;40(4):519-527.

 16. Urban IA, Monje A, Wang HL, Lozada J, Gerber G, Baksa G. 
Mandibular regional anatomical landmarks and clinical implica-
tions for ridge augmentation. Int J Periodontics Restorative Dent. 
2017;37(3):347-353.

 17. Urban IA, Monje A, Wang HL. Vertical ridge augmentation and soft 
tissue reconstruction of the anterior atrophic maxillae: a case se-
ries. Int J Periodontics Restorative Dent. 2015;35(5):613-623.

 18. Cucchi A, Vignudelli E, Napolitano A, Marchetti C, Corinaldesi 
G. Evaluation of complication rates and vertical bone gain after 
guided bone regeneration with non-resorbable membranes versus 
titanium meshes and resorbable membranes. A randomized clinical 
trial. Clin Implant Dent Relat Res. 2017;19(5):821-832.

 19. Calciolari E, Corbella S, Gkranias N, Vigano M, Sculean A, Donos 
N. Efficacy of biomaterials for lateral bone augmentation per-
formed with guided bone regeneration. A network meta-analysis. 
Periodontol 2000. 2023. doi:10. 1111/ prd. 12531 . Epub ahead of 
print.

 20. Stavropoulos A, Kostopoulos L, Mardas N, Nyengaard JR, Karring 
T. Deproteinized bovine bone used as an adjunct to guided bone 
augmentation: an experimental study in the rat. Clin Implant Dent 
Relat Res. 2001;3(3):156-165.

 21. Stavropoulos A, Kostopoulos L, Nyengaard JR, Karring T. 
Deproteinized bovine bone (bio-Oss) and bioactive glass (bi-
ogran) arrest bone formation when used as an adjunct to guided 
tissue regeneration (GTR): an experimental study in the rat. J Clin 
Periodontol. 2003;30(7):636-643.

 22. Stavropoulos A, Nyengaard JR, Kostopoulos L, Karring T. Implant 
placement in bone formed beyond the skeletal envelope by means 
of guided tissue regeneration: an experimental study in the rat. J 
Clin Periodontol. 2005;32(10):1108-1115.

 23. Donos N, Bosshardt D, Lang N, et al. Bone formation by enamel 
matrix proteins and xenografts: an experimental study in the rat 
ramus. Clin Oral Implants Res. 2005;16(2):140-146.

 24. Park JW, Jang JH, Bae SR, An CH, Suh JY. Bone formation with var-
ious bone graft substitutes in critical-sized rat calvarial defect. Clin 
Oral Implants Res. 2009;20(4):372-378.

 25. Rocchietta I, Simion M, Hoffmann M, Trisciuoglio D, Benigni M, 
Dahlin C. Vertical bone augmentation with an autogenous block 
or particles in combination with guided bone regeneration: a clini-
cal and histological preliminary study in humans. Clin Implant Dent 
Relat Res. 2016;18(1):19-29.

 26. Benic GI, Eisner BM, Jung RE, Basler T, Schneider D, Hammerle 
CHF. Hard tissue changes after guided bone regeneration of 
peri-implant defects comparing block versus particulate bone sub-
stitutes: 6-month results of a randomized controlled clinical trial. 
Clin Oral Implants Res. 2019;30(10):1016-1026.

 27. Burchardt H. Biology of bone transplantation. Orthop Clin North 
Am. 1987;18(2):187-196.

 28. Piriou P, Norton M, Marmorat JL, Judet T. Acetabular reconstruc-
tion in revision hip surgery using femoral head block allograft. 
Orthopedics. 2005;28(12):1437-1444.

 29. Lobo Gajiwala A, Agarwal M, Puri A, D'Lima C, Duggal A. The 
use of irradiated allografts in reconstruction of tumor de-
fects—the Tata memorial hospital experience. Cell Tissue Bank. 
2003;4(2–4):125-132.

 30. Waasdorp J, Reynolds MA. Allogeneic bone onlay grafts for alve-
olar ridge augmentation: a systematic review. Int J Oral Maxillofac 
Implants. 2010;25(3):525-531.

 31. Roberts TT, Rosenbaum AJ. Bone grafts, bone substitutes and 
orthobiologics: the bridge between basic science and clinical ad-
vancements in fracture healing. Organogenesis. 2012;8(4):114-124.

 32. Giannoudis PV, Dinopoulos H, Tsiridis E. Bone substitutes: an up-
date. Injury. 2005;36(Suppl 3):S20-S27.

 33. Leslie HW, Bottenfield S. Donation, banking, and transplantation of 
allograft tissues. Nurs Clin North Am. 1989;24(4):891-905.

 34. Jurgensmeier D, Hart R. Variability in tissue bank practices regard-
ing donor and tissue screening of structural allograft bone. Spine 
(Phila Pa 1976). 2010;35(15):E702-E777.

 35. Tomford WW, Doppelt SH, Mankin HJ, Friedlaender GE. 1983 bone 
bank procedures. Clin Orthop Relat Res. 1983;174:15-21.

 36. American Association of Tissue Banks. 16th Annual meeting. 
August 24–26, 1992. Abstracts. Transfusion. 1993;33(7):610-621.

 37. EATB. Common Standards for Tissues and Cells Banking. Section D: 
D 2.500 Cryopreserved Tissue. Berlin: EATB. 2003.

 38. AATB. AATB Standards for Tissue Banking. 2023.
 39. Holtzclaw D, Toscano N, Eisenlohr L, Callan D. The safety of 

bone allografts used in dentistry: a review. J Am Dent Assoc. 
2008;139(9):1192-1199.

 40. Matter HP, Garrel TV, Bilderbeek U, Mittelmeier W. Biomechanical 
examinations of cancellous bone concerning the influence of du-
ration and temperature of cryopreservation. J Biomed Mater Res. 
2001;55(1):40-44.

 41. Mohr J, Germain M, Winters M, et al. Disinfection of human mus-
culoskeletal allografts in tissue banking: a systematic review. Cell 
Tissue Bank. 2016;17(4):573-584.

 42. Hawthorne AC, Xavier SP, Okamoto R, Salvador SL, Antunes AA, 
Salata LA. Immunohistochemical, tomographic, and histological 
study on onlay bone graft remodeling. Part III: allografts. Clin Oral 
Implants Res. 2013;24(10):1164-1172.

 43. Garbin Junior EA, de Lima VN, Momesso GAC, Mello-Neto JM, 
Ernica NM, Magro FO. Potential of autogenous or fresh-frozen 
allogeneic bone block grafts for bone remodelling: a histological, 
histometrical, and immunohistochemical analysis in rabbits. Br J 
Oral Maxillofac Surg. 2017;55(6):589-593.

 16000757, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/prd.12543 by U

niversitat B
ern, W

iley O
nline L

ibrary on [10/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/prd.12531


    |  149STAVROPOULOS et al.

 44. Ribeiro M, Fraguas EH, Brito KIC, Kim YJ, Pallos D, Sendyk WR. 
Bone autografts & allografts placed simultaneously with dental im-
plants in rabbits. J Craniomaxillofac Surg. 2018;46(1):142-147.

 45. Chiapasco M, Giammattei M, Carmagnola D, Autelitano L, Rabbiosi 
D, Dellavia C. Iliac crest fresh-frozen allografts and autografts in 
maxillary and mandibular reconstruction: a histologic and histo-
morphometric evaluation. Minerva Stomatol. 2013;62(1–2):3-16.

 46. Lumetti S, Consolo U, Galli C, et al. Fresh-frozen bone blocks for 
horizontal ridge augmentation in the upper maxilla: 6-month out-
comes of a randomized controlled trial. Clin Implant Dent Relat Res. 
2014;16(1):116-123.

 47. Spin-Neto R, Landazuri Del Barrio RA, Pereira LA, Marcantonio RA, 
Marcantonio E, Marcantonio E Jr. Clinical similarities and histolog-
ical diversity comparing fresh frozen onlay bone blocks allografts 
and autografts in human maxillary reconstruction. Clin Implant Dent 
Relat Res. 2013;15(4):490-497.

 48. Spin-Neto R, Stavropoulos A, Coletti FL, Faeda RS, Pereira LA, 
Marcantonio E Jr. Graft incorporation and implant osseointegration 
following the use of autologous and fresh-frozen allogeneic block 
bone grafts for lateral ridge augmentation. Clin Oral Implants Res. 
2014;25(2):226-233.

 49. Spin-Neto R, Stavropoulos A, Coletti FL, Pereira LA, Marcantonio 
E Jr, Wenzel A. Remodeling of cortical and corticocancellous 
fresh-frozen allogeneic block bone grafts – a radiographic and 
histomorphometric comparison to autologous bone grafts. Clin Oral 
Implants Res. 2015;26(7):747-752.

 50. Spin-Neto R, Stavropoulos A, Dias Pereira LA, Marcantonio E Jr, 
Wenzel A. Fate of autologous and fresh-frozen allogeneic block 
bone grafts used for ridge augmentation. A CBCT-based analysis. 
Clin Oral Implants Res. 2013;24(2):167-173.

 51. Dellavia C, Giammattei M, Carmagnola D, Musto F, Canciani E, 
Chiapasco M. Iliac crest fresh-frozen allografts versus autografts 
in Oral pre-prosthetic bone reconstructive surgery: histologic and 
Histomorphometric study. Implant Dent. 2016;25(6):731-738.

 52. Spin Neto R, Felipe Leite C, Pereira LA, Marcantonio E, Marcantonio 
E Jr. Is peripheral blood cell balanced altered by the use of fresh fro-
zen bone block allografts in lateral maxillary ridge augmentation? 
Clin Implant Dent Relat Res. 2013;15(2):262-270.

 53. Spin-Neto R, Stavropoulos A, de Freitas RM, Pereira LA, Carlos IZ, 
Marcantonio E Jr. Immunological aspects of fresh-frozen allogeneic 

bone grafting for lateral ridge augmentation. Clin Oral Implants Res. 
2013;24(9):963-968.

 54. Greenstein G, Greenstein B, Cavallaro J, Tarnow D. The role of 
bone decortication in enhancing the results of guided bone regen-
eration: a literature review. J Periodontol. 2009;80(2):175-189.

 55. Acocella A, Bertolai R, Ellis E 3rd, Nissan J, Sacco R. Maxillary al-
veolar ridge reconstruction with monocortical fresh-frozen bone 
blocks: a clinical, histological and histomorphometric study. J 
Craniomaxillofac Surg. 2012;40(6):525-533.

 56. Viscioni A, Franco M, Rigo L, Guidi R, Spinelli G, Carinci F. 
Retrospective study of standard-diameter implants inserted into 
allografts. J Oral Maxillofac Surg. 2009;67(2):387-393.

 57. Chiapasco M, Colletti G, Coggiola A, Di Martino G, Anello T, Romeo 
E. Clinical outcome of the use of fresh frozen allogeneic bone grafts 
for the reconstruction of severely resorbed alveolar ridges: prelim-
inary results of a prospective study. Int J Oral Maxillofac Implants. 
2015;30(2):450-460.

 58. Maiorana C, Poli PP, Borgonovo AE, et al. Long-term retrospec-
tive evaluation of dental implants placed in resorbed jaws recon-
structed with appositional fresh-frozen bone allografts. Implant 
Dent. 2016;25(3):400-408.

 59. Carinci F, Brunelli G, Franco M, et al. A retrospective study on 287 
implants installed in resorbed maxillae grafted with fresh frozen al-
logenous bone. Clin Implant Dent Relat Res. 2010;12(2):91-98.

 60. Donkiewicz P, Benz K, Kloss-Brandstatter A, Jackowski J. Survival 
rates of dental implants in autogenous and allogeneic bone blocks: 
a systematic review. Medicina (Kaunas). 2021;57(12):1388. doi:10. 
3390/ medic ina57 121388

How to cite this article: Stavropoulos A, Marcantonio CC, de 
Oliveira VXR, Marcantonio É Jr, de Oliveira GJPL. Fresh-
frozen allogeneic bone blocks grafts for alveolar ridge 
augmentation: Biological and clinical aspects. Periodontol 
2000. 2023;93:139-152. doi:10.1111/prd.12543

 16000757, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/prd.12543 by U

niversitat B
ern, W

iley O
nline L

ibrary on [10/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3390/medicina57121388
https://doi.org/10.3390/medicina57121388
https://doi.org/10.1111/prd.12543


150  |    STAVROPOULOS et al.

APPENDIX A

Search strategy for PubMed, Embase and Scopus

Database Search strategy

Main databases
PubMed
http:// www. 

ncbi. nlm. nih. 
gov/ pubmed

#1 “Allografts”[Mesh] OR “Allograft” OR “Allogeneic Transplants” OR “Allogeneic Transplant” OR “Transplant, Allogeneic” OR 
“Transplants, Allogeneic” OR “Allogeneic Grafts” OR “Allogeneic Graft” OR “Graft, Allogeneic” OR “Grafts, Allogeneic” 
OR “Homografts” OR “Homograft” OR “Homologous Transplants” OR “Homologous Transplant” OR “Transplant, 
Homologous” OR “Transplants, Homologous” OR “Transplantation, Homologous”[Mesh] OR “Allogeneic Transplantation” OR 
“Transplantation, Allogeneic” OR “Homografting” OR “Homologous Transplantation” OR “Allogeneic Grafting” OR “Grafting, 
Allogeneic” OR “Allografting”

#2 “Autografts”[Mesh] OR “Autograft” OR “Autologous Transplants” OR “Autologous Transplant” OR “Transplant, Autologous” 
OR “Transplants, Autologous” OR “Autotransplants” OR “Autotransplant” OR “Transplantation, Autologous”[Mesh] OR 
“Autotransplantation” OR “Autotransplantations” OR “Autografting” OR “Autograftings” OR “Autologous Transplantation” 
OR “Autologous Transplantations” OR “Transplantations, Autologous” OR “Heterografts”[Mesh] OR “Heterograft” OR 
“Xenografts” OR “Xenograft” OR “Transplantation, Heterologous”[Mesh] OR “Heterografting” OR “Xenotransplantation” 
OR “Xenograft Transplantation” OR “Transplantation, Xenograft” OR “Xenografting” OR “Heterograft Transplantation” OR 
“Transplantation, Heterograft” OR “Heterologous Transplantation” OR “Bone Substitutes”[Mesh] OR “Replacement Material, 
Bone” OR “Replacement Materials, Bone” OR “Materials, Bone Replacement” OR “Bone Substitute” OR “Substitute, Bone” OR 
“Substitutes, Bone” OR “Bone Replacement Material” OR “Material, Bone Replacement” OR “Bone Replacement Materials”

#3“Alveolar Ridge Augmentation”[Mesh] OR “Alveolar Ridge Augmentations” OR “Augmentation, Alveolar Ridge” OR 
“Augmentations, Alveolar Ridge” OR “Ridge Augmentation, Alveolar” OR “Ridge Augmentations, Alveolar” OR “Mandibular 
Ridge Augmentation” OR “Augmentation, Mandibular Ridge” OR “Augmentations, Mandibular Ridge” OR “Mandibular 
Ridge Augmentations” OR “Ridge Augmentation, Mandibular” OR “Ridge Augmentations, Mandibular” OR “Maxillary Ridge 
Augmentation” OR “Augmentation, Maxillary Ridge” OR “Augmentations, Maxillary Ridge” OR “Maxillary Ridge Augmentations” 
OR “Ridge Augmentation, Maxillary” OR “Ridge Augmentations, Maxillary” OR “Alveolar Bone Grafting”[Mesh] OR “Alveolar 
Cleft Grafting” OR “Graft Survival”[Mesh] OR “Graft Survivals” OR “Survival, Graft” OR “Survivals, Graft” OR “Bone 
Transplantation”[Mesh] OR “Grafting, Bone” OR “Bone Grafting” OR “Transplantation, Bone” OR “Dental Implants”[Mesh] OR 
“Implant, Dental” OR “Implants, Dental” OR “Dental Implant” OR “Dental Implants, Mini” OR “Dental Implant, Mini” OR “Mini 
Dental Implant” OR “Mini Dental Implants” OR “Dental Prostheses, Surgical” OR “Dental Prosthesis, Surgical” OR “Surgical 
Dental Prostheses” OR “Surgical Dental Prosthesis” OR “Prostheses, Surgical Dental” OR “Prosthesis, Surgical Dental”

#1 AND #2 AND #3
Embase
http:// www. 

embase. com

#1 ‘allograft’/exp OR ‘allo inplant’ OR ‘allogeneic graft’ OR ‘allografts’ OR ‘alloplastic graft’ OR ‘alloplastic implant’ OR 
‘allotransplant’ OR ‘graft, allogenic’ OR ‘graft, homologous’ OR ‘homograft’ OR ‘homograft sensitivity’ OR ‘homologous 
graft’ OR ‘homotransplant’ OR ‘transplant, homo’ OR ‘allograft’ OR ‘bone allograft’/exp OR ‘allogenic bone graft’ OR 
‘AlloQuent’ OR ‘fiberFUSE’ OR ‘fiberFUSE Advanced’ OR ‘maxgraft’ OR ‘Trinity ELITE (bone allograft)’ OR ‘Trinity 
Evolution (bone allograft)’ OR ‘bone allograft’ OR ‘allotransplantation’/exp OR ‘allogeneic transplantation’ OR ‘allogenic 
transplantation’ OR ‘allograft transplantation’ OR ‘homoiotransplantation’ OR ‘homologous transplantation’ OR 
‘homotransplantation’ OR ‘transplantation, homologous’ OR ‘allotransplantation’

#2 ‘autograft’/exp OR ‘autogenous graft’ OR ‘autografts’ OR ‘autotransplant’ OR ‘autotransplants’ OR ‘graft, auto’ OR ‘autograft’ 
OR ‘autotransplantation’/exp OR ‘autologous transplantation’ OR ‘transplantation, auto’ OR ‘transplantation, autologous’ 
OR ‘autotransplantation’ OR ‘xenograft’/exp OR ‘graft, heterologous’ OR ‘graft, xenogeneic’ OR ‘heterogenous graft’ OR 
‘heterograft’ OR ‘heterografts’ OR ‘heterologous graft’ OR ‘heterologous transplantation’ OR ‘heterotransplant’ OR ‘peritoneum 
heterograft’ OR ‘system xenograft’ OR ‘transplantation, heterologous’ OR ‘xenogeneic graft’ OR ‘xenograft system’ OR 
‘xenografts’ OR ‘xenotransplant’ OR ‘xenograft’ OR ‘bone prosthesis’/exp OR ‘bone endoprosthesis’ OR ‘bone prosthesis 
(physical object)’ OR ‘bone substitute’ OR ‘bone substitutes’ OR ‘Hydroset’ OR ‘bone prosthesis’ OR ‘bone graft’/exp OR 
‘autograft, bone’ OR ‘autograft, spongy bone’ OR ‘autologous bone graft’ OR ‘bone autograft’ OR ‘bone flap’ OR ‘bone flaps’ 
OR ‘bone grafts’ OR ‘bone transplant’ OR ‘BoneCeramic’ OR ‘compact bone autograft’ OR ‘free bone graft’ OR ‘graft, bone’ OR 
‘osseous flap’ OR ‘osseous flaps’ OR ‘osseous graft’ OR ‘osseous grafts’ OR ‘osteoarticular graft’ OR ‘rib autograft’ OR ‘spongy 
bone autograft’ OR ‘Straumann XenoGraft’ OR ‘viable bone graft’ OR ‘bone graft’

#3 ‘alveolar ridge augmentation’/exp OR ‘ridge augmentation procedure’ OR ‘alveolar ridge augmentation’ OR ‘alveolar bone 
grafting’/exp OR ‘graft survival’/exp OR ‘allograft survival’ OR ‘graft survival prolongation’ OR ‘homograft survival’ OR ‘survival, 
graft’ OR ‘transplant survival’ OR ‘transplantation survival’ OR ‘graft survival’ OR ‘bone transplantation’/exp OR ‘bone grafting’ 
OR ‘bone reimplantation’ OR ‘transplantation, bone’ OR ‘bone transplantation’

#4 ‘tooth implant’/exp OR ‘Bicon’ OR ‘dental implant’ OR ‘dental implants’ OR ‘Grafton’ OR ‘implant, teeth’ OR ‘implant, tooth’ 
OR ‘implants, teeth’ OR ‘implants, tooth’ OR ‘intramucosal dental implant’ OR ‘Straumann Mini’ OR ‘Straumann PURE’ OR 
‘Swish Active’ OR ‘Swish Tapered’ OR ‘teeth implant’ OR ‘teeth implants’ OR ‘tooth implants’ OR ‘Variobase’ OR ‘tooth 
implant’ OR ‘histology’/exp OR ‘bone demineralization technique’ OR ‘comparative histology’ OR ‘decalcification technique’ 
OR ‘histocytological preparation techniques’ OR ‘histologic stain’ OR ‘histologic studies’ OR ‘histologic study’ OR ‘histologic 
technique’ OR ‘histological diagnosis’ OR ‘histological method’ OR ‘histological staining’ OR ‘histological studies’ OR 
‘histological study’ OR ‘histological technique’ OR ‘histological techniques’ OR ‘histology, comparative’ OR ‘neurohistology’ 
OR ‘replica techniques’ OR ‘histology’

‘
#1 AND #2 AND #3 AND #4
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Database Search strategy

Scopus
http:// www. 

scopus. com/ 

#1 TITLE-ABS-KEY “Allografts” OR “Allograft” OR “Allogeneic Transplants” OR “Allogeneic Transplant” OR “Transplant, 
Allogeneic” OR “Transplants, Allogeneic” OR “Allogeneic Grafts” OR “Allogeneic Graft” OR “Graft, Allogeneic” OR “Grafts, 
Allogeneic” OR “Homografts” OR “Homograft” OR “Homologous Transplants” OR “Homologous Transplant” OR “Transplant, 
Homologous” OR “Transplants, Homologous” OR TITLE-ABS-KEY “Transplantation, Homologous” OR “Allogeneic 
Transplantation” OR “Transplantation, Allogeneic” OR “Homografting” OR “Homologous Transplantation” OR “Allogeneic 
Grafting” OR “Grafting, Allogeneic” OR “Allografting”

#2 TITLE-ABS-KEY (“Autografts” OR “Autograft” OR “Autologous Transplants” OR “Autologous Transplant” OR “Transplant, 
Autologous” OR “Transplants, Autologous” OR “Autotransplants” OR “Autotransplant”) OR TITLE-ABS-KEY (“Transplantation, 
Autologous” OR “Autotransplantation” OR “Autotransplantations” OR “Autografting” OR “Autograftings” OR “Autologous 
Transplantation” OR “Autologous Transplantations” OR “Transplantations, Autologous”) OR TITLE-ABS-KEY (“Heterografts” 
OR “Heterograft” OR “Xenografts” OR “Xenograft”) OR TITLE-ABS-KEY (“Transplantation, Heterologous” OR “Heterografting” 
OR “Xenotransplantation” OR “Xenograft Transplantation” OR “Transplantation, Xenograft” OR “Xenografting” OR 
“Heterograft Transplantation” OR “Transplantation, Heterograft” OR “Heterologous Transplantation”) OR TITLE-ABS-KEY 
(“Bone Substitutes” OR “Replacement Material, Bone” OR “Replacement Materials, Bone” OR “Materials, Bone Replacement” 
OR “Bone Substitute” OR “Substitute, Bone” OR “Substitutes, Bone” OR “Bone Replacement Material” OR “Material, Bone 
Replacement” OR “Bone Replacement Materials”) OR TITLE-ABS-KEY (“Bone Transplantation” OR “Grafting, Bone” OR “Bone 
Grafting” OR “Transplantation, Bone”)

#3 TITLE-ABS-KEY (“Alveolar Ridge Augmentation” OR “Alveolar Ridge Augmentations” OR “Augmentation, Alveolar Ridge” OR 
“Augmentations, Alveolar Ridge” OR “Ridge Augmentation, Alveolar” OR “Ridge Augmentations, Alveolar” OR “Mandibular 
Ridge Augmentation” OR “Augmentation, Mandibular Ridge” OR “Augmentations, Mandibular Ridge” OR “Mandibular 
Ridge Augmentations” OR “Ridge Augmentation, Mandibular” OR “Ridge Augmentations, Mandibular” OR “Maxillary 
Ridge Augmentation” OR “Augmentation, Maxillary Ridge” OR “Augmentations, Maxillary Ridge” OR “Maxillary Ridge 
Augmentations” OR “Ridge Augmentation, Maxillary” OR “Ridge Augmentations, Maxillary”) OR TITLE-ABS-KEY (“Alveolar 
Bone Grafting” OR “Alveolar Cleft Grafting”) OR TITLE-ABS-KEY (“Graft Survival” OR “Graft Survivals” OR “Survival, Graft” 
OR “Survivals, Graft”) OR TITLE-ABS-KEY (“Dental Implants” OR “Implant, Dental” OR “Implants, Dental” OR “Dental 
Implant” OR “Dental Implants, Mini” OR “Dental Implant, Mini” OR “Mini Dental Implant” OR “Mini Dental Implants” 
OR “Dental Prostheses, Surgical” OR “Dental Prosthesis, Surgical” OR “Surgical Dental Prostheses” OR “Surgical Dental 
Prosthesis” OR “Prostheses, Surgical Dental” OR “Prosthesis, Surgical Dental”)

#1 AND #2 AND #3
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F I G U R E  A 1  Flowchart of the search of the studies.
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