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ABSTRACT

Objectives: The objective of the present systematic review and meta-analysis was to test the 0-hypothesis of no difference 
in implant treatment outcome after horizontal alveolar ridge augmentation with xenogenic block compared with autogenous 
bone block.
Material and Methods: A literature search was conducted using PubMed, Embase and Cochrane Library databases in 
combination with a hand-search of relevant journals until 25th of January 2022. Comparative and non-comparative studies 
evaluating horizontal alveolar ridge augmentations with xenogenic blocks were included. Quality and risk of bias were 
evaluated by Cochrane Collaboration’s revised tool and Newcastle-Ottawa scale.
Results: Meta-analysis revealed no statistically significant difference in implant survival rate after more than 6 months of 
functional implant loading (P = 0.71), no difference in alveolar ridge width (P = 0.07) or gain of alveolar ridge width at re-
entry (P = 0.13). Non-comparative studies revealed moderate to high short-term implant survival rate and gain in alveolar 
ridge width, however, complications including dehiscences, graft exposure and graft failure were observed in several studies.
Conclusions: No significant difference could be identified in short-term implant treatment outcome following horizontal 
alveolar ridge augmentation using xenogenic block compared with autogenous bone block with the limited data available. A 
high incidence of healing complications and implant failures necessitates further investigation, as well as long-term results on 
implant survival rate.
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INTRODUCTION

Alveolar ridge deficiency following tooth loss or 
congenitally missing teeth can prevent rehabilitation 
with dental implants [1]. Horizontal alveolar ridge 
augmentation (HARA) may therefore be indicated 
to gain a sufficient alveolar ridge width to allow 
placement of implants of the desired dimensions in 
the correct three-dimensional position for the later 
prosthetic rehabilitation [2,3].
A variety of augmentation techniques and materials 
have been used to augment the horizontally deficient 
alveolar ridge [4]. These materials include autogenous 
bone from the same individual, allogenic bone from 
the same species but another individual, xenogeneic 
bone substitute materials of natural origin but from 
another species, and alloplastic materials of synthetic 
origin [5]. Autogenous bone blocks (ABB) in 
combination with a barrier membrane is considered 
the ‘gold standard’ for HARA procedures showing 
high survival rates of implants and suprastructures 
due to favourable osteogenic, osteoinductive and 
osteoconductive properties [5,6]. ABB can be 
harvested at intra- or extraoral donor sites. However, 
utilization of autogenous bone has the disadvantages 
of limited quantities, donor site morbidity, 
unpredictable resorption rates, and risk of injury 
to vital anatomic structures including permanent 
neurosensory disturbances [7,8]. Therefore, allogenic 
and xenogeneic bone substitutes have been suggested 
as alternatives for HARA [9,10].
Allogenic bone blocks (ALBB) solve the issue 
of harvest limitations and donor site morbidity 
and contains osteoinductive molecules. A recent 
systematic review documented high short-term 
implant survival rate after HARA using ALBB. 
However, an increased risk of biologic complications 
and late sequestrations at the recipient site was also 
reported [11]. These limitations underline the need for 
other alternatives to ABB.
Xenogeneic grafting materials are available as 
blocks and granules. Especially the granular form 
has been extensively evaluated in preclinical and 
clinical studies showing good biocompatibility, 
osteoconductive properties and minimal resorption 
[12-14]. Xenogeneic blocks (XB), primarily of equine 
or bovine origin, have been proposed as an alternative 
to xenogeneic granules to provide additional structural 
stability [15]. Utilization of XB may eliminate the 
limitations and complications associated with ABB 
harvesting and thus simplify the surgical procedure 
[16]. A recent systematic review evaluating clinical 
performance of XB compared with ABB in a variety 

of bone defects, reported a similar gain in alveolar 
ridge width and block survival rate, but no data on 
implant survival rate after functional implant loading 
was presented [17].
The ultimate goal of HARA is to ensure predictability 
of the augmentation procedure and to be able to insert 
implants in a correct three-dimensional position and 
prosthetically load dental implants [18], So far, no 
systematic reviews have evaluated implant survival 
rate following functional implant loading, when 
placed after HARA with XB.
Therefore, the primary objective of the present 
systematic review was to test the 0-hypothesis of 
no difference in implant treatment outcome after 
functional implant loading following horizontal 
alveolar ridge augmentation using xenogeneic blocks 
compared with autogenous bone blocks.
Secondarily, the possibility of placing implants 
following horizontal alveolar ridge augmentation, 
implant stability, peri-implant health, graft handling, 
and patient-reported outcome measures were recorded 
to further evaluate the applicability of xenogeneic 
blocks for clinical practice.

MATERIAL AND METHODS
Protocol and registration

This review was conducted in accordance with the 
Preferred Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA) statement for reporting 
systematic reviews [19].
Methods of the analysis and inclusion criteria were 
specified in advance, documented in a protocol, and 
registered in PROSPERO, an international prospective 
register of systematic reviews.
Registration number: CRD42022309532
The protocol can be accessed at:
https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42022309532

Focus question

The focus question was developed according to the 
patient, intervention, comparison, outcome and study 
design (PICOS) framework as described in Table 1.

Types of outcome measures

Main outcome:
• Implant survival rate following HARA with a XB 

graft. Implant failure was defined as an implant 
that did not osseointegrate (early failure), mobility 
of previously clinically osseointegrated implant, 

http://www.ejomr.org/JOMR/archives/2023/2/e1/v14n2e1ht.htm
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and removal of a non-mobile implant due to loss 
of grafting material, progressive peri-implant 
marginal bone loss or infection. Likewise, an 
osseointegrated implant upon which a functional 
suprastructure could not be placed due to 
malposition was considered a failure.

Additional outcomes:
• Complication rate prior to implant placement e.g., 

infections, dehiscences and sequestrations.
• Possibility of placing an implant of sufficient 

dimensions and in the ideal three-dimensional 
position for the later suprastructure.

• Postoperative dimensional changes in width of 
the alveolar ridge evaluated by radiographic or 
clinical measurements.

• Need for additional contour bone augmentation 
simultaneous with implant placement as evaluated 
radiographically and/or clinically. However, 
additional augmentation to allow implant 
placement was regarded as graft failure.

• Complication rate after implant placement e.g., 
infections, dehiscences, sequestrations.

• Implant stability evaluated by resonance 
frequency analysis, or percussion test.

• Health status of the peri-implant tissue 
as evaluated by clinical and radiographic 
measurements.

• Handling of graft material e.g., fracture of block 
during fixation.

• Survival of suprastructure.
• Patient-reported outcome measures.

Information sources

The search strategy included electronic databases, 
supplemented by a thorough hand-search of relevant 
journals. Electronic search in PubMed, Embase 
and Cochrane Library was performed until 25th of 
January 2022. Authors of ongoing studies included 
in the electronic search which fitted the inclusion 
criteria were contacted by email. Grey literature 
and other databases including Scopus, Google 
Scholar, or Research Gate were not included in the 
search strategy. The manual search also included 
the reference lists of all articles selected for full-text 
screening as well as previously published reviews 
relevant for the present systematic review.

Search

A combination of Medical Subject Headings (MeSH) 
and free text terms was used. Search strategy was 
performed in collaboration with a research librarian. A 
detailed description of the search strategy for all three 
databases is presented in Appendices 1 to 4.

Selection of studies

An overview of the selection process is presented in 
a PRISMA flowchart in Figure 1. Duplicates were 
removed and titles of identified reports were initially 
screened independently by two reviewers (S.R.G., 
J.G.C.). A third independent reviewer (G.P.G.) 

Table 1. PICOS guidelines

Patient and 
population (P)

Healthy adult patients (> 18 years) with a horizontal alveolar ridge deficiency following tooth loss or congenitally 
missing teeth in the maxilla and mandible not allowing placement of dental implants of the desired dimensions in 
the correct three-dimensional position for the later prosthetic rehabilitation.

Intervention (I) Horizontal alveolar ridge augmentation with a xenogenic block. 
Comparator or 
control group (C) Horizontal alveolar ridge augmentation with an autogenous bone block graft.

Outcomes (O)

-Implant survival rate.
-Complication rate prior to implant placement.
-Possibility of placing an implant of sufficient dimensions and in the ideal three-dimensional position for the later 
placement of suprastructure.
-Postoperative dimensional changes in width of the alveolar ridge.
-Need for additional contour augmentation simultaneous with implant placement.
-Complication rate after implant placement.
-Alveolar ridge dimensions at implant placement.
-Implant stability, peri-implant health, and graft handling.
-Survival of suprastructure.
-Patient-reported outcome measures.

Study design (S)

Randomized controlled trials, controlled trials, prospective case-series and retrospective studies assessing 
horizontal alveolar ridge augmentation with a xenogenic block graft compared with an autogenous bone block 
graft. Moreover, human studies solely assessing horizontal alveolar ridge augmentation with a xenogenic block 
graft will also be included as non-comparative studies.

Focused question Are there any differences in implant survival rate following horizontal alveolar ridge augmentation with xenogenic 
block grafts compared with autogenous bone block grafts?

http://www.ejomr.org/JOMR/archives/2023/2/e1/v14n2e1ht.htm
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solved disputes. Abstracts were assessed when titles 
indicated that the study was relevant. Abstracts 
were screened by two independent reviewers 
(J.G.C., G.P.G.) and disputes were solved by a third 
independent reviewer (S.R.G.). Full-text analysis was 
performed by two independent reviewers (S.R.G., 
G.P.G.) and there were no disputes. Reasons for 
exclusion after full text evaluation were recorded. 
Reviewers were calibrated before the screening 
process and inter-rater reliability Cohen’s kappa 
coefficient (κ) values were calculated for all screening 
steps [20].

Types of publications

Human studies published in English were included. 
Editorials, PhD theses, letters to the editor, case 
reports, abstracts, technical reports, conference 

proceedings, cadaver studies, animal or in vitro 
studies and literature review papers were excluded.

Types of studies

Randomized controlled trials, controlled clinical trials 
and prospective case-series, assessing HARA with 
a XB graft compared with an ABB graft. Moreover, 
human non-comparative studies assessing HARA 
with XB graft were also included as non-comparative 
studies.

Types of participants

Healthy adult patients (> 18 years) with a horizontal 
alveolar ridge deficiency following tooth loss 
or congenitally missing teeth in the maxilla 
and mandible not allowing placement of dental 

Figure 1. Flow diagram of studies selection according PRISMA guidelines.
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implants of the desired dimensions in the correct 
three-dimensional position for the later prosthetic 
rehabilitation.

Inclusion and exclusion criteria
Inclusion criteria

Studies assessing implant treatment outcome after 
HARA with XB were included by addressing the 
aforementioned outcome measures. Included studies 
were to have a reported minimum of six months 
follow-up period after functional implant loading. 
In addition, at least five patients should be included 
in the study and number of inserted implants and 
surgical procedures had to be clearly specified.

Exclusion criteria

Studies involving bone augmentation in medically 
compromised patients were excluded. Studies 
focusing on HARA solely for removable 
prosthodontics were excluded. Likewise, studies 
combining the grafting materials with growth factors, 
bone morphogenetic proteins, fibrin glue, platelet-rich 
plasma/fibrin, or other bioactive molecules were also 
excluded.

Data extraction

Data was extracted from each included study 
separately in accordance with the parameters listed 
above. In case of missing data on one or more 
parameters, the corresponding author was contacted 
by email. 

Risk of bias

Assessment of quality and risk of bias was undertaken 
by three authors (J.G.C, G.P.G, and S.R.G) as part of 
the data extraction process. Cochrane Collaboration’s 
revised tool for assessing the risk of bias (RoB 2), 
was applied for randomized controlled trials, as 
recommended in the The Cochrane Handbook for 
Systematic Reviews of Interventions [21]. Following 
five domains were evaluated for the randomized 
studies: bias arising from the randomization process, 
bias due to deviations from intended interventions, 
bias due to missing outcome data, bias in 
measurement of the outcome and bias in selection of 
the reported result. Publications were grouped into the 
following categories: low risk of bias, some concerns 
or high risk of bias [22].
The Newcastle-Ottawa scale was used to analyse bias 
for non-randomized studies to evaluate each included 

study on selection of studies, comparability of cohorts 
and the ascertainment of either the exposure or 
outcome of interest. Stars were awarded with highest 
quality studies awarded up to nine stars. Following 
rating, the non-randomized studies were categorized 
as following: low-quality (0 to 3 stars), moderate 
quality (4 to 6 stars) and high quality (7 to 9 stars) 
[23].

Statistical analysis

Statistical software STATA version 17 (StataCorp 
LLC; Missouri, USA) was used for analysis. Random-
effects meta-analyses were performed using the 
Sidik-Jonkman estimation method. The value of 0.5 
was added to all cells of only those 2 x 2 tables that 
contain at least one zero cell. Forest plots and funnel 
plots were used to illustrate the results of the meta-
analyses. Numerical values are presented as mean and 
standard deviation (M [SD]). P < 0.05 was considered 
statistically significant.

RESULTS
Study selection

A PRISMA flowchart illustrating the results of the 
systematic literature search is outlined in Figure 1. 
Electronic search resulted in 2242 entries. Two 
additional articles were identified through hand-
searching. Of these, 674 duplicates were removed. 
Additional 1353 articles were excluded after screening 
of the titles. Six articles were excluded because 
abstract and full text could not be retrieved. A total 
of 217 abstracts were reviewed and full-text analysis 
included 44 articles. Seven studies were finally 
included [24-30]. Cohen’s kappa coefficient (κ) values 
were calculated after each stage of screening. Title: 
κ = 0.5 - indicating moderate agreement; abstract: 
κ = 0.84 - indicating almost perfect agreement; full 
text review: κ = 1.00 - indicating perfect agreement 
[20].
Reasons for excluding 37 studies after full-
text assessment were: studies not using a XB 
for augmentation, but solely particulate bone 
substitutes (n = 15) [31-45], ongoing studies 
(n = 5) [46-50], studies solely focusing on vertical 
alveolar ridge augmentation procedures or studies 
in which horizontal as well as vertical alveolar 
ridge augmentation were performed without the 
possibility of extracting data for HARA alone (n = 4) 
[51-54], studies including autogenous material in 
the XB group (n = 2) [55,56], study with insufficient 
follow-up time (n = 1) [57] studies evaluating 

http://www.ejomr.org/JOMR/archives/2023/2/e1/v14n2e1ht.htm
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ridge augmentation at the time of, or after implant 
placement (n = 3) [58-60], studies reporting data 
from the same group of patients but with shorter 
follow-up (n = 2) [61,62], study on HARA as part 
of peri-implantitis treatment (n = 1) [63], study 
performing immediate implant placement (n = 1) [64], 
study not available in English (n = 1) [65], duplicate 
study as public title and scientific title did not match 
(n = 1) [66] and a study in which the graft type was 
not sufficiently specified (n = 1) [67].

Study characteristics

Detailed characteristics of the included studies are 
listed in Tables 2 and 3. Two comparative randomized 
controlled trials [24,25] and five non-comparative 
prospective case studies [26-30] were included. A 
total of 153 implants were placed in 123 patients. 
The studies included were published between 11 June 
2009 and 14 July 2022.

Risk of bias within studies

Quality assessments of the included comparative 
studies are summarized in Table 4. Both 
included comparative studies in this systematic 
review showed high quality and low risk of bias 
regarding study design. However Romito et 
al. [24], reported as conflict of interest to have 
received research grants and lecture fees from the 
company which manufactured the XB used in the 
study.
The quality assessment of the included non-
comparative studies is summarized in Table 5. 
All studies were rated as of moderate quality and 
were associated with a moderate risk of bias, as 
no control groups were used due to the nature 
of the study design. Four out of the five studies 
[26-28,30] reported to be fully or partially funded 
by the company manufacturing the XB used in 
the study.

Table 2. Randomized clinical trials on horizontal alveolar ridge augmentation with xenogenic bone block graft compared with autogenous 
bone block graft

Study Year of
publication

Study
design

Number of
patients

Recipient 
site

Graft 
type

Graft 
healing
(weeks)

Number of
implants

Implant 
healing
(weeks)

Suprastructure

Romito et al. 
[24] 2022 RCT

32
Maxilla/
mandible

ABB-MR
(n = 32)

30
32

7 Single unit fixed 
dental prosthesis

32 CXBB
(n = 32) 32

Lima et al. 
[25] 2018 SM-RCT 8 Maxilla

ABB-MR
(n = 8)

26
8

17
Multiple unit 
fixed dental 
prosthesisCXBB

(n = 8) 8

RCT = randomized clinical trial; SM-RCT = split-mouth randomized clinical trial; CXBB = equine-derived collagenated xenogenic block; 
ABB-MR = autogenous bone block graft from mandibular ramus; n = number.

Table 3. Non-randomized clinical trials on horizontal alveolar ridge augmentation with xenogenic bone block graft

Study Year of
publication

Study
design

Number of
patients

Recipient 
site

Graft 
type

Graft 
healing
(weeks)

Number of
implants

Implant 
healing
(weeks)

Suprastructure

Parvini et al. [26] 2021 PCS 16 Maxilla/
mandible

CXBB
(n = 16) 26 16 30 Single unit

fixed dental prosthesis

Schwarz et al. [27] 2021 PCT 10 NR CXBB
(n = 10) 24 9 8 - 16 Single unit

fixed dental prosthesis
Angermair et al. 
[28] 2020 PCT 5 Maxilla/

mandible
CXBB

(n = 10) 30 9 NR NR

Di Stefano et al. 
[29] 2009 PCT 5 Mandible CEEB

(n = 5) 26 15 NR Fixed dental 
prosthesis

Ortiz-Vigón et al. 
[30] 2018 PCT 15 Maxilla/

mandible
CXBB

(n = 28) 26 24 14 - 22 Single/multiple unit
fixed dental prosthesis

PCS = prospective case series, PCT = prospective clinical trial, NR = not reported, CXBB = equine-derived collagenated xenogenic block, 
CEEB = collagen-preserving, enzyme-deantigenic, equine-derived bone blocks.

http://www.ejomr.org/JOMR/archives/2023/2/e1/v14n2e1ht.htm
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Results of individual studies

The results of the comparative studies assessing XB 
grafts compared with ABB grafts and of the non-
comparative studies are presented below and outlined 
in Table 6 and 7, respectively. For each outcome 
measure, a summary is provided. Other parameters 
can be defined as: gain width (mm) - gain in alveolar 
ridge width at implant placement; additional 
augmentation (%) - need for additional augmentation 
procedure at the time of implant placement; 
possibility of implant placement (%) - possibility 
of placing an implant of sufficient dimensions 
and in the ideal three-dimensional position. Data 
obtained through personal communication with the 
corresponding authors are indicated in the tables.

Implant survival rate
Comparative studies

Survival of implants following HARA with either 
ABB or XB varied between 81 and 100% after a 
minimum of 6 months of functional implant loading 
[24,25]. A higher survival rate for the implants placed 
in ABB (91%) compared with XB (81%) has been 
reported in one study without statistical significance 
(P = 0.26) [24]. Another study found no difference in 
implant survival rate between ABB and XB (100%) 
[25].

Non-comparative studies

Survival of implants placed in alveolar ridges 
augmented with XB varied between 66 and 100% 
after 7 to 40 months of functional implant loading. 
Three studies reported a survival rate of 100% 
[26,27,29] and the remaining two studies found a 
survival rate of 66% [28] and 71% [30], respectively.

Analysis of failed implants in XB

Across the studies included in the present systematic 

Table 5. Newcastle-Ottawa scale for assessing quality of non-
randomized studies

Selection Comparability Outcome Score

Parvini et al. 
[26] ★☆★★ ☆☆ ★★★ 6/9

Schwarz et al. 
[27] ★☆★★ ☆☆ ★★★ 6/9

Angermair et 
al. [28] ★☆★★ ☆☆ ★★★ 6/9

Di Stefano et al. 
[29] ★☆★★ ☆☆ ★★★ 6/9

Ortiz-Vigón et 
al. [30] ★☆★★ ☆☆ ★★★ 6/9

0 to 3 stars = low-quality; 4 to 6 stars = moderate quality; 7 to 9 
stars = high quality.

Table 4. Cochrane Collaboration’s revised tool for assessing risk of 
bias (RoB2)

D1 D2 D3 D4 D5 Overall

Romito et al. [24] ⊕ ⊕ ⊕ ⊕ ⊕ ⊕
Lima et al. [25] ⊕ ⊕ ⊕ ⊕ ⊕ ⊕

D1 = bias arising from the randomization process; D2 = bias due to 
deviations from intended interventions; D3 = bias due to missing 
outcome data; D4 = bias in measurement of the outcome; D5 = bias 
in selection of the reported result. 
⊕ = low risk of bias.
 

review [24-30], a total of 16 out of 113 (10.5%) 
implants failed during healing period, at re-entry 
surgery or after functional loading of the implants. 
The results show that 14 out of 16 (87.5%) of failed 
implants were placed in alveolar ridges with a 
baseline width < 4 mm. 

Rate of complications prior to implant placement
Comparative studies

Rate of complications prior to implant placement 
was 0% for the ABB and XB group in one study 
[25]. In the other study 18.8% (n = 6) in both groups 
experienced soft tissue dehiscence during the healing 
phase following HARA. Most of the dehiscences were 
reported to be clinically insignificant small wound 
dehiscence without signs of graft exposure, infection, 
or inflammation. One dehiscence (3.1%) was 
associated with graft exposure (XB group) in which 
the graft failed to integrate, and no implant could be 
placed [24].

Non-comparative studies

Rate of complications prior to implant placement 
varied between 0 and 70% across the non-comparative 
studies. Soft tissue dehiscences were reported in two 
studies with incidences varying between 6.3 and 70% 
[26,27]. Graft exposure was reported in two studies 
with incidences of 33% [30] and 40% [27]. In both 
studies, repeated re-contouring of the grafts were 
performed to allow soft tissue healing. One adverse 
event in terms of an allergic reaction was reported in 
one patient (6.7%) resulting in exclusion of the patient 
from the study [30]. One XB block (3.6%) showed 
insufficient stability at re-entry and was removed 
[28].
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Table 6. Outcomes: horizontal alveolar ridge augmentation with xenogenic bone block graft compared with autogenous bone block graft

Study Number of
patients

Graft 
type

Number of
implants

Baseline width
(mm)

Complications prior 
to implant placement

(%)

Gain width
 (mm)

Additional 
augmentation

(%)

Possibility of 
implant placement

(%)

Complications after 
implant placement

(%)

Survival of implants
6 months after loading

(%)Mean (SD) Mean (SD)

Romito et al. 
[24]

32 ABB-MR
(n ≥ 32) 32 Clinically:

2.95 (0.76) 18.8 Clinically:
3.51 (1.23) 10 100 21.9 91a

32 CXBB
(n ≥ 32) 32 Clinically:

2.65 (0.69) 18.8 Clinically:
3.69 (1.55) 13.3 96.7 12.5 81a

Lima et al. 
[25] 8

ABB-MR
(n = 8) 8

Clinically:
3.4 (1.7)

0

Clinically:
4 (1.6)

0 100 0 100a

Radiographically:
3.7 (1.6)

Radiographically:
4.1 (1.8)

CXBB
(n = 8) 8

Clinically:
3.3 (1.6)

0

Clinically:
5.6 (1.5)

0 100 0 100a

Radiographically:
3.6 (1.4)

Radiographically:
5.7 (1.6)

ainformation provided by the author after personal contact.
ABB-MR = autogenous bone block graft from mandibular ramus; CXBB = equine-derived collagenated xenogenic block.

Table 7. Outcomes: horizontal alveolar ridge augmentation with xenogenic bone block graft

Study Number of
patients

Graft 
type

Number of
implants

Baseline width
(mm)

Complications prior 
to implant placement

(%)

Gain width
(mm)

Additional 
augmentation

(%)

Possibility of 
implant placement

(%)

Complications after 
implant placement

(%)

Survival of implants
6 months after loading

(%)Mean (SD) Mean (SD)

Parvini et al. [26] 16 CXBB
(n = 16) 16 Clinically:

3.68 (0.81) 6.3 Clinically:
5.09 (1.07) 12.5 100 0 100

Schwarz et al. [27] 10 CXBB
(n = 10) 9 Clinically:

4.18 (0.92) 70 Clinically:
3 (2.2) 0 80 NS 100

Angermair et al. [28] 5 CXBB
(n = 10) 9 Clinically:

3.5 (0.7) 10 Clinically:
3.6 (1.2) 0 90 66.7 66

Di Stefano et al. [29] 5 CEEB
(n = 5) 15 Radiographically:

3.86 (0.13) 0 Radiographically:
3.28 (0.15) 0 100 0 100

Ortiz-Vigón et al. 
[30] 15 CXBB

(n = 28) 24 Radiographically:
2.78 (0.55) 40 Radiographically:

4.12 (1.32) 15.4 86.7 0a 71a

ainformation provided by the author after personal contact.
CXBB = equine-derived collagenated xenogenic block; CEEB = collagen-preserving, enzyme-deantigenic; equine-derived bone blocks; NS = not specified.
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Possibility of placing implants in ideal three-
dimensional position
Comparative studies

One of 32 patients (3.1%) in the XB group did not 
receive an implant due to graft integration failure, 
otherwise all implants could be placed as intended 
[24]. The need for additional contour augmentation 
at the time of implant placement was reported in both 
studies [24,25]. In one study, no need for additional 
augmentation was reported [25]. In the other study, 
10% in the autogenous group and 13.3% in the 
XB group needed additional contour augmentation 
at the time of implant placement (P = 1.00) 
[24].

Non-comparative studies

The possibility of placing an implant at the augmented 
sites ranged from 80 to 100%. In two studies, 
additional contour augmentation at the time of 
implant placement was indicated in 12.5% [26] and 
15.4% [30] of the patients, respectively. Three studies 
reported no need for additional contour augmentation 
at the time of implant placement [27-29]. However, in 
one of these studies [27], insufficient gain in alveolar 
ridged width excluded implant placement in 20% 
of the patients and were therefore regarded as graft 
failures.

Rate of complications after implant placement
Comparative studies

Complications after implant placement were reported 
to occur in 21.9% of the patients receiving ABB and 
12.5% in the patients receiving XB [24]. Most of 
these were reported to be clinically insignificant small 
wound dehiscences without signs of graft exposure or 
infection.

Non-comparative studies

Rate of complications following implant placement 
varied between 0 and 66.7%. Small soft tissue 
dehiscence was reported with incidences of at least 
20% of patients in one study, however the authors 
failed to specify if the complications were after 
implant placement or in relation to patients receiving 
additional augmentation [27]. In another study, soft 
tissue dehiscence was reported in 66.7% of grafted 
sites, most of which (83.3%) led to removal of the 
graft alone or along with the inserted implants due 
to graft exposure or sequestration of the blocks 
[28].

Implant stability, peri-implant health, graft handling 
and survival of suprastructure
Comparative studies

Peak torque at implant placement was significantly 
higher (P = 0.004) when the implants were placed in 
ABB grafts (32 ± 22 Ncm) compared with XB (18 ± 9 
Ncm) [25].

Non-comparative studies

The peri-implant health, including plaque index, 
bleeding on probing, probing depth and mucosal 
recession were evaluated in two studies [26,27]. 
However, no clinically significant changes were 
reported between visits during the observation 
period of up to 724 days after implant placement. 
The placement of implants was associated with 
insufficient rotational stability in four patients 
(25%), necessitating a submerged healing 
procedure in one study [26]. Screw fixation of 
the XB graft resulted in fracture of 70% of the 
blocks in one study in which case the blocks 
were replaced [28]. Another study reported no 
fixation issues with handling of the graft material 
[29].
No data was reported in either of the studies regarding 
the survival of suprastructure.

Patient-reported outcome measures
Comparative studies

Post-operative pain (measured with VAS) and 
postoperative consumption of analgesic medication 
at different intervals were significantly lower 
(P = 0.0226) for the XB group compared with the 
ABB group as reported in one study [24]. In the same 
study, OHIP-14 scores conducted at the day of surgery 
and the 28th postoperative day failed to demonstrate 
any significant differences between the XB and ABB 
groups.

Non-comparative studies

No specified patient-reported outcome measures 
(PROMs) were reported in any of the non-
comparative studies, however two studies mentioned 
that no patients reported postoperative pain [28,29]. 
Seven patients (70%) reported at least one adverse 
event, none of which was classified as being related to 
the xenogenic graft material, but one as possibly being 
related to the augmentation procedure in another study 
[27].
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Meta-analysis

The results of the meta-analysis are illustrated 
in forest and funnel plots (Figures 2 - 7) [24,25]. 
Reported numerical values are presented as weighted 
mean values.

Implant survival

Implant survival rates after HARA with XB and ABB 
after a minimum of 6 months of functional implant 
loading were 85 and 92.5% respectively (P = 0.71) 
(Figures 2 and 3).

Gain in alveolar ridge from baseline to re-entry

HARA using XB, and ABB resulted in a mean 
increase in alveolar ridge width of 4.36 (SD 1.53) 
mm and 3.69 (SD 1.43) mm, respectively (P = 0.13) 
(Figures 4 and 5).

Alveolar ridge width at implant placement

At re-entry for implant placement, the mean alveolar 
ridge width after HARA with XB and ABB was 7.36 
(SD 1.48) mm and 6.84 (SD 1.49) mm, respectively 
(P = 0.07) (Figures 6 and 7).

Figure 2. Forest plot implant survival.
CI = confidence interval.

Figure 3. Funnel plot implant survival.
CI = confidence interval.

http://www.ejomr.org/JOMR/archives/2023/2/e1/v14n2e1ht.htm


http://www.ejomr.org/JOMR/archives/2023/2/e1/v14n2e1ht.htm J Oral Maxillofac Res 2023 (Apr-Jun) | vol. 14 | No 2 | e1 | p.11
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH Christensen et al.

Figure 4. Forest plot gain in alveolar ridge width at re-entry.
N = number; SD = standard deviation; CI = confidence interval.

Figure 5. Funnel plot gain in alveolar ridge width at re-entry.
CI = confidence interval.

Figure 6. Forest plot alveolar ridge width at implant placement.
N = number; SD = standard deviation; CI = confidence interval.
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Figure 7. Funnel plot alveolar ridge width at implant placement.
CI = confidence interval.

Synthesis of results

Two comparative studies with high quality and low 
risk of bias and five non-comparative studies with 
moderate quality and moderate risk of bias could be 
included in the present systematic review. A total 
of 153 implants were placed in 123 patients. The 
main results of the individual studies can be found 
in Table 4 - 7. The survival of implants placed in 
XB varied between 66 and 100% across all studies 
compared with 91 to 100% for implants placed 
in ABB. The overall rate of complications, either 
prior to or after implant placement ranged from 0 
to 66.7% in the XB group and from 0 to 21.9% in 
the ABB group. In the XB group the possibility of 
placing an implant at re-entry varied between 80% 
and 100%, whereas it was 100% in the ABB group. 
Data on implant stability, peri-implant health, and 
graft handling were only sporadically reported. 
Likewise, only one comparative study [24] presented 
PROMs revealing that postoperative consumption 
of analgesic medication was significantly lower 
for the XB group compared with the ABB group. 
The meta-analysis found no statistically significant 
difference in either gain in alveolar ridge width 
(P = 0.13), alveolar ridge width at implant placement 
(P = 0.07) or survival of implants after a minimum of 
6 months follow-up after functional implant loading 
(P = 0.71).

DISCUSSION

The 0-hypothesis of no difference in implant treatment 
outcome after functional implant loading following 
HARA using XB compared with ABB could not be 
rejected, due to no statistically significant differences 
in alveolar ridge width gain, alveolar ridge width at 
the time of implant placement, or implant survival rate 
after short-term functional implant loading.
Handling of XB from bovine origin has previously 
been reported to be problematic as there have 
been reports of fracture during screw fixation [68]. 
Collagenated XB from equine origin, however, are 
less brittle allowing screw fixating with reduced risk 
of fracture [68,69]. All the included studies of the 
present systematic review used collagenated equine 
XB, and only one study reported issues in handling 
of the grafts [28]. In addition, the possibility of 
customizing the XB blocks to fit the actual bone 
defect based on pre-operative cone beam computed 
tomography scans, holds the potential of simplifying 
and shortening the surgical procedures as compared 
with ABBs, which necessitates a separate harvesting 
procedure as well as local adaptation of the blocks. 
Only one study evaluated duration of surgery and 
found statistically significant (P < 0.0001) shorter 
surgical time when using XB compared with ABB 
[24].
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The rate of healing complications after HARA varied 
greatly between the included studies. However, graft 
exposure rates of 33 to 40% seems high compared 
with exposure rates reported after HARA with ABB or 
particulate bone grafting materials [5], but comparable 
to what has been observed with ALBB [11]. Other 
complications included primarily dehiscences, which 
varied between 0 and 70% for XB and 0 and 18.8% 
for ABB within the included studies. This indicates an 
increased risk of soft tissue dehiscence using XB, but 
may also be due to the increased total number of sites 
receiving XB.
The gain in ridge width at re-entry was not 
statistically significant different between XB and ABB 
(P = 0.13). In agreement, preclinical animal studies 
have shown similar gain in alveolar ridge width 
with XB and ABB [15,70]. A histomorphometric 
study in dogs found a mean resorption of 25.2% in 
the XB when covered with a collagen membrane 
compared with a mean resorption of 53.9% in the 
ABB, however not statistically significant [71]. Even 
though no statically significant difference was found 
in the present meta-analysis, the numerical values of 
alveolar ridge width at implant placement of ABB 
showed a higher degree of width reduction compared 
with XB, supporting the assumption that XB may 
be more volume stable than ABB. In agreement, 
histomorphometric data 20 years after maxillary 
sinus floor augmentation using deproteinized bovine 
bone mineral in granular form shows incorporation 
of the xenogenic material in mature lamellar bone 
and minimal signs of resorption [72]. It may be 
speculated that XB successfully incorporated in 
mature bone may have a similar high resistance to 
resorption and potentially result in more predictable 
gain in ridge width after HARA compared with 
ABB.
However, several of the included studies using XB, 
showed failure of block integration after functional 
implant loading followed by implant failure [28,30]. 
This indicates that the high resorption resistance of 
xenogenic material is only beneficial if the XB stays 
incorporated in the native bone during functional 
implant loading. Histomorphometric analysis of areas 
grafted with XB show signs of new bone formation, 
however only in close conjunction to the alveolar 
ridge with diminishing amounts lateral to the native 
bone [29,61]. For these reasons it has been suggested 
that the XB require longer healing time to establish 
new bone formation before implant placement and 
reduce the risk of dehiscence [17]. These findings 
support the idea that long-term follow-up after loading 
of implants are needed to verify the predictability of 
XB. The histomorphometric study [71] in dogs found 

a varying amount connective tissue encapsulation 
in the XB. No connective tissue encapsulation was 
observed around the ABB. Ortiz-Vigón et al. [61] 
retrieved trephine biopsies from the augmented areas 
at the time of implant placement. Biopsies from sites 
with later implant failure contained a significantly 
lower amount of vital bone (P = 0.01) and higher 
amount of connective tissue (P = 0.02) than sites with 
surviving implants. Another study by Ortiz-Vigón et 
al. [30], based on the same patient cohort documented 
that the ratio between ingrowth of fibrous tissue 
and bone in the XB was directly correlated to the 
frequency of soft tissue dehiscence during the healing 
period.
The implant torque at insertion was significantly 
higher in ABB than XB [25]. Considering the 
abovementioned observations of a lower amount 
of new mineralized bone formation and more 
fibrous tissue in XB when compared with ABB, 
it is not surprising that the primary stability is 
decreased.
The types of complications observed after implant 
placement in this review varied from minor clinical 
soft tissue dehiscences to loss of graft and implants. 
As the follow-up period where only up to a maximum 
of 40 months, these results cannot be used to evaluate 
the long-term implant treatment outcome.
Mid- and long-term follow-up studies with 5- and 
10-years follow-up periods on implant survival rate 
in ridges augmented with ABB reported survival 
rates of 100% and 98%, respectively [73,74]. Similar 
long-term results are not available for survival rates 
of implants placed in XB. Survival of suprastructure 
along with its osseointegrated implant are generally 
considered as the primary criteria for assessment of 
long-term implant treatment outcome. Two studies 
[24,25] reported similar results regarding implant 
survival rate for XB and ABB. The corresponding 
authors verified implant survival rate after a minimum 
of 6 months after functional implant loading. 
Although the meta-analysis revealed no statistically 
significant difference (P = 0.71), one study observed 
twice as many implant failures in the XB as in the 
ABB group [24]. One study suggested that their low 
implant survival rate of 66% after a minimum of 6 
months after functional loading, could be explained 
by the extended defects sizes in their study [28]. 
Similarly, a study observed better results in contained-
type single-tooth defects than when multiple teeth 
were missing [27].
Three studies in this review state an inclusion 
criterion of less than 4 mm baseline width of the 
alveolar ridge [24,29,30]. The result of this present 
review found that 14 out of 16 (87.5%) of failed 
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implants were placed in alveolar ridges with a 
baseline width < 4 mm. One study reported 29% 
implant failure, however 17% of the total implant 
failures occurred in the same patients receiving 
multiple implants and presenting a very narrow 
baseline ridge (2.75 mm) [30]. This may indicate that 
structural support and stability is more dependent on 
osseointegration of the implant in the native bone 
and less dependent on the integration in the XB. 
Therefore, baseline ridge width could be a critical 
factor for implant survival rate when using XB for 
HARA.
Elimination of donor site morbidity is one of the 
main issues in the search for alternatives to ABB. An 
increased intake of painkillers was documented in the 
ABB group compared with the XB group in one of the 
studies [24]. This may be speculated to be due to the 
need for a second surgical site for harvesting and/or a 
longer duration of surgery because of the harvesting 
and graft adaptation procedure [24]. However, 
PROMs obtained from OHIP-14 questionnaires 
disclosed no significant difference between the XB 
and ABB groups, after one month [24]. This raises the 
question if the short-term increase in pain medications 
is worth accepting, considering the higher risks of 
complications associated with augmentation with 
XB. This data is only reported in a single study and 
supplies the need for similar studies to be able to 
confirm if the donor site morbidity is worth accepting, 
considering the complications related to alternative 
treatments.
A recent randomized clinical trial comparing the 
use of XB infused with BMP-2 to ABB, showed a 
high implant survival rate (100%) after three years 
of functional implant loading as well as stable soft 
tissues around the implants in both groups [75]. 
This study indicates good mid-term survival rates 
after loading in sites augmented with XB. Similar 
study designs with long-term follow-up should be 
performed without the use of BMP-2 to further 
enhance the evidence and determine the predictability 
of using XB for HARA.

Limitations

The main limitation of the present review and meta-
analysis are that the results are based on few studies 
including a limited number of patients and implants. A 
great variance in evaluations methods, unclear reports 
of outcome measurements, dissimilar follow-up 

periods following implant loading and a range of 
methodological confounding factors were observed. 
Furthermore, most studies primarily focused 
on survival of grafts and gain in alveolar ridge 
width after augmentation, with no clear definition 
of implant success apart from the persistence 
of implants at different intervals after surgery. 
Therefore, the conclusions should be interpreted with 
caution.

CONCLUSIONS

The present systematic review and meta-analysis 
could not identify any difference in short-term implant 
treatment outcome after functional implant loading 
following horizontal alveolar ridge augmentation 
using xenogeneic blocks compared with autogenous 
bone blocks. The meta-analysis failed to demonstrate 
statistically significant differences in alveolar ridge 
width gain, alveolar ridge width at the time of implant 
placement, or implant survival rate after a minimum 
of 6 months functional implant loading. However, 
these findings should be interpreted with caution 
as they are based on few studies and limited data. 
Non-comparative studies showed a moderate to high 
implant survival rate and gain in alveolar ridge width. 
However, a high rate of complications including 
dehiscences, exposure of xenogeneic blocks and graft 
failure were observed at widely difference incidences. 
Due to limited data, further long-term randomized 
controlled trials assessing the survival of implants 
after horizontal alveolar ridge augmentation with 
xenogeneic blocks compared with autogenous bone 
blocks are needed before definite conclusions can be 
drawn regarding the recommendation of xenogeneic 
blocks as a predictable alternative for horizontal 
alveolar ridge augmentation.
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Appendix 1. Search history

Database Interface Result Date
PubMed PubMed.gov 1289 25 January 2022
Cochrane Library Wiley 382 25 January 2022
Embase Embase.com 571 25 January 2022

Total 2242 -

After duplicate-removal 1568 -

Appendix 2. PubMed search until 25th of January, 2022

Search Query Items found

#6

(((((bone substitutes[MeSH Terms]) OR (transplantation, heterologous[MeSH Terms])) OR (heterografts[MeSH 
Terms])) OR ((((((Xenograft*[Text Word]) OR (Xenogenic*[Text Word])) OR (Xenogenic*[Text Word])) 
OR (Heterogenic*[Text Word])) OR (heterograft*[Text Word])) OR (Heterogeneic*[Text Word]))) OR 
(((((((((DBBM[Text Word]) OR (Deproteinized Bovine Bone mineral[Text Word])) OR (Deproteinized 
Bovine Bone matrix[Text Word])) OR (Bovine bone[Text Word])) OR (Equine bone[Text Word])) OR 
(deproteinized equine bone mineral[Text Word])) OR (Bone substitut*[Text Word])) OR (equine[Text Word])) 
OR (Bovine[Text Word]))) AND (((((alveolar augment*[Text Word]) OR (alveolar ridge augment*[Text 
Word])) OR (Ridge augment*[Text Word])) OR ((lateral ridge augment*[Text Word]) OR (horizontal ridge 
augment*[Text Word]))) OR (alveolar ridge augmentation[MeSH Terms]))

1,289

#5

((((bone substitutes[MeSH Terms]) OR (transplantation, heterologous[MeSH Terms])) OR (heterografts[MeSH 
Terms])) OR ((((((Xenograft*[Text Word]) OR (Xenogenic*[Text Word])) OR (Xenogenic*[Text Word])) 
OR (Heterogenic*[Text Word])) OR (heterograft*[Text Word])) OR (Heterogeneic*[Text Word]))) OR 
(((((((((DBBM[Text Word]) OR (Deproteinized Bovine Bone mineral[Text Word])) OR (Deproteinized 
Bovine Bone matrix[Text Word])) OR (Bovine bone[Text Word])) OR (Equine bone[Text Word])) OR 
(deproteinized equine bone mineral[Text Word])) OR (Bone substitut*[Text Word])) OR (equine[Text Word])) 
OR (Bovine[Text Word]))

402,627

#4

((((((((DBBM[Text Word]) OR (Deproteinized Bovine Bone mineral[Text Word])) OR (Deproteinized Bovine 
Bone matrix[Text Word])) OR (Bovine bone[Text Word])) OR (Equine bone[Text Word])) OR (deproteinized 
equine bone mineral[Text Word])) OR (Bone substitut*[Text Word])) OR (equine[Text Word])) OR 
(Bovine[Text Word])

274,952

#3 (((((Xenograft*[Text Word]) OR (Xenogenic*[Text Word])) OR (Xenogenic*[Text Word])) OR 
(Heterogenic*[Text Word])) OR (heterograft*[Text Word])) OR (Heterogeneic*[Text Word]) 112,258

#2 (bone substitutes[MeSH Terms])) OR (transplantation, heterologous[MeSH Terms])) OR (heterografts[MeSH 
Terms]) 52,367

#1
((((alveolar augment*[Text Word]) OR (alveolar ridge augment*[Text Word])) OR (Ridge augment*[Text 
Word])) OR ((lateral ridge augment*[Text Word]) OR (horizontal ridge augment*[Text Word]))) OR (alveolar 
ridge augmentation[MeSH Terms])

4,934

Appendix 3. Embase search until 25th of January, 2022

No. Searches Results
#1 exp bone prosthesis/ 10246
#2 exp xenograft/ 44354
#3 1 or 2 54372

#4
(Xenograft* or Xenogenic* or Xenogenic* or heterograft* or Heterogeneic*).mp [mp= title, abstract, heading word, 
drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword heading word, 
floating subheading word, candidate term word]

148115

#5

(DBBM or Deproteinized Bovine Bone mineral or Deproteinized Bovine Bone matrix or Bovine bone or Equine bone 
or deproteinized equine bone mineral or Bone substitut or equine or Bovine).mp [mp= title, abstract, heading word, 
drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword heading word, 
floating subheading word, candidate term word]

293899

#6 3 or 4 or 5 448442

#7
(alveolar augment* or alveolar ridge augment* or Ridge augment* or lateral ridge augment* or horizontal ridge 
augmen*).mp [mp= title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, 
device trade name, keyword heading word, floating subheading word, candidate term word]

2120

#8 exp alveolar ridge augmentation/ 978
#9 7 or 8 2120
#10 6 or 9 571
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Appendix 4. Cochrane Library search until 25th of January, 2022

ID Search Hits
#1 MeSH descriptor: [Alveolar Ridge Augmentation] explode all trees 393

#2 Lateral ridge augment* OR Horizontal ridge augment* OR Alveolar augment* OR alveolar ridge augment* OR ridge 
augment* 1016

#3 #1 OR #2 1016
#4 MeSH descriptor: [Bone Substitutes] explode all trees 564
#5 MeSH descriptor: [Transplantation, Heterologous] explode all trees 82
#6 MeSH descriptor: [Heterografts] explode all trees 74
#7 #4 OR #5 OR #6 683
#8 Xenograft* OR Xenogenic* OR Xenogenic* OR Heterogenic* OR heterograft* OR Heterogeneic* 1156

#9 DBBM OR Deproteinized Bovine Bone mineral OR Deproteinized Bovine Bone matrix OR Bovine bone OR Equine 
bone OR deproteinized equine bone mineral OR Bone substitut* OR equine OR Bovine 6125

#10 #7 OR #8 OR #9 7037
#11 #3 AND #10 382
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