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Abstract

Purpose This study aimed to perform a systematic review about the use of xenogenous bonegraft in horizontal ridge augmen-
tation to answer the following question: In implant patients, treated with xenografts for horizontal ridge augmentation, what
would be the outcomes in terms of bone gain, bone resorption, implant survival, and complication rates?

Methods The main search was performed at PubMed, Cochrane, and Scopus databases, and found 2610 articles. After selection
and duplicate removal, 29 studies were included in the final review. The collected data were sample size, number and type of
graft, site, horizontal gain, resorption rate, and complications.

Results A total of 610 patients were submitted to 853 bone grafts, both in the maxilla and mandible. Most studies (n = 26) used
particulate grafts, isolated or associated with autogenous bone, and covered by collagen membrane or titanium mesh. The mean
of horizontal bone gain was 4.44 mm. In addition, the augmented ridges allowed placement of 1325 successful dental implants.
The complication rate was 7.85%, and membrane exposure was the most reported complication.

Conclusions Although the autogenous bone graft remains as the gold standard for alveolar reconstruction, this review suggests
that xenogenous bone graft is a feasible alternative for horizontal bone augmentation.
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Introduction

5 Pedro Henrique de Azambuja Carvalho The alveolar ridge resorption can restrict dental implant place-

carvalhopha@outlook.com ment [1]. Usually, the bone resorption occurs as a conse-
quence of tooth loss, trauma, and pathologies [2]. Therefore,
Guilherme dos Santos Trento augmentation procedures are performed to provide adequate
guilhermetrento @yahoo.com.br bone volume for dental implant placement [3]. Residual alve-
Lucas Borin Moura olar ridges according to the main resorbed region are classified
lucasbmoura@gmail.com as horizontal, vertical, or combined defects. This classification
Giovanni Cunha guides the surgeon to the adequate diagnosis and support the
giovannicunha@foar.unesp.br treatment decision [4]. Different techniques are available to
Marisa Aparecida Cabrini Gabrielli reconstruct and/or regenerate atrophic alveolar ridges, includ-
macg @foar.unesp.br ing ridge split crest, bone block graft, biomaterials, distraction
Valfrido Antonio Pereira-Filho osteogenesis, and guided bone regeneration [5—11].
dinho @foar.unesp.br The autogenous bone is the gold standard for graft procedures
due to osteogenesis, osteoinduction, and osteoconduction fea-
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UNESP — Sao Paulo State University, 1680th Humaita Street, However, the autogenous grafts have some disadvantages includ-
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ing: requirement of a donor site, high morbidity, potential graft
resorption, and difficulty to adaptation. Therefore, alternative
bone materials from different origins are available, represented
by allogenic bone graft (derived from human cadavers),
xenogenous bone graft (derived from other animal species),
and bone graft substitutes (completely synthetic) [14-16].

The xenogenous bone is used for alveolar ridge augmentation
with reliable results, low morbidity, and decreased complication
rate [14, 17, 18]. Also, they show a good long-term stability due
to the slow resorption characteristic [19]. It is important to high-
light that any bone substitute material has osteoinductive feature
similar to autogenous bone. Actually, the bone substitute mate-
rials support the bone healing process by the osteoconductive
characteristic [16, 18-20]. Furthermore, the efficiency of bone
substitute materials in augmentation procedures is proved in
many studies [17, 19, 21].

The aim of this study was to perform a systematic review of
literature on horizontal ridge augmentation using xenogenous
bone graft for dental implant placement, to evaluate the bone
gain, graft resorption, complication rate, and success.

Materials and methods
This systematic review was directed in accordance for the

PRISMA statement (Preferred Reporting Items for
Systematic Review and Meta-Analysis) [22], and aimed to

J

Fig. 1 Flowchart of systematic

answer the following question: In implant patients, treated
with xenografts for horizontal ridge augmentation, what
would be the outcomes in terms of bone gain, bone resorption,
implant survival, and complication rates?

Search strategy and selection criteria

The search strategy was performed in MEDLINE (Medical
Literature Analysis and Retrieval System Online, via
PubMed), ELSEVIER (via Scopus), and Cochrane Library
databases. All possible combinations of the following descrip-
tors were searched: “xenograft,” “Xenogenous,” “bone
augmentation,” “bone reconstruction,” “bone particulate,”
“bone block,” “bone augmentation,” “bone reconstruction,”
“bone particulate,” “bone block,” “lateral augmentation,”
“ridge augmentation,” and “horizontal augmentation”.

Three independent reviewers (GC, GST, LBM) analyzed titles
and/or abstracts according to the following inclusion criteria:
specific studies that evaluated horizontal ridge augmentation
using xenogenous bone grafis, studies on humans, reported in
the English language, no time restriction regarding to publication
date, and study types: case series, retrospective, or prospective
clinical trials. The inclusion criteria were broad to bring general
results. Technical variations, use of membranes, or type of pros-
thetic rehabilitation were not considered. Furthermore, bone
grafts used in sinus lift procedure or vertical augmentation were
not included on this study.

review process, according to the
PRISMA statement
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After the initial selection, the researchers evaluated the full-
text of the selected articles according to the same inclusion
criteria to define the final included studies. Any disagreements
between the reviewers were settled by additional discussion.

Data extraction

Data from the included studies was extracted by the reviewers,
including the following variables: type of study; augmentation
procedure (bone block and/or particulate graft, xenogenous or
xenogenous-autogenous mixture); number of patients, age,
and gender; number of bone grafts; anatomic region of aug-
mentation; horizontal bone gain; resorption rate; complica-
tions; implant viability; and success rate. Again, disagree-
ments between reviewers were solved by further discussion.
Data were analyzed by descriptive statistics and horizontal
bone gain was evaluated by the confidence interval (95%)
from the data.

Quality evaluation
All included studies were evaluated using the PRISMA state-

ment [22] criteria to define the scientific evidence for the
clinical decision-making process. This evaluation classifies

the potential risk of bias of each study, analyzing the following
criteria: random sample selection, definition of inclusion and/
or exclusion criteria, report of losses to follow-up, validated
measurements obtained, and statistical analysis. Studies meet-
ing all criteria were classified as low risk of bias, those that did
not meet one of the criteria were classified as moderate risk of
bias, and those that did not meet two or more criteria were
classified as high risk of bias.

Results

The electronic search was performed by two authors (GC and
GST) in March 04, 2017 resulting in 2160 articles. After du-
plicate removal and the reading of titles and/or abstracts, 69
articles were selected. The full-text of all the selected articles
was reviewed for the inclusion criteria. Thus, 37 articles did
not meet one or more inclusion criteria in title and/or abstract,
and three articles were excluded after full reading. Therefore,
29 articles were included in the final selection. A flowchart of
the selection and inclusion process is present in Fig. 1.

All the included articles ranged between 2001 and 2017.
Among them, 18 studies were prospective, 10 were retrospective,

Table 1 PRISMA quality assessment of bias from selected papers
Year Author Randomization Include/exclude Loss of follow-up Valid Statistical Risk
criteria measurements analysis of bias

2016 Amoian et al. Yes Yes Yes Yes Yes Low
2016 Gultekin et al. No Yes Yes Yes Yes Moderate
2016 Meloni et al. No Yes Yes Yes Yes Moderate
2016 Pelegrine et al. Yes Yes Yes Yes Yes Low
2016 Schwarz et al. No Yes Yes Yes No High
2016 Urban et al. No Yes Yes Yes No High
2016 Wessing et al. No Yes Yes No No High
2015 Mertli et al. Yes Yes Yes Yes Yes Low
2015 Monje et al. No Yes Yes Yes Yes Moderate
2014 Kolerman et al. No Yes Yes Yes Yes Moderate
2014 Mordenfeld et al. Yes Yes Yes Yes Yes Low
2014 Pistilli et al. Yes Yes Yes Yes Yes Low
2013 de Stavola et al. Yes Yes Yes Yes No Moderate
2013 Poulias et al. Yes Yes Yes Yes Yes Low
2013 Shalash et al. No Yes Yes Yes Yes Moderate
2013 Urban et al. No Yes Yes Yes Yes Moderate
2012 Block et al. No Yes Yes Yes Yes Moderate
2012 Khammees et al. No Yes Yes Yes Yes Moderate
2012 Pagliani et al. No Yes Yes Yes Yes Moderate
2011 Calvo-Guirado et al. No No No No Yes High
2011 Cordaro et al. Yes Yes Yes Yes Yes Low
2011 Urban et al. No Yes Yes Yes Yes Moderate
2009 Di Stefano et al. No Yes Yes Yes Yes Moderate
2008 Pieri et al. No Yes Yes Yes Yes Moderate
2007 Hammerle et al. No No Yes Yes Yes High
2006 Steigman No No Yes Yes No High
2006 Von Arx et al. No Yes Yes Yes No High
2003 Hellem et al. No Yes Yes Yes No High
2001 Hising No Yes Yes Yes Yes Moderate

@ Springer



271-279

Oral Maxillofac Surg (2019) 23

274

(1) papasu
Suumoyuooar yeid

‘(1) uonensanbas auoq
(1) Anpqow yeid

‘(1) uondiosar yerd

SueIqUIdW USFR[[00

110} 10 DI9AJS “(6) (sased Jo d[qrpuewt + [90[q SNOULZOUAX
(09 0 12) 8'9% 0T SSO] JBIB YA 90ULISTYA( (%19) €5 %0S UL SSO| Y1) Iesle pue e[[Ixejy 10 3j00[q snousgoINY 0t 07 oAndadsoxg Tewmmsid - 10T
(07:099)
(%L81FTLD)
wur '
F81/(01:060) (07:09D)
(%S ETFL'YE) €1FSP/(01:06D) S[qipuew snousgouax er
(SL-60) 965 I (L) oud0styaq (%81°L6) 1L ww LT FET VIF0Y pue e[[IXejN pue snousSone djenoned 8¢ €l aAnoadsoig PIRJUSPIOIN  ¥710T
JUBIqUISW
(81) Imsodxo ma1os JqIpuB ua3e[[0d + snouadouax Te 1
(LL=61) 9 19400 1(ST) 2OUDSIYIT (908°56) TT1 * €60FSE pue e[[IxejN are[nonied + 15010 idg (14! Iy oanoadsonoy uewRoy - 10T
QueIqUIdW UaSe[[0d
+ snouaSouox arernonted
pue (35210 eI[D) 320[q
snousSone LouRIqUIST
uage[[0d + snouafouax
I0) ¥8'1F€6F aenoned pue (snuwe:
$8-81 - - ® ® (AR P T FETE PIIIXBW IOLRIUY  IR[NQIPUBLL) 300[q SNOUSS0IMY 6l ¥1 danoadsonay e Rl §10T
() uonoagur (1)
(9L-0€) Q0ULASIYAP :dD1-¢ (doI1-9) ouelq
FTLFYES (1) eisoypsored wu Gy F (doL-¢) -Lau udge[[od + 4D 1-¢
d0L-g ((9L-1€) ‘(1) uonoagut ¥$°0/(ssO-01g) LT §°¢/(ss0-ote) S[qipuew 10 dueIquIdW UaFe[[0d
€1 F9¢ ssO-olg — ‘(1) 20uL0sIy3p :$SO-0Lg (%001 19 wur 9g°0 F LL'O TIFIE pue B[IIXeN + SNOUASOURX dJe[NIILIE] 0s 0s oAnoadsolg TeWIBN - ST0T
QueIquIdW
uaSey[od + (1:1) sdiyo
(7) sso d[qipuew snousoine + snousSoudx
LT TIFLLS I LAVYD 1(9) dousosiyaq (%001) €01 * * pue e[[IXeN 10 SNOUAB0ULX SJe[NANIE] 6 9¢  oAnoadsonoy  [e 19 Suissol 9107
QUBIqUISW
uage[[09 10 94 [d-0 10
J[qIpuew 94Ld-P + (1:1) snouo3oudx
(08-8Y) 9V F9%9 - - (%9°L6) TT1 W O 1+ 41 S1F0L pue e[[IXejN pue snousgojne dpenonIeg 6l 91 2anoadsonay e ueqIn  910C
‘(1) amsodxa (g=u) QUBIqUISW
M3I0s (1) uondios SLTFSS /01 =u) J[qIpuBW ua3eyj0o + ogenonted
(0L ¥'Ly T -21300[q 1(L) doud0sIyg (%08) 8 ® 0TTF00°€ pue BJ[IXeN PUE 300[q SNOUS50USY 01 01 oAndodsonay  [E 1 ZIMIPS 9[0T
(359)) moxew
quoq paxndse + snousgoudx
(s9) Wt €¢°[ F 60y denonted 1o (jonuod)
TTFYTS - - (%001) 91 < ® (jonu0d) ST F €'y PI[IXEW oMUY SNOUSTOUAX AJR[NIILIE] 8 8 oAnoadsord [e 10 dULBORd  910T
aueIqudw
() ssof YeIs noyim J[qIpuBWw pue uage[[0d + (]:]) snoudSoudx
(8L+0) 89S - amsodxa sueIqUIdJA (9%001) SS * SI'CTFE0'S  B[[IXeu IOLLISOJ 10 snouaSojne dje[nonIed w 81 aanoadsord B R IUOPPIN  910T
QueIquISW
(L9-82) uo3e[[00 + snoudfouox
LTOT FT8'8Y 1 - (%001) €T BbLYTFBY'TI ILOFTV'S BIIIXEIA 10 SNOUdFOoINE Ye[NONIE] 8¢ pT oAmdadsonoy B0 UMD 9T0C
QUBIQUIdW USFe[[0d
(ssQ-o1g) + (SsQ-o1g pue auogoua)))
05 0 0¢ * ® ® ® L€ €/(3U0qOUD) €6'C QlqipueN SNOUATOUAX AR[NONIE] €1 0l oAnoadsold  [eje uelOWY 9[0T
papaou yeId
(3uer (s  moupuerdun jo (9181 $59001S) (9 10 ) () ugisap
Fueow) a3y Auqiqissoduy suoneordwo)) syuedwy uondiosay] ured [eJUOZLIOH  BAIB PajjeIn) J10s yein syern ojdweg Apmg oyny  Ieox

Surusaros Surpear [[ny Joye sioded papnour Jo uondenxa eleq ¢ d|qel

pringer

Qs



275

271-279

Oral Maxillofac Surg (2019) 23

sdnoi3 ypoq 103 ures oy syuasardar ured ueaw oY) ‘seIS SNOUSFOUIX + Snoud3oIne pue syeIs auoq snoudgone syuasaid sioyny L

UOTBULIOJUI JUOSQY 5

(US] 809 1oL
d[qipuew uquioxy + ayenoned
(#8—+0) 11709 4 (2) uonayuy (%5°08) 1€T ww | > # PUE E[[IXE]A|  SNOUSSOUSX pue snoudgony 6 1L oanoadsonay SulstH  100T
(ay1s Jouop J[qipuew uagounqy + apenonted
9 1Y — 01 parepa) (1) wsoquig (%6°66) T8 % % PUe B[[IXR]A snousSoudx pue snousSony 6T 0§ oAnadsorg ‘Te 19 Wa[PH €007
(©)
amsodxa oueIqUIdDIA QueIqISW USTE[[0d
*(1) 20Ud0SIYap J[qipuew + 9enonued snousgoudx
(SL—LD) ¥€ C pue BwWojetioy ® Wit 280 F9¢°0 SOTF9Y pue e[[IxejN pue o0[q snoussomNy 8¢ Ty eamadsord  [BIOXIV UOA 9007
1) J[qIpuBw QUEBIQUIOW USFE[[0d
(89-5¢) 1 2msodxo speaxy) yuejduy (%001) 61 ® 99T F¥0°€ PUE B[[IXe]N +dpenonied snousgousx 61 8 oAnoadsonay uewSlS  900C
QUBIQUIOW J]qBqIOSAI
+ 3}00]q snoudSouax Te 1w
(2800 ¥ - - (%001) ST # S1F9€ BIIXeN 10 apenoned snoudfousy S1 71 eandadsord SpOWWRH  £00T
(¢) syuerd [sow wnruey)
#9-62) -w punoze uondios d[qrpuewt + (0€:0L) snouagouax
9501 F €967 - -a1 (1) 2msodxa ysopy (%81°€6) v W ZE0F LET 650F9I'Y PUE e[[IXeN pue SnouaSoIne djenonIed 61 91 aanoadsoid eIl 800T
d[qrpueut 2ALd-IL e R
(65—2¢) §°S¥ - - (%001) ST ® Y0'0F8T€E Joussod + SNOUSTOUSX SIE[NONIE] S S oAnoadsonay ougAsId  600T
(212U0qIED SUTATJOWIL)
pue IpIj0dA[T) durIqUIdW
d[qipueur 9]qeqI0sal + snouafouax
09-0€) 16'6% - - (%001) €7 ® HSYTF9S°S Pue B[IIXBN pue snousSoIne je[nonIed 0T 81 aanoadsorg Te 30 ueqIn) 1102
*(7) ssof ye1s Tened QURIqUIOW UT
s ansodxo oueiq S[qipuew -®[[00 J9AR[-1q + SNOUSTOUIX
(99-61) T - -Law £(]) 9UDSIYR( (%001) SS €COFSTO 9ETFE6'E pue e[ixejy  denonted + 300|q snousony w@ L1 oAnoadsold 10 0XepIO) 10T
d[qipuewr ysaur wniue)n
% - - % % % 10L13)S0J + snoudSouax oje[nonIe 0T 07  [0nu0d-3se)  OPBIND-OA[RD) 1102
J[qIpurw QUBIQUIAL J]qBGIOST
€or I - (%1°L6) vE T'IF0T STFLE PUe g[[IXe]N + SNOUSTOULX SJE[NINIE] 61 61 oanoadsord e 0 wended 10T
(Ss—€1) [SOW WINIUR)L) + SNOUSZOUdX
6ETIF618C - () 2msodxa ysoy (%001) €T wur 001 +£9°1 LS0OF88T e[xepy  demonted +300[q snoudiomy 91 €l aAnoadsold  [ej0 seauwreyy 10T
(1) sso yeid QUBIQUIAW J]qBGIOST
(§9-61) S'Tv = Tened g 20URdSIA (%001) T1 7> €S0F8T  P[IIXEW JoLRUY + SNOUSTOUAX SIE[NONIE] [ 71 oanoadsonay TeRolg  TI0T
QueIquIOW
d[qipuewr uaSe[[09+(]:]) snousSouax
(TL-09) LTS I (1) uonoajug (%001) 9L * WIF89S pue e[[IxejN pue snousSojne je[noneq 9L ST aAndadsoig TeRueqn  €10T
QURIqUISW J[qeqIOSAI-UoU
(@) ¥E0F vH'T/(1D) d[qrpuet + (D) snous3oudx oje[non
(S8 §'1€ ¢ () 2msodxa dueiqudy (%LY'68) 61 ® STOFI61 pue gpixely  -ted pue 43 1-¢ 10 (19) dOL-¢ 81 81 oanoadsord e e Useleys  €10T
(Lo
8¢) 11 F8S ‘7O d[qipueur QUBIQUISW J[(BqIOSAI
(LL9D 9T FTS 1D - - (%001) €T wur 6°0 F 0€°0 09°0F0S°0 PUE B[[IXeN + SNOUABOUOX JR[NONIE] 4! 4! oanoadsord e senmod  €10C
d[qipuew QUBIQUIOW J[qEqIOSAI Te 1w
(€9-02) 99 - - ® w670 F ST €0F9°¢ Jorzsod + SNOUATOUAX de[NoNIe] 01 U aAnoadsoid eloABIS 3P €10T
papasu yeid
(93uer :qS  moupueldur jo (9181 $52001S) (9 10 W) (turar) us3isop
Fueow) a3y  Aupqrssoduuy suoneosrjdwo)) syueduwy uondiosay] ured [B)UOZLIOH  BaIe PIyeln) yo0s yein syein ojdweg Apms oyny  Ieax

(ponumuoo) g J[qeL,

pringer

As



276

Oral Maxillofac Surg (2019) 23:271-279

C195% for bone thickness gain

Von Arx et al.m|

Urban et al.~

Steigman-|

Shalash et al.~

o]

[ o

Schwarz et al.~

Poulias et al.~|

Pistili et a1~ o

Pieri et al.~

Pelegrine et al{

Paglian et .|

Mordentfek et a-| |

Author

Monije et al.] [

Meri et o]

Meloni et al.~

Kolerman et al.~

Khamees et al.~|

Hammerle et al.~f [ B

Guttekin et al~]

di Stafano et a-

de Stavola et a-|

Cordadro et al.~

Block et .~

T
0,00 200

T
400

Bone Thickness Gain

Fig. 2 Horizontal bone gain (in millimeters), 95%CI according to available data

one was case-control, and one was case series. Table 1 shows the
quality assessment and bias risk of the selected papers.

Table 2 presents the extracted data for each reviewed arti-
cle. The mean of horizontal bone gain was 4.44 mm, ranging
from 0.11 to 7.72 mm (Fig. 2). In contrast, 18 studies reported
resorption data, in millimeters and/or percentage. The means
of resorption rate were 1.29+1.11 mm and 24.4+11.04%.
The complication rate was 7.95%, and membrane exposure
was the most frequent reported one. Furthermore, the achieved
horizontal volume allowed implant placement with a success
in 96.93% of the cases.

Discussion

This study aimed to aggregate qualified scientific information
about horizontal ridge augmentation using xenogenous bone
grafts to clarify and discuss its advantages, indications, and
complications. In total, 610 patients were submitted to 853
augmentation procedures, involving both the maxilla and
mandible. The xenogenous bone grafts were used in different
forms, 73.0% of studies used xenografts as particulate graft,
alone or associated with autogenous bone. Furthermore,

@ Springer

usually, the grafts were covered by a membrane. Most of the
studies used absorbable membrane [2, 14, 23-40], and few
studies used titanium mesh [41-43]. Moreover, two studies
applied a fibrin sealant—containing fibrinogen, aprotinin,
and thrombin—to the grafted area [44, 45]. The application
of barriers probably decreases the resorption rates, but the type
is not relevant for bone gain [3, 7, 10, 23, 24, 29].

This systematic review was not limited to clinical trials to
achieve more data about the use of xenografts. Thus, it was
observed that particulate xenograft was the most frequently
used, followed by the mixture between autogenous and
xenogenous particulate grafts.

Some disadvantages of autogenous bone such as high rates of
resorption, harvesting surgery morbidity, and limited amount of
volume, stimulated researchers to investigate about bone material
substitutes as feasible alternatives [46—48]. Furthermore, most of
the studies are from the last 10 years, revealing that this subject is
recent and there is a lack of absolute information. The autoge-
nous graft seems to have a significant higher resorption rates
when compared with xenografts. In our review, the average re-
sorption for xenografts was 24.4%, while the literature report
average resorption rates varying from 10 to 49% for autogenous
bone grafts [14, 49-52].
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Regarding complications, 13 studies did not report any
type [1, 2, 26, 28, 30, 31, 33, 36, 37, 40, 42, 53]. On the other
hand, the remaining studies demonstrate dehiscence as the
most common complications, however not leading to major
problems. Another common complication was membrane ex-
posure with no need of surgical interventions. However, seven
studies reported graft infection, failure, and need re-operation.

Horizontal augmentation procedures using xenografts are
feasible, presenting significant bone gain and low rates of
complications. Esposito et al. [18] published a systematic re-
view evaluating the efficacy of both horizontal and vertical
augmentation procedures. However, they found few evi-
dences about horizontal augmentation, with only one clinical
trial. In our review, 18 studies were prospective and seven of
them presented low risk of bias.

Wessing et al. (2018) [54] published a similar review; how-
ever, they have considered any kind of grafts, as fresh frozen
bone grafts, autogenous grafts, or xenografts. Beyond our
analysis considered only graft procedures with presence of
anorganic bone materials, we found a similar treatment suc-
cessrate, 99.13% (CI, 97.23-99.96) in the Wessing et al. study
and 96.43% (CI, 95.43-97.43) in our study.

According to the reviewed studies, xenogenous graft pro-
vides proper amount of bone augmentation in thickness (mean
4.44 mm), and high rates of success for implant placement.
Just one study presented lower success for implant placement
(64%) [14]. However, this study was the only one that used
bone blocks from equines and showed 50% of graft loss,
which is not reported in any other study [14].

The highest thickness gain was shown by Urban et al.
[37] and Gultekin et al. [30], both using a combination of
autogenous and xenogenous particulate grafts. These
findings agree with the hypothesis that anorganic
xenogenous graft could slow the resorption of autoge-
nous bone [7, 25, 30] increasing the volume to the
grafted area [1, 2, 27, 52].

The study with the greatest sample size was Kolerman
et al. [38] and achieved a mean gain of 3.5 mm (SD
0.93 mm) using a combined technique of split crest and
interpositional particulate graft.

The limitation of this systematic review was the impos-
sibility to perform meta-analysis due to the variability and
lack of standardization of data. Moreover, despite the
number of studies included, only one of them was a ran-
domized clinical trial. Therefore, future studies should
explore this lack of clinical trials about the use of bone
substitutes in augmentation procedures, especially for hor-
izontal augmentation.

The xenogenous bone grafts, regardless of form of use,
presented high success rate without major complications.
Those procedures allowed implant placement in 96.63%
of the cases. Autogenous block grafts show success rates
from 92 to 100% [55]. However, there are few data about

implant installation in grafted areas. Therefore, it is pos-
sible to conclude that xenografts are a feasible alternative
to autogenous bone grafts in horizontal augmentation.
Additionally, we encourage researchers to perform con-
trolled randomized clinical trial in this area due to the lack
of strong evidence about implant insertion torque, initial
stability, and osseointegration failures in grafted areas.
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