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ABSTRACT

Objectives: The purpose of the present review was to evaluate the effect of different bone substitutes used for alveolar ridge
preservation on the post extraction dimensional changes.

Material and Methods: An electronic literature search in MEDLINE (PubMed), EMBASE (OVID) and Cochrane
(CENTRAL) were performed, in addition to a manual search through all periodontics and implantology-related journals, up
to December 2018. Inverse variance weighted means were calculated for all the treatment arms of the included trials for the
quantitative analysis.

Results: Forty randomized controlled trials were included in the quantitative analysis. Dimensional changes were obtained
from clinical measurements and three-dimensional imaging. The average amount of horizontal ridge resorption was 1.52 (SD
1.29) mm (allograft), 1.47 (SD 0.92) mm (xenograft), 2.31 (SD 1.19) mm (alloplast) and 3.1 (SD 1.07) mm for unassisted
healing. Similarly, for all the evaluated parameters, the spontaneous healing of the socket led to higher bone loss rate than the
use of a bone grafting material.

Conclusions: The utilization of a bone grafting material for alveolar ridge preservation reduces the resorption process occurring
after tooth extraction. However, minimal differences in resorption rate were observed between allogeneic, xenogeneic and
alloplastic grafting materials.

Keywords: alveolar bone atrophy; alveolar bone grafting; alveolar process atrophy; bone remodeling; evidence-based den-
tistry.
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INTRODUCTION

Adequate height and width of the alveolar hard and
soft tissues is paramount importance for the placement
of dental implants in a functionally and aesthetically
optimal position [1]. However, following tooth
extraction, the alveolar ridge undergoes physiological
remodelling that results in vertical and horizontal
osseous reduction, a increase in soft tissue thickness,
and a narrowed band of keratinized mucosa [2,3].
These dimensional changes occur predominantly in
the horizontal plane and are more pronounced during
the first 3 months, followed by gradual reduction
thereafter [4]. Previously published systematic
reviews have demonstrated that a substantial loss of
alveolar ridge volume following tooth extraction may
compromise a future implant-supported fixed dental
prosthesis [5,6]. Therefore, maintaining the post
extraction dimensions will minimize the necessity
for alveolar ridge augmentation prior to implant
placement.

Alveolar ridge preservation (ARP) is a surgical
technique that aims to minimize the degree of

post extraction dimensional changes [7]. Various
biomaterials, biologic agents, and technical
approaches have been proposed. However,

contradictory results, regarding the technique and/
or material of choice, have been reported. While a
recent investigation considered the combination of a
xenogenic or allogenic bone substitutes and resorbable
collagen sponge or membrane as the most beneficial
protocol, other investigations failed to identify a
distinctly superior bone substitute when volumetric
changes were in question [8,9]. On the other hand,
most of the evidence supports the beneficial effect of
ARP versus tooth extraction alone [10], concurring
with many other previously published systematic
reviews and meta-analyses [8,11-16].

A reduction in the soft tissues accompanied by
a narrowed band of keratinized mucosa may
interfere with future peri-implant diseases [17]. Post
extraction keratinized tissue dimensions subsequent
to varying ARP techniques and biomaterials do not
differ significantly from their changes following
spontaneous extraction socket healing [9]. However,
a randomized controlled trial revealed better
preservation of the facial keratinized tissue after ARP
using combination of corticocancellous porcine bone
with a collagen barrier membrane [18].

Consequently, the scientific literature remains
inconclusive with regard to the ideal surgical
technique and biomaterial necessary to minimize
post extraction dimensional changes of the alveolar
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ridge. Therefore, the aim of the present systematic
review was to investigate the impact of different bone
substitutes used for alveolar ridge preservation on the
post extraction dimensional changes.

MATERIAL AND METHODS
Protocol and registration

The methods of the analysis and inclusion criteria
were specified in advance and documented in a
protocol. The review was registered in PROSPERO.
The present systematic review was conducted
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA)
guidelines [10] and the Cochrane Handbook.
Additionally, the Assessment of Multiple Systematic
Reviews (AMSTAR) checklist was referenced to
achieve the predetermined standards of reporting set
for conducting systematic reviews [20].

Focus question

The following focus question was developed
according to the population, intervention, comparison,
and outcome (PICOS) design (Table 1):

What is the effect of different bone substitutes in ARP
procedures performed in adult human subjects, when
compared to unassisted and spontaneous healing of an
extraction socket alone, on the prevention of alveolar
ridge resorption performed in adult human subjects
and reported in randomized controlled trials (RCTs)?

Information sources

An initial electronic systematic search was performed,
without any publication date, language or journal
restrictions, in the following electronic databases:
National Library of Medicine (MEDLINE [PubMed]
and ClinicalTrials.gov), EMBASE (OVID) and
the Cochrane Central Register of Controlled Trials
(CENTRAL).

Search

The following search strategy was designed
for the MEDLINE (PubMed) database and
then modified accordingly for other database

engines: (socket[All Fields] AND (“preservation,
biological’[MeSH Terms] OR (“preservation”[All
Fields] AND “biological”’[All Fields]) OR “biological
preservation”[All  Fields] OR “preservation”[All
Fields])) OR (ridge[All Fields] AND (“preservation,
biological’[MeSH Terms] OR (“preservation”[All
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Table 1. The focus question development according to the PICOS study design

Component

Description

Population (P) [Subjects undergoing a tooth extraction

Intervention (I) employing a barrier membrane.

ARP using bone substitutes identified in the studies (i.e. an osseous allograft, xenograft and/or alloplast) with or without

Comparison (C) |Different bone substitutes

Outcome (O)

subcrestal reference points).

Dimensional stability of the alveolar ridge based on:

Primary: horizontal (bucco-lingual) and vertical (apico-coronal at mid-buccal and mid-lingual) socket dimensions
immediately after tooth extraction (baseline) and > 3 months after (follow-up).

Secondary: vertical bone level changes (at mesial and distal of the socket) and horizontal bone level changes (at several

Study design (S) |Randomized controlled trial

Focus question

What is the effect of different bone substitutes in ARP procedures performed in adult human subjects, when compared
to unassisted and spontaneous healing of an extraction socket alone, on the prevention of alveolar ridge resorption
performed in adult human subjects and reported in randomized controlled trials (RCTs)?

Fields] AND “biological”[All Fields]) OR “biological
preservation”[All Fields] OR “preservation”[All
Fields])) AND Clinical Trial[ptyp]. The last search
was performed on October of 2018. Additionally,
to complement the electronic search process, an
additional manual search, through the following
relevant journals from January 2000 to December
2018, was performed to ensure a thorough screening
assessment: “Journal of Periodontology”, “Journal
of Clinical Periodontology”, “Clinical  Oral
Implants Research”, “Clinical Implant Dentistry and
Related Research”, “Journal of Dental Research”,
“International Journal of Oral and Maxillofacial
Implants”, “International Journal of Oral and
Maxillofacial ~Surgery”, and the “International
Journal of Periodontics and Restorative Dentistry”.
The bibliographies of the retrieved studies and
previous published reviews on the topic were also
searched for potential articles.

Selection of studies

After the primary systematic search, all the titles
and abstracts were scanned independently by two
investigators (JM and AR), followed by the full-text
assessment of the potentially eligible studies. In case
of any doubt or disagreement between the two authors
regarding study selection, a third investigator (FS)
was contacted.

Types of publications

Only human randomized clinical trials have been
included. Non-randomized clinical trial studies such
as prospective controlled clinical studies, case series,
case reports, and retrospective studies were excluded,
furthermore, letters, editorials, PhD theses were not
considered.

http://www.ejomr.org/JOMR/archives/2019/3/e6/v10n3e6ht.htm

Types of studies

The included group must have involved utilization
of a single bone graft material (no combination of
different bone substitutes materials), or spontaneous
healing sockets.

Types of participants/population

Subjects, in which changes in the outcome measures
(alveolar ridge dimensions) were assessed -either
clinically or with the use of three-dimensional
radiography with standardization.

Inclusion and exclusion criteria

A systematic literature search limited to RCTs,
without any language restriction, was performed
based on the following criteria: studies having
recruited a minimum of 5 healthy adult individuals
(> 18 years old) per study arm who had undergone
at least one tooth extraction, while allowing for
at least 2 months of healing. The inclusion of a
control group (spontaneous socket healing) was not
considered necessary to be selected for inclusion.
Hence, comparative studies may or may not have
included a control group (unassisted socket healing).
The approach for the intervention must have involved
the utilization of a bone substitute (whether or not
it was covered with a barrier membrane) without
any additional therapy that may have interfered
with the healing outcomes (e.g. growth factors,
platelet-rich plasma, immediate implants etc.). The
changes in the alveolar ridge dimensions must have
been measured either clinically or with the use of
three-dimensional radiography that is standardized
between visits. Thus, studies that have not assessed
clinical outcomes, or those that performed
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two-dimensional radiographic assessment of the
ridge dimensions were excluded. All non-randomized
studies (i.e. prospective controlled and non-controlled,
case series, case reports and retrospective study
designs) were also not included. The corresponding
authors of potentially eligible studies were contacted,
to clarify any uncertainties, ahead of making a final
decision. In the absence of a response and/or if the
data was insufficient, the study was excluded from the
final review.

Data extraction

The data were separately extracted by two
investigators (AR and TM) according to the
aforementioned criteria to confirm the suitability of
each trial. In case of any discrepancies during the data
extraction, a third investigator (FS) was referred to for
resolution of the matter. The collected data consisted
of the following:

e General study characteristics (date and country of
publication, participants’ characteristics, number
of groups/interventions, and study setting).

e Clinical procedures (bone substitute, membrane
type, type of surgical procedure and type of
extraction  (i.e. flapped versus flapless), and
follow-up/healing time).

e Quantitative  dimensional
extraction socket.

e Source of funding (e.g. institutional, commercial,
self-funded).

changes of the

Data items

Data were collected and arranged from selected

articles in the following fields:

*  “Year“ - describes the date of publication.

e “Study design“ - indicates if the patients were
divided in a parallel or split-mouth design.

e “Ridge preservation” - describes a procedure to
reduce alveolar bone loss after tooth extraction.

e “Material used in alveolar ridge preservation” -
indicates the type of bone graft substitutes (if
present) used to restore the damaged extraction
socket after tooth extraction.

e “Clinical and radiographic parameters” - revealed
the changes in alveolar dimensions during the
socket healing process.

Risk of bias within studies
For assessing the quality of the included trials, the

same authors (JM and AR), individually examined and
categorized the studies according to The Cochrane

http://www.ejomr.org/JOMR/archives/2019/3/e6/v10n3e6ht.htm

Risk of Bias Tool for Randomized Controlled Trials
[21]. The risk of bias was considered low if a study
provided information on all the parameters. A study
that had not provided information on even one of the
parameters was considered as having a moderate risk
of bias, and if a trial or article lacked information
about 2 or more parameters, it was categorized as
having a high risk of bias.

Statistical analysis

Inverse variance weighted means were calculated for
all the treatment arms of the included trials for the
quantitative analysis to display the amount (in mm)
of ridge resorption in all available and measured
dimensions. Ridge resorption of the control groups
(unassisted socket healing) was also calculated
similarly. Data were expressed as means with standard
deviations and all statistical analyses were performed
using Rstudio for Macintosh (Rstudio Version
1.1.383, Rstudio, Inc., Massachusettes, USA) and the
metafor package.

RESULTS
Study selection

The initial search yielded a total of 1246 studies, from
which 549 were excluded subsequent to duplicate
removal. Seventeen additional records were identified
through direct hand-search of the references and
journals. After screening 714 titles and abstracts,
85 studies remained for full-text examination. After
thorough evaluation of the studies according to the
eligibility criteria, 40 RCTs were included in the
quantitative analysis [22-61]. The most frequent
reasons for exclusion of the articles were due to:
» the use of biologics, growth factors or healing
enhancers, volumetric analyses;
* a histological study design short of clinical data
on ridge dimensions;
* immediate implant placement or alternative
protocols not within the scope of this review.
Figure 1 displays the screening process leading to
the selection of the included 40 trials and data S1
tabulates the causes for extraction of the articles.

Study characteristics

All articles selected for the quantitative analysis
reported results of RCTs aimed at evaluating the
effect of different bone substitutes on decreasing
post extraction alveolar ridge atrophy. All studies
except Azizi and Moghaddam [23], that is in Farsi,
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were published in the English language. Seven studies
were performed in a split-mouth manner [36,52-57],
while the rest employed a parallel arm design [22-
51,58-61]. Four of the total studies included [58-
61] more than 2 treatment arms, while the remaining
trials consisted of one comparative treatment group
[22-57]. The follow-up time of the included studies
ranged from 3 to 8 months. Excluding two multi-center
studies [39,60], in Italy and Spain, all the trials were
conducted at a single center. The year of publication
ranged from 2003 to 2018.

The selection of the 40 trials rendered the inclusion
of 1178 subjects (age range from 18 to 81 years old)
with a total of 1366 extraction sockets for analysis.

Thirty studies performed ARP exclusively on non-
molar extraction sockets [22-24,26,27,29-31,33,35,37-
41,44-57,61], while the rest included molar sockets as

the type of teeth was not available in one article
[34]. Except for 11 studies which had utilized three-
dimensional radiography for measurement acquisition
taken clinically using a custom-made template for the
all other studies [22-26,28-34,38,44-55,58-61].

Two studies [28,39] were performed at a private
practice setting only, 2 [23,60] were carried out
at both institutional and private practice settings

)
Records identified through the systematic search Additional records
in the electronic databases (MEDLINE (PubMed), identified through other
c Cochrane (CENTRAL), ClinicalTrials.gov) sources
£ (n = 1246) (n=17)
S
E
c
(/]
©
- \ v
Records before duplicate removal (n = 1263)
—
)
o)
E Records after duplicates removed (n = 714)
o
3]
(7]
Titles and abstracts Records excluded
— Screened E—— (n = 629)
( ) (n=714)
‘a\ l
2 Full-text articles assessed Full-text articles excluded for not
= for eligibility > fulfiling the inclusion criteria (n = 45)
i _ 9
(n =85)
v
~—
— Reasons for exclusion:
- Use of biologics (n = 11);
- Volumetric or cast analysis (n = 6);
= Studies included for the - No clinical analysis (only histology) (n = 7);
o quantitative analysis - Treatment of severely compromised sockets (n = 1);
3 (n = 40) - Study protocol not compatible (n = 8);
= - Immediate implants (n = 6);
- - Non-randomized clinical trial (n = 2);
- Two-dimensional radiographic analysis (n = 2);
- Lack of sufficient sample size (n = 2).
—

Figure 1. Flowchart of literature search and selection process.
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and the remainder were conducted at an institutional
setting only [22,24-27,29-38,40-59,61]. Detailed
characteristics of the included RCTs are presented in
Table 2.

Allograft

Sixteen articles, consisting of a total of 394 treated
extraction sockets [26,27,30-33,41,44-46,49-52,56,61]
had reported the use of an allogeneic bone substitute
in their study for ARP. The average amount of
horizontal ridge resorption was 1.52 (SD 1.29) mm,
whereas the loss of ridge height amounted to 0.68
(SD 0.66) and 0.65 (SD 1.29 mm at the mid buccal
and mid lingual sites, respectively. In addition, based
on two studies that evaluated the horizontal resorption
at several reference points below the crest [45,56],
grafted sockets lost an average of 2.75 (SD 2.05), 1.93
(SD 1.62) and 0.75 (SD 0.79) mm at reference points
1, 3 and 5 mm below the crest. Finally, based on the
2 studies that evaluated the changes in ridge height
adjacent to the extraction socket [33,45], augmented
sockets lost 0.3 (SD 0.55) and 0.45 (SD 0.5) mm at
the mesial and distal aspects, respectively.

Xenograft

Twenty-two studies, consisting of 455
treated extraction sockets, utilized a
xenogeneic  bone  substitute [23-25,28,29,34-

77777777 On average, the
amount of reported resorption in the horizonal
dimension was 1.47 (SD 0.92) mm, whereas the
loss of ridge height amounted to 0.68 (SD 1.04)
and 0.47 (SD 0.97) mm at the mid buccal and mid
lingual sites, respectively. Based on the studies that
evaluated the horizontal ridge resorption below the
(SD 1.46), 0.66 (SD 0.72) and 0.41 (SD 0.58) mm
at reference points 1, 3 and 5 mm below the crest,
respectively.

Alloplast

Seven studies, including 103 sockets reported the
The resorption in the horizontal dimension based on
the aforementioned studies was 2.31 (SD 1.19) mm.
For the resorption in the vertical plane, only three
articles [35,38,53] reported this measurement and
reporting a loss of 1.23 (SD 1.84) mm at the mid
buccal site and 1.07 (SD 0.91) mm at the mid lingual
site. Only 1 of the 6 studies [35] assessed the changes
in the horizontal dimension at reference points below

http://www.ejomr.org/JOMR/archives/2019/3/e6/v10n3e6ht.htm

the crest (3.1 [SD 1.6] and 5.7 [SD 3] mm at 3, and
6 mm below the ridge, respectively). The reported
vertical bone resorption on the mesial and distal
aspects were also measured by one of the studies
[22], reporting 0.2 (SD 0.6) and 0.4 (SD 0.9) mm,
respectively.

Unassisted socket healing

Fifteen studies included a total of 161 post extraction
sockets that were left to heal without any intervention
or addition of a bone substitute [22-24,27,28,33-
36,42,54,57-60]. The subsequent resorption was
3.1 (SD 1.07) mm in the horizontal dimension, 1.79
(SD 0.98) mm in the mid buccal vertical dimension
and 1.53 (SD 1.02) mm in the mid lingual vertical
dimension. Based on studies that further evaluated
other parameters of socket healing [34-36,57],
there was 2.98 (SD 2.01) mm of horizontal ridge
resorption 1 mm below the crest, 1.59 (SD 1.23)
mm at 3 mm below the crest and 0.96 (SD 0.69)
mm at 5 mm below the crest. Regarding the ridge
height on the mesial and distal areas, an average
resorption of 0.52 (SD 0.85) and 0.57 (SD 0.93)

-54].
Quality assessment

The adopted risk of bias assessment for the included
RCTs, for criteria and method of reporting, was
according to the recommendations of The Cochrane
Risk of Bias Tool for Randomized Controlled Trials
[21] (Table 3). Accordingly, 4 articles were considered
to be at a low risk of bias [37-39,41], 16 at a moderate
risk of bias [24-27,34-36,40,44,49-52,55,56,61],

DISCUSSION

The clinical benefits of ARP have been extensively
demonstrated and robustly evidenced [7]. To date,
a plethora of scientific evidence, consisting of many
clinical trials and meta-analyses, have repeatedly
shown an attenuated magnitude of ridge resorption
with ARP through a diverse set of protocols and
techniques [8,9,12,62]. The results from this
present analysis corroborate previous studies when
demonstrating an average horizontal resorption
rate of 3.4 (SD 1.07) mm for unassisted socket
healing, compared to an average 1.43 (SD 0.89)
mm, 1.52 (SD 1.29) mm and 1.84 (SD 1.08) mm
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Table 2. Characteristics of the included investigations

Allowed N patients | N sockets |Inclusion Type Barrier
Year of | Study | healing P Bone substitute materials JP Flap/primary . Method of
Study s L. . . (group 1/ | (group 1/ | of molar of bone membrane Setting | Country
publication| design | time used . closure measurement
(months) group 2) | group2) | teeth? substitutes used
Aimetti et al. [22] 2009  |Parallel 3 22/18 22/18 No MGCSH/nothing Alloplast None No/no University Italy Clinical
Azizi and Collagen University
1 2009  |Parallel 6 15/15 15/15 NR DBBM/nothing Xenograft & Yes/yes and private Iran Clinical
Moghaddam [23] /none .
practice
. Collagen . . ..
Barone et al. [24] 2008  |Parallel 7 20/20 20/20 No CCPB/nothing Xenograft /none Yes/yes University Italy Clinical
University
Barone et al. [25] 2014  |Parallel 3 30/29 32/32 Yes CCPB Xenograft |  Collagen No/no and private|  Italy Clinical
practice
100% FDBA
Borg et al. [26] 2015  |Parallel 5 20/20 20/20 No  |/70% cortical mineralized and| Allograft d-PTFE Yes/yes University| USA Clinical
30% cortical
Brownfield and DBM with cancellous bone | Allograft/ . .
Weltman [27] 2012  |Parallel 3 17 (total) 10/10 No chips/nothing nothing None No/no University| USA CBCT
Cardaropoli et al. 2014  |Parallel 4 41 (total) 24/24 Yes DBBM blended. with Xenograft/ Collagen/none No/no Prlvgte Italy Clinical
[28] collagen/nothing nothing practice
A - - S
Cook and Mealey 2013  |Parallel 5 22 23 No 90% 1norgame bovine + 10% Xenograft Collagen Yes/yes University| USA Clinical
[29] porcine collagen fibers
Eskowand Mealey | 5014 |paraiter] 5 32 (total) | 1517 No FDBA CO/FDBA CA | Allograft | Collagen No University|  USA Clinical
[30] allograft |(if dehiscence)
Fotek et al. [31] 2009 [Parallel] 4 8/10 8/10 No [Solven-preserved mineralized 05 | ApMYG-PTFE No University|  USA | Clinical
cancellous allograft
DBM putty with one size of Flap was reflected
bone particles/DBM putt Allograft/ Collagen only if a significant
Hoang et al. [32] 2012  |Parallel| 4 and 5 16/14 16/14 Yes ne partic , PUtty & membrane Y & University| USA Clinical
with two different sizes of | allograft | . . bony dehiscence
. (if dehiscence)
bone particles was detected
lasella et al. [33] 2003  |Parallel| 4 or6 12/12 12/12 No Tetracycline hy.drated FDBA Allog.raft/ Collagen/none Yes/yes University| USA Clinical
/nothing nothing
lorio-Siciliano et 2017  |Parallel 6 10/10 10/10 N/R Bovine-derived xgnograft Xenograft/ Collagen/none Yes/yes University|  Italy Clinical
al. [34] collagen/nothing nothing
Alloplast/
Jung et al. [35] 2013 [parallel] 6 |10/10/10/10[10/10/10/10]  No | B-TCP/DBBM-C/DBBM-C/| xenograft/ |None/collagen/ No University Switzerland| ~ CBCT
nothing xenograft/ | none/none
nothing
Split- . Xenograft/ . . .
Jung et al. [36] 2018 6 18 18/18 Yes DBBM-C/nothing f Collagen/none No University| China CBCT
mouth nothing
Lim et al. [37] 2017  |Parallel 4 26 26 No Collagenated bovine bone | Xenograft Collagen Yes University| Korea CBCT
Mardas et al. [38] 2010  |Parallel 8 13/14 13/14 No DBBM/bone ceramic iﬁ?:ﬁ;ﬁt/ Collagen Yes/yes University| England Clinical
Meloni et al. [39] 2015 [Parallel| 5 15/15 15/15 No DBBM Xenograft | None No ;25321 Italy, Spain| ~ CBCT
Xenograft/ L .
Nart et al. [40] 2017  |Parallel 5 21 (total) 11/11 No DBBM/DBBM-C xenograft Collagen No University| Spain CBCT
FDBA and collagen matrix Allograft/
Natto et al. [41] 2017  |Parallel 4 14/14 14/14 No seal/FDBA and collagen allograft None No University| USA CBCT
sponge g
. Xenograft . .
Pang et al. [42] 2014  |Parallel 6 15/15 15/15 Yes DBBM/nothing /nothing Collagen/none Yes/NR University| China CBCT
Demineralized bovine bone
Park et al. [43] 2016  |Parallel 4 14 14 Yes matrix mixed with 10% Xenograft | Collagen No University| Korea CBCT
collagen
Parashis et al. [44] 2016  |Parallel 4 23 23 No FDBA Allograft Collagen No University| USA Clinical
Poulias et al. [45] 2013 Parallel 4 12 12 No Mineralized, CA, particulate | Allograft | Polylactide Yes/yes University| USA Clinical
Sadeghi et al. [46] 2016  |Parallel| 4-6 10/10 10/10 No DFDBA/DBBM 1:2100%; raafg Collagen Yes University Iran Clinical
Toloue et al. [47] 2012 |Parallel 3 12 13 No Calcium sulfate Alloplast None No University| USA Clinical
Vance et al. [48] 2004  |Parallel 4 12 12 No DBBM Xenograft Collagen Yes University| USA Clinical
2.25 Collagen
Whetman et al. [49] 2016  |Parallel or ‘; 5 '_ 5 22/19 22/19 No DFDBA Allograft |(if dehiscence) Yes University| USA Clinical
Woodand Mealey | o415 |pyaliel] 5 1616 | 16116 | No DFDBA/FDBA Allograft/ | 1 oen No University| USA | Clinical
[50] allograft
Serrano Mendez Allograft/ . . . ..
2017  |Parallel 6 10/10 10/10 No DFDBA/DBBM Collagen Yes/yes University | Columbia Clinical
[51] xenograft
Fernandes et al. [52]| 2016 ril())lligl 6-8 16 16 No Mineralized bone graft Allograft ADM No University| Brazil NR
. Anorganic bone matrix with
Fernandes etal. [33)) 5 iﬂﬁ:h 6 18 18 No |synthetic cell-binding peptide| Alloplast |~ ADM No University| Brazil | Clinical
P-15
Split- Xenograft/ Soft cortical
Festa et al. [54] 2013 P 6 15/15 15/15 No CCPB/nothing & membrane/ Yes/yes University|  Italy Clinical
mouth nothing none
. split- | 6.9 (SD DBBM/nanocrystalline Xenograft/ L ..
Gholami et al. [55] 2012 mouth | 0.8) 12 14/14 No hydroxyapatite alloplast Collagen Yes/yes University Iran Clinical
. Demineralized freeze-dried Amnion- ..
Hassan et al. [56] 2017 Split- 3 9 11/11 No |bone/mineralized freeze-dried Allograft/ chorion/d- No/no University| USA Clinical and
mouth allograft CBCT
bone PTFE
Temmerman et al. Split- . . L .
[57] 2016 mouth 3 22 22 No Nothing Nothing None No University| Belgium CBCT
Calcium phosphosilicate putty| Alloplast/
Kotsakis et al. [58] 2014  |Parallel 5 10/8/6 12/12/6 Yes |alloplast/bovine bone mineral/| xenograft/ None No University| USA Clinical
nothing nothing
. . . .| Xenograft/ . . .
Guarnieri et al. [59] 2017  |Parallel 4 8/9 8/9 Yes |Porcine-derived bone/nothing nothing Collagen/none No/no University Italy Clinical
. Xenograft/
Barone et al. [60] 2017  |Parallel| 3 303030 | 30/30/30 | Yes | Collagenated CCPB/cortical |\ o g, | Collagen/ No/mo/no  |University|Italy, Spain|  Clinical
porcine bone/nothing nothing collagen/none
100% cortical FDBA/100% | Allograft/
Demetter et al. [61] 2017  |Parallel 5 58 (total) | 19/19/20 No CA/FDBA 50 - 50% cortico- | allograft/ d-PTFE No University| USA Clinical
cancellous FDBA allograft

N = number, d-PTFE = dense polytetrafluoroethylene; MGCSH = medical-grade calcium sulfate hemihydrate; DBM = demineralized bone matrix; DBBM = deproteinized bovine bone mineral; DBBM-C =
deproteinized bovine bone mineral with 10% collagen; CCPB = cortico-cancellous porcine bone; FDBA = freeze-dried bone allograft; NR = not reported; CBCT = cone-beam computed tomography.
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Table 3. Risk of bias assessment for the included randomized controlled trials (according The Cochrane Risk of Bias Tool for Randomized

Controlled Trials) [21]

Random . Blinding of | Blinding of | Incomplete . Overall
Study sequence Allocation participints outcongle outcoms data Selectl.ve Ot.her risk of

generation concealment and personnel | assessment | addresses reporting | bias bias
Aimetti et al. [22] Unclear Unclear Low Low Low Low Low High
Azizi and Moghaddam [23] Low Low Unclear High Low Low High High
Barone et al. [24] Low Unclear Unclear Low Low Low Low | Moderate
Barone et al. [25] Low Low Low Low Low Unclear | Low | Moderate
Borg et al. [26] Low Unclear Unclear Low Low Low Low | Moderate
Brownfield and Weltman [27] Low Low Low Unclear Low Low Low | Moderate
Cardaropoli et al. [28] Unclear Unclear Unclear Low Low Low Low High
Cook and Mealey [29] Low Unclear Unclear Unclear Low High Low High
Eskow and Mealey [30] Low Unclear Unclear Unclear High Low Low High
Fotek et al. [31] High High High Low High Low Low High
Hoang et al. [32] Low Unclear Unclear Unclear Low Low High High
lasella et al. [33] Low Unclear High Low Low Low Low High
Torio-Siciliano et al. [34] Low Low Low High Low Low Low | Moderate
Jung et al. [35] Low Low Unclear High Low Low High | Moderate
Jung et al. [36] Low Low Low Unclear Low Low Low | Moderate
Lim et al. [37] Low Low Low Low Low Low Low Low
Mardas et al. [38] Low Low Low Low Low Low Low Low
Meloni et al. [39] Low Unclear Low Low Low Low Low Low
Nart et al. [40] Low Low Low Unclear Low Low Low | Moderate
Natto et al. [41] Low Low Low Low Low Low Low Low
Pang et al. [42] Unclear Unclear Unclear High Low Low Low High
Park et al. [43] High High High High High Low Low High
Parashis et al. [44] Low Low Unclear Low Low Low Low | Moderate
Poulias et al. [45] Low Low Unclear Unclear High Low Low High
Sadeghi et al. [46] Low Low Unclear Unclear Low Low Low High
Toloue et al. [47] Low Low Unclear Unclear Unclear Low Low High
Vance et al. [48] Low Unclear Unclear Low High High Low High
Whetman et al. [49] Low Low Unclear Unclear Low Low Low | Moderate
Wood and Mealey [50] Unclear Unclear Low Low Low Low Low | Moderate
Serrano Mendez [51] Low Low Low Unclear Low Low Low | Moderate
Fernandes et al. [52] Low High Low Low Low Low Low | Moderate
Fernandes et al. [53] Low High High Low Low Low Low High
Festa et al. [54] Low Unclear Unclear Unclear Low Low Low High
Gholami et al. [55] Low Unclear Low Low Low Low Low | Moderate
Hassan et al. [56] Low Low Low Unclear Low Low Low | Moderate
Temmerman et al. [57] Low Low Unclear High Low Low Low High
Kotsakis et al. [58] Low Unclear Unclear Low Low Low High High
Guarnieri et al. [59] Low Low Unclear Low Low Low Low High
Barone et al. [60] Low Low Unclear High Low Low Low High
Demetter et al. [61] Low Low Unclear Unclear Low Low Low | Moderate

with the use of xenogeneic, allogeneic, and alloplastic
grafting materials, respectively. Additionally, the
results in this review also confirm, although based on
a limited sample of studies, that proximal sites of the
socket exhibited less vertical dimensional reduction,
compared to the mid-buccal and mid-lingual sites.
And similarly, the horizontal resorption seems to be
gradually minimized as the changes are evaluated
further apical from the crest.

The magnitude and dynamics of the alveolar ridge’s

http://www.ejomr.org/JOMR/archives/2019/3/e6/v10n3e6ht.htm

dimensional changes subsequent to tooth extraction
are dictated and influenced by a variety of systemic
and local factors, namely the extent of the traumatic
injury during extraction, socket morphology, the
presence of infection, smoking, the tooth type and
position, the presence of periodontal disease, the
hard and soft tissue phenotype, patient compliance,
and most importantly, the number and thickness of
the remaining intact socket walls. While this review
failed to analyse the effect of such variables due to
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insufficient data and/or significant heterogeneity
amongst the included studies, previous systematic
reviews and meta-analyses have demonstrated a
superior outcome in ridge preservation associated with
baseline buccal bone thickness greater than 1 mm [8].
In contrast, a recent RCT concluded that ARP only
influences the degree of ridge resorption at sites with
< 1 mm of buccal wall thickness [63].

The present investigation was able to analyse a
large number of studies grouping the results based
on the source of the bone substitutes used. While
this method of managing the available data and the
analysis of a large heterogenic sample present with
inherent limitations, the results revealed similar
trends across the included studies. As such, two
main conclusions can be drawn: (1) as previously
reported, ARP possesses the ability to diminish the
resorption process following tooth extraction and
(2) there are apparently only minimal differences
between the bone substitutes. These results are in
concordance with previous investigations reporting
similar clinical outcomes associated with ARP using
different bone substitutes [30,55,61]. Despite this,
there is a systematic review and meta-analysis that has
reported superior outcomes ascribed to xenogeneic
or allogeneic bone substitutes in combination with a
collagen sponge or membrane [8]. Despite minimal
differences between the Dbone substitutes, the
results of this review also favour both xenogeneic
and allogeneic grafting with slightly less resultant
resorption.

A primary limitation of the present investigation is the
inclusion of multiple different grafting techniques and
barrier membranes in the analysis. Another limitation
includes several local and systemic factors known to
play a role in the remodelling process that could not
be evaluated. Also, the variation between the time

points for evaluating the resorption process may have
played a significant role in the reported outcomes.
The weighted mean values of the different materials
should be read and considered with caution as no
statistical comparisons have been performed between
the different treatment groups of bone grafts.

Finally, it is important to bear in mind that while ARP
is most often performed in preparation for posterior
implant placement, implant-related outcomes are
often underreported in these investigations. As such,
future studies should evaluate outcomes such as the
feasibility of implant placement, the need for further
grafting, as well as the long-term implant survival
and success rates when placed into sockets previously
grafted with different materials. Similarly, patient-
reported outcomes have rarely been investigated with
regards to ARP.

CONCLUSIONS

Alveolar ridge preservation with the use of different
bone substitutes represents an effective method for
diminishing the physiological resorption process after
tooth extraction. Additionally, minimal differences
in resorption rate were observed between allogeneic,
xenogeneic and alloplastic grafting materials.
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