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Abstract. The aim of the present systematic review was to
compare three ridge augmentation procedures in order to assist
clinicians in finding the ideal surgical method relative to the
horizontal bone gain needed and the width of the alveolar
ridge available. An electronic and hand literature search was
performed in the online databases PubMed-Medline, Cochrane
Central Register of Controlled Trials, EMBASE, Cochrane
Oral Health Group Trials Register and Web of Science, and
various specialized journals, between January 2017 and
December 2022. The included studies were evaluated using
the Methodological Index for Non-randomized Studies score
and Cochrane's RoB tool. The primary variable studied in the
meta-analysis was the final bone gain. The implant survival
rate and initial ridge width were the secondary variables. Then
four studies on ridge expansion via osseodensification (OD),
seven on guided bone regeneration (GBR) and seven on the
ridge-split technique (RS) were included in the review; 17 out
of 18 were selected for meta-analysis. The mean horizontal
bone gain for OD was 2.151 mm [1.327-2.975 mm; 95% confi-
dence interval (CI)], for GBR was 4.036 mm (3.351-4.772 mm
95%CTI) and for RS was 3.661 mm (2.991-4.399 mm 95%CI).
The results were statistically significant (P=0.002). GBR
reported the most bone gain horizontally, followed closely by
RS and then OD. OD is a recent technique that should be taken
into account when discussing the protocols of horizontally
atrophied ridge rehabilitation.
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Introduction

Bone augmentation has taken different forms over time,
depending partly on the experience of the surgeon but
also on the available bone of the patient. Following tooth
extraction, bone resorption from the jawbone occurs within
12 months (1,2). Most of this resorption happens in the first
6 months, with the literature reporting loss of >40% of the
height and 60% of the thickness of the alveolar process during
this period (3-5). Horizontally, the size of the edentulous
ridge is reduced by 5-7 mm and implant insertion become
difficult (6). To compensate for this loss, various methods of
managing the remaining bone tissue and augmentation have
been proposed. Guided bone regeneration (GBR) with titanium
mesh, resorbable or non-resorbable membranes, the ridge-split
(RS) technique, addition of autologous onlay bone block
grafts, use of narrow implants and, lately, ridge expansion via
osseodensification (OD) are methods used to preserve and
enhance the available bone (7). The present review proposed
the evaluation and comparison of three horizontal ridge
augmentation techniques. Ridge expansion via OD, introduced
by Huwais in 2013 (8), allows bone density to be increased
by using specially designed burs to increase the primary
stability of implants and placing them in areas of low density
(D3, D4) (9). The force pushing the bone tissue, increasing its
density, creates a plastic deformation and causes expansion of
the alveolar process and an increase of the horizontal dimension
of the alveolar ridge (10). GBR uses bone particles of different
origin which, together with a resorbable or non-resorbable
membrane, promote the migration of osteoprogenitor cells
and bone tissue neoformation at the sites of bone defects (11).
The RS technique aims to increase the width of the alveolar
bone by using the viscoelastic properties of the medullary
bone in order to create space for the insertion of implants, the
remaining space being filled with biomaterials or bone grafts
of different origin (3). Considering the recent emergence of
ridge expansion via OD, reviews and meta-analyses related
to the ability of the technique to induce expansion of the
alveolar process horizontally have not been published thus
far, most studies addressing the technique with reference to
different variables related to the increase in bone density.
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A meta-analysis published in February 2021 (2) examined the
bone area fraction occupancy, the moment of force at implant
insertion and the primary stability of the implants reported
in various publications. Few studies present complete data on
the dimensions of the alveolar ridge in a horizontal direction
before treatment and the immediate postoperative bone gain.
Regarding the RS technique, a meta-analysis conducted in
2017 (3) identified data related to the horizontal dimensions
of the ridge before and after implant placement. Thus, as with
GBR, the survival rate of implants is >95%, and complications
are rare (7%) (4). A number of studies (12-15) have been
published related to bone gain and the choice of membrane
and graft for GBR, the literature concluding that titanium
mesh and autologous grafts have the highest predictability in
regenerating bone tissue from the defect (5). The ridge width
required to insert an implant represents the actual width of
the implants chosen according to different factors (of which
the location of the edentation and the available bone would
be among the most important) plus 3 mm equally divided in
the vestibular and oral areas relative to the location of the
implant (6). The present systematic review aimed to determine
the amount of the horizontal increase of the alveolar ridge
depending on the method (the primary variable), the basal
dimensions of the edentulous ridge for each technique and the
survival rate of implants inserted (secondary variables) and
other factors that may influence these results.

Materials and methods

PICO process design. The PICO question (population, inter-
vention, comparison, outcome) was formulated as follows:
‘How much does the horizontal dimension of the edentulous
ridge increase by use of different surgical methods?” The
population was represented by patients that require oral reha-
bilitation with dental implant surgery in areas with insufficient
horizontal bone, the intervention horizontal ridge augmenta-
tion and the comparison was made between the three surgical
techniques described, while the outcome is the amount of bone
gain following the ridge expansion or augmentation.

Search strategy. Selection of the articles was performed in
compliance with the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) model from the
following electronic databases: PubMed-Medline, Cochrane
Central Register of Controlled Trials, EMBASE, Cochrane
Oral Health Group Trials Register and Web of Science, and
from various publications and specialized journals (Journal of
Craniofacial Surgery, Compendium of Continuous Education
in Dentistry and International Journal of Dentistry) to iden-
tify articles from between January 2017 and June 2022.
The following keywords and MeSH terms (mh) were used
in the online search: ‘osseodensification” OR ‘Densah bur’
OR ‘Versah’ OR ‘bone densification’ OR ‘narrow ridge’ OR
‘guided bone regeneration’” OR ‘guided tissue regeneration’
OR ‘ridge-split’ OR ‘horizontal augmentation’ OR ‘split crest’
OR ‘bone split” OR ‘ridge expansion’ OR ‘bone condensation’
OR ‘horizontal expansion’ OR ‘bone graft’ (mh) AND ‘dental
implants’ (mh), ‘dental implantation’ NOT ‘animals’ (mh). The
terms used in the search were connected via AND, NOT and
OR Boolean operators.

Eligibility criteria. Studies were included in the present
systematic review if they met the following criteria: They
were prospective or retrospective, with or without a control,
and they present data related to lateral ridge augmentation by
one of the three techniques to be compared: Ridge expansion
via OD, GBR and RS. The articles were published between
January 2017 and December 2022. The 5-year period was
chosen due to the recent advent of the OD technique for which
the first clinical trials were published in PubMed-Medline
in the early 2018. On the other hand, studies that were not
published in English, those with <10 subjects, articles that did
not accurately present the edentulous ridge dimensions prior
to surgery or the increase of the post-intervention ridge dimen-
sions, studies that did not present the follow-up of the cases
of bone augmentation for =6 weeks following the insertion of
the implants and the types of graft (for GBR or RS), prelimi-
nary studies, surgical guidelines, animal studies, reviews and
records that do not report sufficient data on the methodology
used were eliminated. From the studies included in the present
review, the following data were selected: Number of patients,
number of implants, location of inserted implants, bone
augmentation technique, survival rate of the implants, moment
of force at the insertion of the implants, primary stability and,
in particular, dimensions of the edentulous ridge at the begin-
ning of the treatment and the difference between the initial
and final width.

Reviewers. The present review was conducted by two reviewers
(AV and SD), following the PRISMA and Strengthening the
reporting of observational studies in epidemiology (STROBE)
guidelines. The searches were conducted electronically and
manually, being verified by three individuals (AV, SD and AP)
and EndNote X9 software was used for the organization of
references and the elimination of the duplicates and the studies
published before 2017.

Analysis of the quality of studies. Non-randomized studies were
evaluated using the Methodological Index for Non-randomized
Studies (MINORS) modified by Slim et al (16). This method
of assessing the quality of studies requires the allocation of
scores between 0-24 for controlled studies and between 0-6
for those without a control by completing an evaluation report
composed of 12 questions; the answer to each of them was
quantified as 0, 1 or 2 points. This assessment has been proposed
for the evaluation of studies related to surgical techniques and
can be applied to prospective, retrospective, non-randomized,
controlled or uncontrolled studies. Through this system, the
following parameters are taken into account: Clarity of the
study objective, inclusion of all available patients, rigor of data
collection, conclusion in accordance with the study objective,
lack of subjectivity in determining the conclusions, observation
of cases in relation to the study objective, <5% of patients lost
after the initial intervention and statistical analysis performed
correctly, with a confidence interval (CI) of 95%. In the case of
prospective randomized and controlled studies, the Cochrane
Collaboration's Tool for Assessing the Risk of Bias in
Randomized Trials (CCRBT) (17) was used, consisting of six
evaluation criteria: Random sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
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reporting and other bias. Depending on these parameters, the
study would have a high, medium or low risk of bias.

Statistical analysis. The program used to perform the statis-
tical calculations was Comprehensive Meta-Analysis V3
(Biostat). The main variables used in the meta-analysis were
the reported bone horizontal increase of the alveolar ridge,
while the initial ridge size and the implant survival rate were
considered secondary variables. Bone size statistics were
compiled by reference to the number of patients and survival
rate calculated relative to the number of implants. The means
reported in 17 out of 18 articles and their standard deviations
for bone sizes were used, and the survival of the implants was
considered as percentage. The final bone gain, mean of the
initial ridge width and the survival rate of the implants were
assessed using a random effect model. If the study had a control
group in which patients benefited from the same method of
increasing the horizontal size of the ridge or a comparison was
included in their design with respect to the factors on which
that technique depends (e.g. type of membrane in the case of
GBR) with regard to two or more different groups as a popula-
tion, the respective study was divided according to the number
of groups, each of which was considered an independent study
in the meta-analysis. In the cases where several horizontal
dimensions were recorded depending on the measurement
method, first, the means of the clinical dimensions comprising
the entire proposed sample were taken into account and,
second, those measured with the bone calipers were preferred.
Moreover, if measurements were made at several points rela-
tive to the vertical height of the bone (e.g., 1 or 4 mm from the
top of the ridge), the smallest dimension was taken into account
in the case of the initial width of the ridge, and the largest in
the case of the final bone gain (3). Otherwise, only values that
were recorded at a maximum of 5 mm from the top of the
ridge were accepted for statistical analysis, but all the values
recorded by the authors appear in the table in the results part
of the systematic review. The meta-regression was achieved
by reference to the augmentation technique (moderator factor)
and to the type of bone graft. This meta-analysis intended
to determine a statistically significant dependence between
surgical techniques and the final bone gain or the initial ridge
dimension. Regarding the bone substitute, an analysis was
performed related to the increase in horizontal size and the
type of bone graft used, which is the secondary moderator
factor in this case. The statistical calculation was based on
the inverse-variance method proposed by DerSimonian and
Laird and the method of moments proposed by Pearson
which approximates the variation between the studies and the
distribution of the studied population.

Heterogeneity study. The value of the statistical indices I?,
Q and t* was calculated; these assess the variance between
the studies and the degree of heterogeneity. To assess the risk
of bias, funnel plots and Egger's regression test were used for
the initial size and the increase in the size of the ridge, where
the P-value for which statistical significance was reported
was 0.05. The strategies used for dealing with a high degree
of heterogeneity were: Usage of a random-effects model,
subgroup analysis and meta-regression. High heterogeneity is
very often reported in the studies that take into account the
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precise amount of bone gain (3,7,11,18,19), different factors
such as the various approaches regarding the ridge rehabili-
tation (including type of bone graft used, type of membrane
used, patients' illnesses and comorbidities and the timing of
implant placement) or the parameters of the included studies
can render the exact sources of heterogeneity very difficult
to identify.

Results

Selection of studies. The initial search resulted in the iden-
tification of 2,205 studies, 121 of which were duplicates.
After reading the titles and abstracts, 516 publications were
selected. Of these, 77 studies were further evaluated, with
the remaining 439 not meeting the set inclusion criteria. For
studies that appeared to meet the criteria or those for which it
was not possible to obtain sufficient data after reading the titles
and abstracts, the entire article was evaluated. In the case of
studies where certain data not considered under the eligibility
criteria were missing (e.g. number of implants), the authors of
these studies were contacted to obtain them. Discrepancies
between the authors of the present review were managed
through discussions and consultation, the agreement between
the authors being materialized by a kappa coefficient (Cohen)
of 0.96, which indicates a high degree of consensus between
them. Finally, 18 studies were included in this review (Fig. 1),
17 of them being considered for the meta-analysis. The article
that was included in the review, but not in the meta-analysis,
did not specify the number of implants inserted, having
also a much larger sample compared to the other studies
selected (562). For the calculations related to the initial size of
edentulous ridges and the difference between their final and
initial widths, all 17 studies were included; however, only 16
were used for the implant survival rate.

Characteristics of the selected studies. The data collected from
the included studies are presented in Table I. The 18 studies
were divided as follows: Four studies on ridge expansion using
Densah burs (20-23), seven studies on the RS technique (24-30)
and seven studies on GBR (31-37). Complications and acci-
dents were reported in eight studies (26,27,30-35) related to
GBR and the RS technique. In five studies (31-35) on GBR, the
most common complication was dehiscence with exposure of
the membrane. This exposure did not always lead to the failure
of the technique being, however, one of the reasons why GBR
does not have the maximum success rate. The prevalence of
membrane exposure in reported cases was 20%, a percentage
relative to the number of patients. Other complications
related to GBR were oedema (9.52%), hematoma (3.8%) and
peri-implant mucositis (0.9%). In the three studies (26,27,30)
where the RS technique was practiced, dehiscence in the
augmented area was the most common complication (12.3%),
followed by local paresthesia (7.69%) and oedema (6.15%).

Evaluation of studies. The present review included 18 studies
divided as follows: Six non-randomized retrospective trials
without a control group, six prospective non-randomized
trials without a control group and six prospective random-
ized controlled trials. Evaluation of the 12 uncontrolled
non-randomized trials was performed using the modified
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Final bone gain: 17
Implant survival rate: 16
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Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses flowchart of the screening process. OD, osseodensification; GBR, guided bone

regeneration; RS, ridge-split technique.

MINORS score for comparative or single interventional
trials (Table II), and the six randomized controlled trials
were assessed using the CCRBT tool (Table III). Thus, in the
case of non-randomized trials, the mean MINORS score for
comparative trials was 17 out of 24, and in the case of trials
composed of a single intervention group it was 12.44. The
trials had clear aims and drew relevant conclusions, despite
the fact that sampling and statistical analysis should have been
more refined. It was concluded, therefore, that non-randomized

studies were credible sources of scientific information and
could be included in the present systematic review. Evaluation
of randomized controlled studies determined the risk of bias in
these studies, three of which (60%) were evaluated as posing a
low risk of bias and two (40%) a medium risk of bias. In rela-
tion to the dimensional increase of the pre- and postoperative
ridge, the Egger's single-sample test was conducted in order to
determine the spread of the data at the levels of the entire study
set presenting a high risk of bias (P=0.006). However, it was
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Table III. Randomized controlled studies assessment via the RoB tool (Cochrane Collaboration's Tool for Assessing the Risk of Bias in Randomized Trials).

Blinding of

Blinding of
participants and

Random
sequence

Incomplete Selective

outcome data

outcome
assessment

Allocation

(Refs)

Conclusion

Other bias

reporting

personnel

concealment

generation

First author/s, year

(32)
(34)
(37)
(28)

Moderate risk
Low risk

Halperin et al, 2018

Mendoza et al, 2019
Isik et al, 2021

Low risk

Low risk

Kheur et al, 2017

(29)
(30)

Moderate risk
Low risk

Mahmoud et al, 2020
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Elamrousy et al, 2021

considered that this occurs, in large part, because of the differ-
ences between the augmentation techniques applied at the
level of the studies. For this reason, the 17 studies included in
the meta-analysis were divided into three subgroups for which
funnel plots were computed (Figs. 2-4). The study sample
exhibited symmetry in regard to the median of the funnel plots
in every figure. While the large number of studies situated
outside the funnel can be a sign of bias, the Egger's test results
determined statistically insignificant P-values (GBR: 0.35;
RS: 0.4; OD: 0.23), that disprove the presence of bias. After
conducting the Egger test on the values of the initial crest size,
a statistically insignificant P-value of 0.35 was obtained, the
funnel plot being represented in Fig. 5, the risk of bias being
considered low.

Meta-analysis between study subgroups. The 17 articles were
divided, relative to the groups the authors compared, into
21 independent studies. The means from the two groups of
the study published by Koutouzis et al (20) were separated
into two studies, excluding the group treating patients with
crest sizes between 7 and 8 mm. The studies published by
Kheur et al (28), Isik et al (37) and Elamrousy et al (30)
were also divided into two separate and independent studies.
From the studies showing a comparison between one of the
three techniques and the addition of autogenous bone block,
only those in which bone augmentation was performed by
RS, GBR or ridge expansion via OD were selected. Thus, in
total, 21 studies were analyzed, comprising 336 patients and
665 implants. These were divided as follows: Five studies on
ridge expansion via OD, eight on GBR and eight on the RS
technique. The division according to the number of patients
and implants was made as follows: 73 patients and 93 implants
for ridge expansion via OD, 149 patients and 334 implants for
GBR and 105 patients and 229 implants for the RS technique.

Statistical analysis of the final bone gain

Heterogeneity and dispersion relative to the final bone gain.
The variation in studies relative to the horizontal bone gain
and calculated based on the determination of the statistical
index I? showed a heterogeneity of 94.6%, this value indicating
a dataset with an increased variability. This heterogeneity was
based on the clinical factor, the difference between interven-
tions, participants and results. The division of the studies into
three subgroups according to the augmentation method used
was not sufficient to eliminate the variability between the
data sets in the case of GBR and the RS technique (Table IV).
Considering these results, a scatterplot was made using a
random effects model (Fig. 6). Each circle represents the effect
size of each included study using the random effects model.
The highlighted line represents the median of all the pooled
studies, while the first lines under and over delineate the CI
(95%). This representation used the categorical moderator
factor represented by the surgical technique. In the case of
ridge expansion via OD, a portion of the study data published
by Koutouzis et al (20) exceed the confidence interval. In
the case of the RS technique, the studies by Gurler et al (26)
and Agabiti et al (24) show on average the lowest bone gain,
well below the subgroup average and outside the confidence
interval. On the other hand, the test group of the study by
Elamrousy et al (30) presents the most bone growth, its limit
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Figure 2. Funnel plot of the studies on osseodensification technique.
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Figure 3. Funnel plot of the studies on ridge-split technique.

reaching the upper limit of the prediction interval. The GBR
group can be divided into two parts in terms of dimensional
growth. By applying the heterogeneity test for these groups
separately, the I* index value is 0% for both of the studied
groups (maximum homogeneity; Table V).

Means, confidence intervals and comparison between
procedures. The mean bone gain with regard to the GBR

0.0
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Standard error
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Figure 4. Funnel plot of the studies on guided bone regeneration.
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Figure 5. Funnel plot of all the included studies in regard to the initial ridge
width.

studies was 4.036 mm (3.351-4.772 mm 95%CI). Breaking
the GBR group of studies into two parts in terms of hetero-
geneity, the means were 2.504 mm (2.189-2.818 mm 95%CI)
and 4.990 mm (3.98-5.993 mm 95%CI). The mean bone gain
for the RS studies was 3.661 mm (2.991-4.330 mm 95%CI).



Table I'V. Heterogeneity analysis of the final bone gain.
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Table V. Heterogeneity analysis of the final bone gain in the

guided bone regeneration studies.

Number

Subgroup  of studies Q 7 2 P-value  First author/s, year (Refs)

OD 5 19.02 0432 78.75 >0.001 Isik et al, 2021 Q=2714 T1%0% P=0438 37

GBR 8 6935 2536 89.85% >0.001 Halperin et al, 2019 (32)

RS 8 54.7 0.697 87.03% >0.001 Zhang et al, 2019 (35)

OD, osseodensification; GBR, guided bone regeneration; RS, ridge- Gultekin et al, 2017 Q=1.664 0% P=0.645 (31

split technique. Meloni et al, 2019 (33)
Mendoza et al, 2019 (34)
Valladao et al, 2020 36)

Regression of mean of the final bone gain

& Sk @
= (=] o=
o o o
1 1 1

300 d==t

Mean of the final bone gain

2004 =7

1.00 ~

0.00

GBR oD RS
Surgical procedure

Figure 6. Scatterplot of the final bone gain in relation to the surgical proce-
dure. Each circle represents the effect size of each included study using the
random effects model. The highlighted line represents the median of all the
pooled studies, while the first lines under and over delineate the 95%CI. CI,
confidence interval.

The studies on ridge expansion via OD reported a bone gain
mean of 2.151 mm (1.327-2.975 mm 95%CI). The global
mean across the study group was 3.305 mm (2.211-4.399 mm
95%CI; Fig. 7). The null hypothesis is the following: There is
no difference between bone gains depending on the surgical
procedure used. The Cochran's heterogeneity test based on
analysis of variance (ANOVA) showed statistical significance
(P=0.002), contradicting the null hypothesis. Comparing
each of the two subgroups separately from each other results
in the following P-values: GBR vs. ridge expansion via OD
(P=0.001), GBR vs. RS (P=0.09) and RS vs. ridge expansion
via OD (P=0.004).

Statistical analysis of the initial ridge size

Heterogeneity and dispersion of studies for the initial crest
width. The calculated values of the statistical indices Q
(418.02), I? (95.69%) and t* (0.3765) highlight a very signifi-
cant heterogeneity across the entire set of studies. One of the
causes considered for this heterogeneity is represented by the
correlation between the surgical technique and the horizontal
diameter of the edentulous ridges to which they were applied.
Under these conditions, the values were recalculated by

dividing the studies into three subgroups determined by the
augmentation technique. The values of the statistical indices
are represented in Table VI. However, the heterogeneity did not
decrease considerably; I index values remaining well >50%,
a number of factors causing heterogeneity depending on the
choice of a certain initial crest size. The most important of
these is that these techniques can be applied for a very large
range of dimensions. Valladdo et al (36) published in their
study an average of 5.3 mm for the application of GBR, and
Mendoza et al (34) reported 3 mm. This is also true for the
RS technique, but less so for ridge expansion via OD, as seen
from the table of heterogeneities. A scatterplot was devised
using the augmentation technique (categorical variable) as a
moderator factor, in order to observe the limits of the initial
size of the ridge within the study set proposed in this review
(Fig. 8). The meta-regression used the random effect model.
The confidence interval for GBR does not include the published
study by Valladao er al (36) and the study published by
Zhang et al (35) appears at the upper limits of the initial crest
width augmented by GBR. The lower limit is represented by
the studies written by Mendoza et al (34) and Meloni et al (33),
the projection of a portion of the data collected from these
studies entering the prediction interval and not the confidence
one. In studies presenting data on the RS technique, the upper
limit was represented by the studies of Agabiti er al (24)
and Elamrousy et al (30), and the lower limit is determined
by the studies of Jamil er al (27) and Albanese et al (25),
the projection of the study performed by Jamil et al (27)
having a region outside the prediction range. Regarding ridge
expansion via OD, the study of Koutouzis et al (20), divided
into independent groups, delineates the prediction intervals.
Heterogeneity arises largely because of the data generated
from these studies.

Means, confidence intervals and comparison between tech-
niques. By applying the random effects model, the average
size of the edentulous ridge was determined in relation to
all the studies included in the review and grouped into OD,
GBR and RS subgroups (Fig. 9). The mean baseline ridge
diameter across the entire study group was 3.875 mm with a
95%CI between 3.325 and 4.426 mm. For the studies on ridge
expansion via OD, the aggregate mean of the studies was
4.373 mm with a 95%CI between 3.828 and 4.917 mm. GBR
was applied in the case of an average width ridge of 3.873 mm
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Study name Statistics for each study

Standard Lower
Mean error limit

Gultekin (2017) 53310 0.268 4.784
Halperin (2018) 2270 0319 1.644
Isik (2020) 2.590 0.340 1.924
Isik (2020) 2490 0239 2.021
Meloni (2019) 3.030 0.438 4132
Mendoza (2019) 3.600 0.302 5.008
Valladao (2020) 5.900 0384 5.147
Zhang (2019) 3.100 0.579 1.965
GBR 4.036 0.350 3.351
Agha (2019) 2330 0.143 2.070
Jarikian (2021) 2.360 0.093 2177
Koutouzis (2019)  2.830 02249 2341
Koutouzis (2019)  1.950 0.323 1316
Salman (2022) 1.290 0.085 1122
oD 2.151 0.420 1327
Agabiti (2017) 2.700 0233 2.204
Albanese (2017) 3.250 0.439 2.351
Elamrousy (2021)  3.610 0.127 3.362
Elamrousy (2021)  6.420 0416 5.604
Gurler 2017) 2.090 0313 1477
Jamil (2017) 4.240 0337 3.579
Kheur (2017) 3.192 0.203 2.793
Kheur (2017) 4.000 0.182 3.644
RS 3.661 0342 2,991
Overall 3.305 0338 2211

Mean and 95% CI

Upper

limit
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5.928
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Figure 7. Forest plot of the final bone gain. CI, confidence interval.

with a 95%CI between 3.418 and 4.327 mm, and for RS, the
mean is 3.433 mm, and the 95%CI was between 2.995 and
3.872 mm. The null hypothesis of this portion of the statistical
analysis was as follows: There is no difference in the initial
ridge size depending on the technique used. The comparison
of the three subgroups with a Cochran heterogeneity test based
on the analysis of variance (ANOVA) reports a statistically
significant P-value of 0.03, thus contradicting the null hypoth-
esis. However, the comparison of each of the two subgroups
separately from each other results in the following P-values:
GBR vs. ridge expansion via OD (P=0.08), GBR vs. RS
(P=0.18) and RS vs. ridge expansion via OD (P=0.001).

Survival rate of implants. The survival rate of implants was
very high, regardless of the technique used. The current selec-
tion of studies had a mean survival rate of 99.1%. The six GBR
studies that reported these data had a mean of 99.7%, the six
studies on RS had a mean of 98.7% and for the four studies on
ridge expansion via OD it was 98% (Fig. 10). The differences
were not statistically relevant.

Bone gainin relation to graft type. The graft type was used as a
moderating factor in the statistical analysis. Two studies (20,23)
were excluded from this analysis for not providing accurate
data on the number of patients or interventions requiring
grafting. The bone grafts were divided as follows:

—

N-no use of bone substitute reported

2. Aug-autologous bone or mixture (autogenous graft and
xenogeneic bone or autogenous bone and alloplastic
material)

Alg-allogeneic bone

Alp-synthetic material

5. X-xenogeneic graft

> w

Dispersion of studies related to the type of bone graft. A scatter
plot is shown in Fig. 11 with the following characteristics:

i) In the subgroup using animal bone grafts, the study
published by Mendoza et al (34) reported the most impor-
tant bone gain outside the confidence interval.

ii) On average, the subgroup that did not use bone grafts at
all showed the least horizontal bone gain followed by the
mean of the subgroup of allogeneic bone grafts and the
mean of the subgroup of xenogeneic bone grafts.

iii) The autologous bone subgroup reports the largest
difference in initial and final width.

iv) The subgroups of allogeneic grafts and synthetic materials
will not be considered in the statistical comparison.

v) Thetest group in the study published by Elamrousy ez al (30)
presented the most bone gain, part of the data reported
being located outside the CI, and the control group is
placed in the area with the least final bone gain reported.
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Table VI. Heterogeneity analysis for the initial ridge width.

Number
Subgroup  of studies Q 7 I? P-value
OD 5 1094 004  72.56% 0.01
GBR 8 44185 0236 74.11% >0.001
RS 8 59.83 033 89.97% >0.001

OD, osseodensification; GBR, guided bone regeneration; RS,
ridge-split technique.

Regression of mean of the initial ridge width on surgical procedure
6.00

5.50 -
5.00 -
450 -
4.00 =" { !
350 -

3.00 4

Mean of the initial ridge width

2.50 4

2.00 4

1.50

oD GBR RS
Surgical procedure

Figure 8. Scatterplot representing the initial ridge width in relation to the
surgical procedure. Each circle represents the effect size of each included
study using the random effects model. The highlighted line represents the
median of all the pooled studies, while the first lines under and over delin-
eate the 95% confidence interval. OD, osseodensification; GBR, guided bone
regeneration; RS, ridge-split technique.

vi) Within the subgroup of xenogeneic bone grafts, the
study published by Gurler et al (26) reported the lowest
dispersion within the study set.

Means and ClIs. For the studies describing bone augmenta-
tions performed with xenografts, autologous bone or using no
grafting, means and CIs were calculated (Fig. 12). Studies that
did not report the use of any bone graft had a mean difference
in baseline and endpoint of 2.465 mm with a 95%CI between
1.453 and 3.478 mm. Studies in which the autologous crest is
augmented reported a mean of 4.981 mm with a 95%CI between
4.234 and 5.729 mm. The mean bone gain using xenogeneic
grafts is 3.177 mm with a 95%CI between 2.345 and 4.008 mm.
In the case of subgroups of allogeneic grafts and synthetic
materials, the means are 2.731 mm (1.400-4.063 mm 95%CI)
and 3.694 mm (2.419-4.968 mm 95%CI), respectively. These
studies were not included in the comparison between subgroups.
In the null hypothesis, there are no differences in bone gain
depending on the type of graft. The P-value recorded is <0.001,
and the separate comparisons showed the following: autologous
bone vs. no graft (P<0.001), autologous bone vs. xenogeneic
bone (P=0.014), no graft vs. xenogeneic bone (P=0.248).
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Discussion

While there are a number of studies regarding the long term
clinically relevant results of RS and GBR (i.e., final bone
gain, resorption and recorded secondary stability), the OD
technique is not as well documented in a way that can provide
long term data so that a proper conclusion regarding the ideal
surgical technique could be drawn. A published meta-analysis
on the augmentation of horizontal ridge defects (2014) identi-
fied an increase in ridge width of 3.31 mm (38). This result is
similar to the outcome of the present study, in which a bone
gain of 3.3 mm (2.211-4.33 mm 95%CI) was identified. A
systematic review conducted in 2018 (19) reported bone gain
values through bone regeneration guided by 2.27+1.68 mm.
The present review included studies published from 1997 to
2014. In the present study, the mean bone gain for studies using
GBR was much higher at 4.036 mm (3.351-4.772 mm 95%CI).
However, the 2018 meta-analysis only considered studies
using a xenogeneic bone substitute. The mean bone gain in
the xenogeneic graft studies included in this meta-analysis was
3.454 mm (2.134-4.744 mm 95%CI). Another meta-analysis
published in 2015 (39) showed comparable results, a mean of
3.9 mm (3.52-4.28 mm 95%CI), but this includes the onlay
block technique. Another systematic review published in
2018 (7) showed 2.59+0.29 mm (standard error) horizontal
bone gain following GBR. More recent meta-analyses have not
been identified. Studies using different means of improving
the efficiency of GBR (PREF, titanium membrane, autogenous
bone mixture and xenogeneic bone) report means greater
than 4 mm. It should be taken into account that most of the
studies included in these reviews and meta-analyses use GBR
as a way to restore various small or medium post-extraction
defects, unlike the studies in this meta-analysis which aimed
at the concrete dimensional growth of the edentulous ridge.
The shortcomings of the current study (high heterogeneity,
short period of time of the study), but also the lack of recent
systematized data (meta-analyses) related to this technique,
determine the difference between the mean of the current
study and those published for the time being in the literature.

Regarding the RS technique, a meta-analysis from
2015 (18) estimated a mean of the final difference at the level
of the ridge of 3.19 mm (2.19-4.2 mm; 95%CI), comparable to
the current study. The most recent meta-analysis in 2017 (3)
noted a horizontal increase of 3.61 mm, agreeing with the data
from the present study.

Meta-analyses that determine a mean of horizontal bone
gain through ridge expansion via OD have not been published
to date. In the present analysis, however, ridge expansion
via OD determined results comparable to the lower portion
(in terms of increasing horizontal size) of the included studies
of RS and GBR.

The current review did not consider the combination of the
techniques discussed. A single included study, Jamil er al (27),
performed the RS technique together with GBR in certain
treated cases, but this was not included in the analysis, due to
the uniqueness of the phenomenon within the set of studies, but
also to facilitate the subsequent statistical assessment. Studies
combining ridge expansion via OD with GBR or RS with ridge
expansion via OD have not been identified as such, but the
studies published by Koutouzis et al (20) and Salman et al (23)
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Figure 9. Forest plot of the initial width of the edentulous ridge. CI, confidence interval.

Study name Statistics for each study
Standard Lower
Mean error limit

Gultekin 2017) 3.290 0.190 2918
Halperin (2018)  3.840 0.236 3.377
Isik (2020) 4250 0.058 4.136
Isik (2020) 4.330 0.063 4.207
Meloni (2019) 3.070 0.151 2.774
Mendoza (2019) 3.000 0.098 2.807
Zhang (2019) 4.880 0.560 3.782
Valladao (2020) 5.300 0.538 4.246
GBR 3.873 0232 3418
Agha (2019) 4370 0.130 4116
Jarikian (2021)  4.500 0.151 4.205
Koutouzis (2019) 3.550 0.174 3.209
Koutouzis (2019) 3.370 0.124 5.127
Salman (2022) 4.040 0.146 3.754
oD 4.375 0278 3.828
Agabiti 2017)  4.100 0.158 3.790
Albanese (2017) 2.750 0.345 2.074
Elamrousy (2021) 4.050 0.160 3.737
Elamrousy (2021) 3.720 0.181 3.365
Gurler (2017) 3.450 0.061 3.331
Jamil (2017) 2.280 0.130 1.986
Kheur (2017) 3.500 0.201 3.106
Kheur (2017) 3.500 0.193 3.123
RS 3.433 0224 2.995
Overall 3.875 0281 334

Study name Statistics for each study Mean and 95% CI

Mean Total

Agabiti (2017) 1.000 15

Agha (2019) 1.000 20

Albanese (2017) 0978 45

Elamrousy (2021) 1.000 30

Gultekin (2017) 1.000 73

Gurler 2017) 0.939 33 ]

Isik (2021) 1.000 o8

Jamil (2017) 1.000 57

Jarikian (2021) 1.000 14

Kheur (2017) 1.000 42

Koutouzis (2019) 0928 28 ul

Meloni (2019) 1.000 35

Mendoza (2019) 1.000 34

Salman (2022) 1.000 40

Valladao (2020) 1.000 25

Zhang (2019) 0.938 16 L]

Overall 0.991 637

0.00 0.50 Lo

Figure 10. Forest plot of the implant survival rate. CI, confidence interval.

used bone substitute to augment the vestibular area of the
implant insertion site under the conditions recommended by
the inventors of the Versah burs and the ridge expansion via OD
technique (vestibular cortical bone <2 mm). The combination
of techniques is, according to the authors, a research direction
that should be considered.

A very high degree of variability in the data from the
studies on GBR was observed; also evident is the overlap of
the two techniques (GBR and RS) in terms of available bone

Regression of mean of the final bone gain on bone graft

8.00
7.00 A
6.00 A

5.00 A —

8 =

4.00

3.00

Mean of the final bone gain

2.00

1.00

0.00
N Alg Alp Aug X

Bone graft

Figure 11. Scatterplot of final bone gain depending on the type of bone graft.
Each circle represents the effect size of each included study using the random
effects model. The highlighted line represents the median of all the pooled
studies, while the first lines under and over delineate the 95% confidence
interval.

and its horizontal growth rate, the statistical analysis deter-
mining P-values higher than the statistical relevance threshold.

However, there is a clear delimitation between the dimen-
sions of the edentulous ridges to which ridge expansion via
OD can be applied, but also the bone gain that can be expected
from this technique. It should be taken into account that the
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Group by Study name Subgroup Statistics for each study Mean and 95% CI

Tl Mean  Sandad  Lower  Uoper
Alg Albanese 2017) RS 10 3.250 0.4359 2351 4,149 —E+
Alg Halperin (2018) GBR 28 2270 0.319 1.644 2.896 —-
Ale 2731 0.679 1.400 4.063 e
Alp Jamil (2017) RS 26 4240 0.337 3.579 4.901 HB—
Alp Kheur (2017) RS 1 3.192 0.203 2.793 3.591 -
Alp 3.694 0.650 2419 4968 T
Aug Elamrousy (2021) RS 1 3610 0.127 3.362 3.858
Aug Elamrousy (2021) RS 1 6.420 0.416 5.604 7.236 —_——
Aug Kheur (2017) RS 12 4.000 0.182 3.644 4336
Aug Gultekin (2017) GBR 21 5.310 0268 4784 5.836 ——
Aug Meloni (2019) GBR 2 5.030 0.458 4132 5928 ——
Aug Valladao (2020) GBR 39 5.900 0.384 5.147 6.653 e
Aug 4981 0.381 4234 5.729 .
N Agabiti (2017) RS 10 2.700 0.253 2204 3.196 -
N Agha (2019) oD 20 2.350 0.143 2.070 2.630 =
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X 3.177 0.424 2345 4.008
Overall 3.443 0.552 2.363 4527 z-

0.00 3.75 7.50

Figure 12. Forest plot of final bone gain in relation to the bone graft used. CI, confidence interval.

main indication of ridge expansion via OD is a jawbone with
low density, not narrow edentulous ridges. The OD technique
used in order expand the ridge horizontally is dependent on the
amount of basal bone (located at 5-10 mm from the top of the
edentulous ridges), an aspect that was not taken into account in
the present study, being highlighted only in one of the included
publications. The literature has the following minimum hori-
zontal dimensions where the use of different procedures are
indicated: 3 mm for GBR (40) and 2.5-3 mm for RS (41,42),
although this seems a rather arbitrary condition, as, in clinical
work, surgical options are selected by assessing a number
of other variables related to the basal bone mass including
density, patient anatomy and practitioner experience. While
the current review does not take into account every possible
factor, it however reflects the minimum horizontal dimension
indications, bringing new information on the applicability of
ridge expansion via OD to horizontal ridge defects.

Although not as effective in terms of the horizontal growth
of the edentulous ridge, ridge expansion via OD excels in
its ease of application and predictability. The application of
RS and GBR is highly dependent on the skill of the practi-
tioner and the management of complications and accidents.
Dehiscence and membrane exposure or bad splitting are
common incidents that jeopardize the success of lateral ridge
augmentation. However, implant survival rates are comparable
for all augmentation methods.

Relative to the type of bone substitute, the superiority of
autologous bone is further observed in the case of the analyzed
techniques (GBR and RS), the onlay block bone graft technique
not being included in the present study. Statistical analysis by
graft has been carried out as a guide only; the present study
was not intended to identify significant results in this respect.

The present review has some limitations. First of all, the
studies included in this analysis are not ideal, as they are not,
entirely, randomized controlled studies. Some included studies
present the results of different demonstrations of changes in
the techniques of augmentation itself, making them sensitive
to arisk of bias increase. Second, the number of studies related
to each technique is not similar, there being a rather large
discrepancy between the samples identified for each method,
ridge expansion via OD being a relatively recent procedure
with few published studies as of yet. Third, the authors have
not identified studies that consider the initial width of the ridge
as a statistical variable, so the analysis and results from this
data should be interpreted with caution.

As aforementioned, there are a number of factors on which
the choice of these ways of horizontal bone augmentation
depends, the current meta-analysis taking into account a very
limited number of them. In the future, it will be necessary to
correlate these factors in a more complex statistical model by
analyzing the data of more homogeneous set of studies (from
a clinical and methodological point of view) in order to obtain
the most accurate results and to devise protocols that eliminate
as much as possible the uncertainty in the treatment of cases of
horizontal atrophy of edentulous ridges.

Taking into account the shortcomings of this investigation,
the final conclusions are as follows: i) Among the techniques
discussed, GBR reports the most bone gain, followed closely
by the RS technique and then ridge expansion via OD, ii) the
RS technique is applied to ridges with the smallest initial size,
GBR and ridge expansion via OD requiring a thicker alveolar
ridge iii) implant survival rate is very high for all the augmen-
tation procedures and iv) ridge expansion via OD with Versah
burs is a technique that must be considered when discussing
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lateral ridge augmentation. The results are not as impressive
as in the case of GBR or RS, but its predictability and ease of
application are preferable factors for clinicians.
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