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Abstract

Purpose To assess the body of evidence of short versus regular implants after bone augmentation (BA) in the
atrophic posterior mandible in the context of implant treatment success outcomes.

Methods Seven databases, two registries, and reference lists were searched for systematic reviews and meta-analysis
(SR/MA), randomized controlled trials (RCTs) and longitudinal studies published in English, Spanish or German since
2012. Confidence in the SR/MA methodology was evaluated using AMSTAR-2 and the risk of bias of primary studies
using Cochrane’s RoB 2.0 and ROBINS-I. A random-effects meta-analysis and a meta-regression were performed for
continuous and dichotomous outcomes. GRADE approach was used to assess the certainty of the evidence.

Results Eighteen SRs/MAs, most of them “critically low” and “low” confidence with substantial overlap, included 14
relevant RCTs with a high risk of bias. A cohort study with moderate risk of bias was added. Quantitative synthesis of
595 implants and 281 hemiarches/patients indicates that the use of short implants (< 10 mm) compared to regular
implants and BA may reduce implant failure at 1-year follow-up, and marginal bone loss (MBL) at 3-, 5-, and 8-year
follow-up; is likely to reduce the risk of biological complications at 1-, 3, 5-, and 8-year follow-up; and may be the
patient’s preferred alternative. There is a correlation between bone height, MBL and biological complications.

Conclusions The available evidence partially suggests that the use of short implants could decrease implant failure,
MBL, and biological complications, and increase patient satisfaction. However, given the need for further RCTs and
real-world evidence to fully evaluate short- and long-term outcomes, it would be prudent for clinicians to carefully
consider the individual needs and circumstances of the patients before deciding whether to use short implants.
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Graphical Abstract
BACKGROUND RESULTS
Although extensive research on S~ dImplant failure (1y)
short implants vs regular ( ) {Marginal bone loss (3-5-8y) CONCLUSION

implants and bone
augmentation for the atrophic
mandible has been published,
the evidence is still controversial.

METHODS

Umbrella review and meta-analy-
sis of primary studies. The eviden-
ce was critically appraised using
the GRADE approach.

/ UBiological complications (1-3-5-8y)
Patient’s preferred alternative

595 implants - 281 hemiarches/patients

The available evidence partially
suggests that the use of short
implants would have benefits,
however, more research is
needed in the short- and
long-term, and in other clinical
settings, to strengthen the set of
results.

Introduction

The challenge of implant-supported rehabilitation of the
atrophic mandible could be summarized in three points
of view: the skill and expertise required for the correct
performance of the surgical technique; the anatomical
characteristics of the surgical site, anterior or posterior,
proximity to the inferior alveolar nerve or other adjacent
structures, such as the floor of the mouth (and sublin-
gual gland) and muscle insertions (buccinator and mylo-
hyoid), density of cortical and bony characteristics [1];
and the patient, in relation to their age and adherence to
treatment [2].

Nowadays, one of the most widely accepted therapeu-
tic options is the placement of regular, standard-length,
or conventional endosseous implants over an edentu-
lous site that has been operated to increase the avail-
able three-dimensional bone volume. However, there is a
considerable complication rate in these procedures: 6.8—
57.1% for distraction osteogenesis, 2.5-100% for bone
blocks and 5.8—-27.3% for guided bone regeneration [3, 4].

The placement of short implants on an atrophic but
pristine alveolar ridge is an alternative to avoid frequent
comorbidity and long recovery time compared with bone
augmentation (BA) surgery. Currently, 34 systematic
reviews and meta-analyses (SR/MA) from the PROS-
PERO database suggest that short implants may be more
predictable than BA techniques [5-7]. However, exten-
sive evidence regarding the possible advantages of these
techniques is still controversial.

Furthermore, the concept of short implants is still
unclear; some studies had considered <10 mm, while
others later defined it as <8, <7, <6, or 4 mm [8-10].

Similarly, there is high heterogeneity in the methodol-
ogy used to synthesize and communicate these results.
Efforts to provide evidence for decisions in daily clinical
practice are needed. In this sense, overviews or umbrella
reviews (UR) use explicit and systematic methods to
search for and identify multiple SR that address a health
problem, to extract and analyze their results through
important outcomes [11]. The purpose of this UR is to
answer the question “What are the benefits or harms of
using short implants (I) vs. regular implants after BA (C)
in the posterior atrophic mandible (P) in the context of
implant treatment success outcomes (O)?

Materials and methods
Protocol and study design
The protocol for this UR was registered in PROSPERO
(CRD42022333526) and developed following the recom-
mendations of the Cochrane Overview of Reviews [11],
PRISMA 2020 guidelines [12], and PRIO recommenda-
tions [13].

This study was conducted in two phases. For the first,
a search and identification of SR/MA was carried out,
under the criteria that contained an MA, a paragraph
or a table that answered the exact question of this UR.
In this sense, it was categorized as “Broader” if the
review addressed this question, other populations and
interventions; “Exact’, if it addressed the same popula-
tion and intervention; “Narrow” if it addressed a more
specific aspect of the population or intervention evalu-
ated in this UR. The second phase consisted of iden-
tifying the primary studies included in the SR/MA,
observing the overlap between them, and subsequently
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assessing their eligibility with the PICO question of this
UR. Likewise, a search for primary studies published in
the last 10 years was carried out. Then, the risk of bias
of the primary studies included was evaluated to finally
perform a meta-analysis of the pertinent articles.

Eligibility criteria
The focused clinical question of this UR is detailed
below:

+ Participants (P): patients with atrophic partial or
fully edentulous posterior mandibular ridge.

« Intervention (I): short implants (<10 mm) placed
on the native bone.

+ Comparison (C): regular length implants (> 10 mm)
placed on previously augmented bone by distrac-
tion osteogenesis, inlay/onlay bone block graft or
guided bone regeneration (GBR).

« Implant treatment (O) success outcomes [14]:

o Primary: (1) implant survival/failure; (2) mar-
ginal bone loss (MBL); (3) biological complica-
tions.

+ Secondary: (4) prosthetic failure or complications,
(5) patient-reported outcome measures, and (6)
costs or other economic analysis.

+ Study types: SR/MA (according to the definition pro-
vided by the “Cochrane Handbook for Systematic
Reviews of Interventions’, Version 6.3, 2022) of ran-
domized clinical trials (RCTs) or longitudinal stud-
ies were included in the first phase. For the second-
phase RCTs published after the last search for the
most recent SR/MA, and non-randomized clinical
trials or longitudinal studies reported within the last
10 years were included. In this regard, the expected
low certainty on the evidence was supplemented with
the inclusion of longitudinal cohort studies of two or
more intervention arms (prospective and retrospec-
tive) [15].

+ Restrictions on study selection: articles and confer-
ence abstracts published or in press from the last
10 years (2012-2022), available in English, Spanish,
or German (languages in which the authors of this
review are proficient). The last 10 years were consid-
ered a restriction, because most SR/MA were pub-
lished during this period.

+ Exclusion criteria:

« P: surgical techniques performed exclusively on
the maxilla.
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« I and C: studies comparing short implants with
each other or comparing two implant systems
both placed in the native bone.

Information sources and selection process

The literature search was based on PRESS recommen-
dations [16] and was performed independently by four
reviewers (GSR, BOZ, DMF, and VM) in the Cochrane
Library, ClinicalTrials.gov, EBSCOhost (Dentistry &
Oral Sciences Source), LILACS, PubMED, SciELO, Sco-
pus, and Web of Science. The algorithms used to con-
duct the search SR/MA, RCTs and cohort studies were
developed by an experienced reviewer (GSR) and an
experienced oral surgeon (LD), starting from the Pub-
MED thesaurus (MeSH terms) that were adapted to the
other platforms (Additional file 1: Table S1).

Studies were added to the Rayyan platform (https://
www.rayyan.ai/) to eliminate duplicates. They were
screened by four reviewers (GSR, BOZ, DMF, and VM)
by independent assessment of title—abstract—keywords
compared to the inclusion criteria. A Fleiss test was
computed in Microsoft Excel 2022 (Microsoft Corpo-
ration, Redmond, USA) to assess inter-rater agreement
for more than two reviewers. Interrater agreement
was interpreted according to the categories proposed
by Landis and Koch [17]. From this screening, stud-
ies compatible with full-text reading were indepen-
dently selected (GSR, BOZ, DMF, and VM). Likewise,
through full-text reading, other SR/MA, RCTs and
cohort studies cited and included in the reference list
were identified, using the same terms for the search in
the databases and registries, and their eligibility was
discussed. Authors were contacted via e-mail to request
key information that was not reported in the included
studies.

Data collection process

One of the limitations reported regarding UR is the over-
lapping of primary studies [18], which decreases the
precision obtained in the performed synthesis. To man-
age this, tools provided by Epistemonikos.org were used,
automatically detecting, based on artificial intelligence,
the primary studies belonging to each of the SR, gener-
ating as a result an “Evidence Matrix”, from which the
overlapping was calculated using the Corrected Coverage
Area Index (CCA) [19]. Based on this matrix, each of the
four reviewers checked the primary studies against the
PICO question of this review, and then independently
extracted their data (GS, BO, VM and DM), which was
subsequently verified by a peer reviewer. Based on the
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table “Characteristics of included studies” provided by
the Cochrane Collaboration [20], using a Microsoft Excel
2022 (Microsoft Corporation, Redmond, USA) spread-
sheet, the following items were extracted:

+ For SR:

o Number and date of the last search, PICO (and
reported effects), number, design of included stud-
ies and relation to the PICO question of the present
UR (scope).

« For primary studies:

» Methodological study design, follow-up time, set-
ting, and country.

« Patient characteristics: number of participants

and implants, age/sex, mandible area (premolar—

molar)/type of edentulism (partial or complete),

bone characteristics (height, width, Cawood clas-

sification, other classification).

Surgical protocol: antibiotic prophylaxis, implant

system and length/diameter, raised flap (Y/N),

insertion torque, and bone augmentation

approach.

Prosthesis parameters: loading protocol (provi-

sional to definitive loading; immediate, early, con-

ventional), type of prosthesis, retention method

(cemented/screw)/implant—abutment connection,

splinted (Y/N), crown/implant ratio.

Risk factor assessment: Bruxism, smoking, his-

tory of periodontitis/maintenance time, and local

infection (before and/or after surgery).

+ Costs.

.

.

.

Confidence and risk of bias assessment

A panel composed of three reviewers assessed the con-
fidence for SR/MA and the risk of bias of primary stud-
ies (GS, MB, and LD). Regarding the confidence of the
SRs, the AMSTAR-2 guideline 16 items [21] was used
according to the identification of weaknesses in critical
aspects (items 2, 4, 7, 9, 11, 13, and 15). Subsequently,
confidence was categorized as critically low, low, moder-
ate or high. Discrepancies were resolved through consen-
sus. The risk of bias of the primary studies was obtained
from the assessments made by the authors of the best SRs
included. If any discrepancies were present, a risk of bias
assessment of the primary study was performed using the
Cochrane risk-of-bias tool for randomized trials (RoB 2)
[22] or ROBINS-I tool [23]. The use of the tools described
above allows for a better comparison of evidence from
RCTs and non-randomized studies, because they sit on a
common risk of bias metric [24].

(2023) 9:18

Page 4 of 25

Data synthesis and effect measures

Cochrane Collaboration’s Review Manager 5.4.1 was
used to perform a meta-analysis of the primary studies.
If those studies did not qualify for quantitative synthesis
(<2 studies for the outcome assessed), a narrative sum-
mary of their results was performed. For dichotomous
outcomes, a random-effects model was run using the
Mantel-Haenszel approach (if applicable, with continuity
correction for “zero events” studies), generating a relative
effect expressed as a Risk Ratio (RR) and its 95% confi-
dence interval (CI). For continuous outcomes, a random-
effects model was run under inverse variance, expressed
as the post-intervention mean difference (MD) (95% CI).
The use of the random-effects model is based primarily
on definitional differences for short implants, as well as
comparators reported in the literature (e.g., differences
in BA techniques), estimating different, but related,
intervention effects (DerSimonian and Laird approach).
In addition, a trial sequential analysis (TSA) was calcu-
lated for each meta-analytic model, using a conventional
boundary at a=0.05 (z=1.96), and an “Optimal Informa-
tion Size” calculation a=0.05 and 5=0.20 for the esti-
mated or minimal clinically important difference in the
relative effect, using alpha-spending boundary adjusted
for heterogeneity. All the above calculations were per-
formed with the software TSA 0.9.5.10 Beta (http://www.
ctu.dk/tsa/downloads.aspx). The statistical units of analy-
sis were the patient (MBL and Prosthesis failures) and the
implant/hemiarch (implant failure and biological compli-
cations). To evaluate the existence of heterogeneity and
the total proportion of variability due to between-study
heterogeneity, chi-squared (p <0.1) and P tests were used,
respectively. If significant heterogeneity was found, a sen-
sitivity analysis was performed to determine the impact
of the inclusion or exclusion of studies (differences in the
risk of bias and methodological design).

A subgroup analysis was performed according to
follow-up period, bone regeneration procedure, short
dental implant length (<10, <8, <6, and <4 mm) and/
or diameter (if applicable). Outcomes were presented
according to the analysis by subgroup or as a measure of
total effect (p<0.1 and p>0.1 from the test for subgroup
differences, respectively). In addition, a mixed-effects
meta-regression using the Hartung—Knapp method for
random-effects meta-analysis [25] was performed to
assess the approximate mandibular bone height [4] as an
independent variable for the primary outcomes (p <0.05).
Publication bias was investigated for each outcome by
visual inspection of the asymmetries in the funnel plot,
and if possible, a statistical assessment of publication
bias was performed using Egger’s or Peters’ test for fun-
nel plot symmetry (p<0.05). Statistical analysis was
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performed using the “meta” package in R version 4.2.0
(http://www.r-project.org/index.html).

Certainty of the evidence

First, each outcome was categorized according to its
importance, as discussed by the authors of this review,
based on the implant success criteria of the Harvard
group, that is, at the implant level, peri-implant soft tissue
level, prosthetic level, and patient satisfaction. All of the
included outcomes have the same importance [14]. The
certainty of the evidence for each outcome was assessed
by a panel composed of the authors of this review using
the GRADE guidelines with a minimally contextualized
approach [26] and assessing both confidence interval
and optimal information size (OIS) to facilitate the inter-
pretation of the results from a clinical/decisional and
research perspective, pondering the absolute and rela-
tive effects for the communication of the results. GRADE
considers the risk of bias, inconsistency of results, indi-
rectness of evidence, imprecision, and publication bias of
each outcome. Initially, results reported from RCTs were

(2023) 9:18
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categorized as high, and those reported from observa-
tional studies were categorized as having low certainty
of evidence, with the potential to be improved (large
effect, dose—response gradient, or plausible confounding
effect) or downgraded. As the NRSI were assessed with
ROBINS-I, the overall estimation evidence started out as
high. A summary table of the results was created using
the web-based software GRADEpro GDT (https://www.
gradepro.org/) to present the key messages raised from
this synthesis for each outcome, expressed as relative or
absolute effects (if appropriate).

Results

Study selection

The last search of all databases was conducted on June
29, 2022. A total of 494 articles were retrieved through
database and registry searching, and 12 through gray
literature. After removing duplicates (n=244), 254 arti-
cles were screened by title—abstract—keyword read-
ing, leaving 42 reports eligible (substantial agreement,
xk=0.785, 95% CI [0.733, 0.838]). After full-text reading

[ Identification of studies via databases and registers

[ Identification of studies via other methods ]

Records identified from:
Databases (n =390)

Cochrane Library (n=2)
EBSCOhost (Dentistry & Oral

c

o sciences source) (n=77)

® LILACS (h=0) Records removed before screening:
;:‘-_’ PubMED (n=93) > Duplicate records removed

= SciELO (n=0) (n=244)

<

_g Scopus (n=111)

Web of Science (n = 107)

Registers (n = 104)

Records identified from:
Citation searching (n = 12)

CENTRAL (n =99)
ClinicalTrials.gov (n=5)

}

Records screened »| Irrelevant records excluded

(n=254) (n=212)

A 4

Reports excluded:

A SR/MA* (n=14)
Reports assessed for eligibility > . . _
(n=42) Primary studies (n=11)

Please refer to Table 4. Characteristics of the
s

excluded studies to see the detail

Reports sought for retrieval »| Reportsnot retrieved Reports sought for retrieval »| Reports not retrieved
n=42) (n=0) (n=12) (n=0)
v v Reports excluded:

A 4
SR/MA included (n = 16)

New primary studies (Not
included in available SR/MA)
(n=1)

Already included in available
SR/MA (n =14)

SR/MA excluded * (n=7)
Primary studies from Evidence
Matrix (n = 47)

Reports assessed for eligibility >
(n=12)

Please refer to Table 4. Characteristics of the
excluded studies to see the details

A4

SR/MA included (n =5)

Fig. 1 PRISMA 2020 flow chart. The number of records identified during the initial search represents the sum of all papers collected through each

electronic database
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and subsequent searching for relevant citations, 21 SR/
MA were included in the first phase of this UR (93%
agreement) [10, 27-46]. Subsequently, 14 primary studies
[47-60] from the SR/MA included in the first phase, and
1 new primary study [61] that fit the targeted question

of this UR were identified (Fig. 1) and were used for the
synthesis performed in the second phase of the present
review. The reasons and sources of exclusion of 79 arti-
cles are detailed in Additional file 1: Table S2.

Table 1 Characteristics of the included systematic review and meta-analysis

Searches and date of the last search Outcomes
DB No. and
Reference Population Intervention Comparison {mplant Biological  Prosthetic  oooin Of Scope
RG GL i MBL :omplicﬂrinn :nmplimﬁon ‘tudies
PM Co EM SC  WoS Other
S Patients with )
Atabera: ® O O O O O & R roicposterior  Shortimplants Regular implants ©) (O]
! (>8 mm) in 0.6 6- 13RCTs ©
126] ridges (maxillaand (<8 mm) ugmented bone - 9. [
December 2018 (Without date restrictions) mandible) s o
. ° ° @) O O ° ° RL  Patients with TP
Amine et al. atrophic posterior  Short implants (5—  cgular implants [©)
> (>8 mm) in native 13 RCTs [0}
[27] ridges (maxilla and 8 mm) b 0.0.06
ND (from 2005) mandible) or augmented bone >
SJ Patients with .
Biamtea, ® O @ @ @ O e posterior  Short implants (4- e [©) (O] (O) 23 RCTS
28] ridges (maxillaand 8 mm) O e e bone 00 00 o O
March 1, 2017 (Without date restrictions) mandible) 8
o o . RL )
Camps-Font o o © o Patients with Short implants Regular implants O @ @ @
atrophic posterior (<8 mm) (and other (8.5 mm) in 14 RCTs
etal. [29] mandible alternatives to BA) augmented bone B >@ >@ >Q
July 1,2015 (Without date restrictions) =
Carosietal. @ ° e O O O @] RL  Patients with Short implant Regular implants @ @ @ ©
130] atrophic posterior 0" (10 mm) in 5RCTs ®
February 29, 2020 (from 2015) mandible - augmented bone 06 o6 06 0.6
Dias et al, e O O O O o . O Patients with Short implants Regular implants 0) ©
B1) atrophic posterior g IS (>8 mm) in 8RCTs ®
ND mandible =8 mm, augmented bone >0 (]
e O O O O O ° RL ) .
Esposito et Patients with Shortimplants (5. Regular implants 0 0) 0)
o 132] atrophic posterior (>8 mm) in 4RCTs ®
: mandible augmented bone (5] (5] e
September 1, 2018 (since 1950)
° ° ° O O O @) sJ ; Regular implants
L . Patients with i (> 8 mm) (ND but 10RCTs
~emos et al. atrophic posterior Short implants inferred in nati 3 e —
[10] ridges (maxillaand (<8 mm) o >4months  >4months  >4months >4 months Prospective (@]
September 10, 2015 (without date restrictions) mandible) ;ﬂd a)ugmemed cohort
one
e O e O O O . RL
Patients with Regular implants
Liang ct al. atrophic posterior Short implants a Ugmm) ifnam 4RCTS ®
[33] ridges (maxillaand (8.5 mm) - 0. . ©. 0.
December, 2019 (without date restrictions) mandible) oraugmentedbone 9. 0.0 ©0.0.0 ©0.6.0
SJ Patients with
Mezomoert ®  ® @ @ ® & O R ki hoserior  Short implants e © © (@) © 10 cohort
al® [34] ridges (maxillaand (< 10 mm) =% mm) in native o o 0 o 6 case series

June, 2012 (without date restrictions) mandible)

Nisadetat, ® O O O O O O RL  Patients with

Short implants
atrophic posterior

351 ; (<8 mm)
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° ° o O O ° ] SJ .
Patients with
Palacios et atrophic posterior Short implants
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Patients with

Terheyden et
atrophic posterior

Short implants
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Tolentino da Patients with Short implants
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Souza etal.* mandible augmented bone
0] Between July 1996 and January 2018
o o e O . (@] RL  Patients with . Regular implants
Tong et al 2 —
[ :1']5 e atrophic posterior :hm":;““pl""“ G- Glomm)in ° %) e 066 © %) e 060 9RCTs O]
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e o o O O o o ]gi Patients with ;
Yuetal. atrophic posterior Short implants Regular implants @ @ @
45] ridges (maxillaand (<6 mm) (28 mm) in native 31RCTs )
: s = or augmented bone o o o

November 2020 (without date restrictions)

mandible)

Co Cochrane Library, DB databases, EM EMBASE, GL gray literature, PM PubMED/Medline, RG registers, SC Scopus, Wo Web of Science

(D favors intervention; (C) favors comparison; () no differences between groups; [® broader, @ exact, ® narrow

2 Gray literature, @, @, ©, @, @, ®, @ years of follow-up

Characteristics of the included studies

The 21 SR/MA included (Table 1) [10, 27-46] were
searched in: PubMED/Medline (100%), Cochrane Library
(52%), EMBASE (52%), LiLACS (19%), Web of Science
(19%), Scopus (14%), EBSCOhost (10%), Ovid (10%),
ProQuest (5%), Scirus (5%), and SpringerLink (5%), and
yielded a date range from 1950 to November 2020. Like-
wise, the use of CENTRAL (33%), ClinicalTrials.gov
(5%), manual searches in specialized journals (62%), and
reference lists for relevant citations (71%) were the pre-
ferred sources of gray literature. In terms of population,
most studies reported mixed results in the maxilla and
mandible; only seven studies [30-33, 39, 40, 43] reported
the results of a primary analysis performed in the man-
dible. The definition of short implant ranged from 4 to
8 mm [29], 5 to 8 mm [28, 33, 42], <6 mm [31, 38, 46],
<7 mm [40], less [44, 45] or <8 mm [10, 30, 32, 36, 39,
41], 8.5 mm [34] and <10 mm [35, 37, 43].

Thirty-eight percent of the SRs/MA included a sub-
group and/or meta-regression analysis, including deter-
minants such as age, sex, risk factors such as systemic
diseases, bruxism, periodontal disease, smokers [35, 38,
46], and maxilla vs. mandible [29, 34, 35]; implant-related
aspects such as length [29, 35], diameter (narrow/regular
vs. wide), surface (rough vs. machined) [35], native bone
vs. BA [29], different bone regeneration techniques [43],
and surgical approach (one vs. two stages) [35] were eval-
uated. At the prosthetic level, the prosthesis type (fixed
vs. removable) [34], retention type (screw vs. cemented)
[35, 38], implant abutment connection type (external vs.
internal) [35], and loading protocol (immediate/early vs.
conventional) [35, 38, 46] were evaluated. The impact
of methodological aspects such as the level of included

studies (high, moderate, weak) [29], statistical approach
(i.e., Bayesian meta-analysis) [32], and follow-up [34, 35]
were also evaluated. One study performed a meta-regres-
sion for the mean differences in marginal bone loss (mm)
between short implants and standard implants in aug-
mented bone during the follow-up post-loading (months)
with a random-effects model [37].

Most of the included SR/MA addressed a “Broader”
review objective [10, 27-30, 35-38, 41, 42, 44—46] when
compared to the present UR; this is in contrast to the
“Narrow” [31-34, 39, 40] or “Exact” [43] relationship of
the remaining SR/MA with the current UR objective.
The primary studies obtained from the identified SRs/
MAs presented a CCA of 31.62%. When the references
are grouped by threads of studies evaluating the same
cohort, the overlap increases to a CCA of 72% (“Evidence
matrix” available in http://www.epistemonikos.org/matri
xes/62abb8ce7aaac80c138184da).

The studies included in this review (Table 2) were split-
mouth RCTs, four publication threads [48-60], two single
studies, one split-mouth RCT by matrix [47], and one ret-
rospective cohort study by search [61]. All primary stud-
ies were conducted in Italy in a private dental practice
setting. Follow-up ranged from 1 to 8 years, one with a
1-year follow-up [47], four 5-year studies [48-56, 61], and
one up to 8 years [57-60]. They included an initial cohort
of 281 hemiarches and patients aged 37-83 years (142
hemiarches and patients for intervention and 139 for
comparison). Several studies included patients who were
smokers, mostly moderate; only one thread reported a
heavy smoker among its participants [57-60]; at the same
time, Pieri et al. [61] reported 5 patients with bruxism
and 10 patients with a history of periodontitis. In the


http://www.epistemonikos.org/matrixes/62abb8ce7aaac80c138184da
http://www.epistemonikos.org/matrixes/62abb8ce7aaac80c138184da
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intervention group, short implants from 5 to 6.6 mm,
with a diameter of 4—6 mm, were used compared to long
implants from 9 to 15 mm with a diameter of 4-5 mm
plus bone grafting, such as bone block alone or com-
bined with osteogenic distraction [47]. The anatomical
sites where the implants were placed were posterior and
partially edentulous, with a minimum height of 5-9 mm.
Most studies used antibiotic prophylaxis in the com-
parison group, although a minority also prescribed it for
intervention [47, 61]. At surgery, all studies reported that
they raised flap, with a graft healing time of 4—5 months.
In total, 595 implants (291 short and 304 regular) were
placed. The insertion torque was reported to be at least
25 c¢m in all the studies. The type of implant—abutment
connection varied among the studies, between inter-
nal [47-50, 54-56, 61] and external [51-53, 57-60], and
hex connection. The provisional loading time was at
4 months, and the definitive rehabilitation at 8 months,
Pieri et al. [61] reported definitive loading between 4
and 5 months. The type of rehabilitation varied between
studies: metal—ceramic, metal-resin or zirconia [48-56],
metal-ceramic [57-60] and titanium-resin compos-
ite or zirconia—ceramic [61]. The retention method was
reported indistinctly as screw-retained or cemented [48-
61], or exclusively cemented [47]. With the exception of
Bernardi et al. [47], who did not report the maintenance
period, the majority reported a maintenance period of
4 months [48-60], up to 6 months [61].

Confidence assessment and risk of bias

The distribution of certainty in the evidence was “Criti-
cally low” (33.5%), “Low” (28.5%), “Moderate” (28.5%)
and “High” (9.5%) (Table 3). Within the critical items,
most SR/MA established the methodology prior to con-
ducting the study and used (item 4) adequate meta-ana-
lytic methods (according to their proposed methodology)
(item 11); three studies [33, 36, 40] did not perform an
adequate literature search (i.e., search at least two data-
bases) (item 4); four studies [34, 37, 42, 43] did not list
and justify the reasons for excluding primary studies
(item 7); only one study [39] did not use a satisfactory
technique for assessing the risk of bias (RoB) in indi-
vidual studies that were included in the review (item 9);
three studies [32, 34, 38] did not account for RoB in indi-
vidual studies when interpreting/discussing the results of
the review (item 13); finally, ten studies [10, 27, 32-34, 37,
40-43] that performed MA did not present graphical or
statistical evidence for publication bias, as well as discus-
sion of the likelihood and magnitude of its impact (item
15). Regarding noncritical items, problems were identi-
fied in relation to 1 [42], 3 (all of the included studies),
5[40, 42], 6 [37, 39, 40], 8 [45], 10 [10, 27, 29, 31, 32, 34,
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36-46], 12 [10, 27, 30, 32, 34, 38, 41, 43, 44, 46], 14 [31, 32,
36, 39] and 16 [10, 29, 34, 36] (Table 3).

Regarding the RCTs assessed using the Cochrane RoB
2.0 Tool, the results of all studies were mostly with a
“Low” risk of bias for the domain “Bias arising from the
randomization process’, because they used a coin toss
[47] or a computer-generated restricted randomized list
[48-60]. The domain “Bias arising from deviations from
intended interventions” was assessed as “High” in all
studies, because participants and surgeons were aware
of the intervention and control group during the trial
[47], an inevitable limitation for ethical reasons. In addi-
tion, some cases presented deviations in the intended
interventions; in the control group, as they failed or the
BA materials were unavailable [53], it was decided to
change the intervention, combine the interventions [48],
or change between the groups [56, 60]. These deviations
were partially unbalanced and could affect the results of
all outcomes because the sample size was small. For “Bias
due to missing outcome data’, studies assessed as “Low’,
had no loss to follow-up [54]. However, in the stud-
ies where participants withdrew or could not be located
(“loss to follow-up” or “dropout”), and participants who
did not attend the visit at which outcomes should have
been measured, the reasons were not related to the true
nature of the intervention (change in residency) [48-50,
54, 56, 60]; in addition, they used complete case datasets.
Although the studies evaluated as “High’, although used
complete case data sets, there is evidence that the rea-
sons for dropouts could be related to the true nature of
the interventions, i.e., lack of motivation to attend main-
tenance sessions for the augmented bone group, due to
their multiple failure procedures (adherence to follow-
up) [51, 53, 57-59]. Of concern were the differences in the
analysis and reporting of data from two studies included
in the threads, evaluating the same cohort at different
follow-ups [52, 55], and incomplete reporting of the pros-
thesis analysis at the 1-year follow-up [47]. In this case,
it was decided to use the first data reported in the study
thread (considering individual studies) for the MBL out-
come; for the other outcomes, the data reported in the
first published article of the study threads were used. The
unavoidable lack of blinding of the evaluators did not
imply a severe limitation for all results. Thus, we con-
sidered “Low” risk of bias for the evaluation of Implant
and Prosthesis Failure and Biological complications, due
to their binary nature [47]. In contrast, for the assess-
ment of MBL, concerns were raised owing to the obvious
radiological differences between native and augmented
bone, which could influence the outcome measurement.
For “Bias in selection of reported outcomes’, the results
of all studies were assessed as “Low’, because there was
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no evidence of discordance between the pre-specified
data analysis and the reported outcomes (multiple analy-
sis selection), for all outcomes. Finally, for “Other biases’,
all included studies were assessed as “High’, because they
had neither a registered protocol for prospective RCTs
nor adequate sample size calculation. In addition, some
concerns about funding may arise, even if the authors
stated no conflict of interest [47-60] (Fig. 2).

For the included retrospective cohort study [61],
assessed with ROBINS-I, the results for “Confound-
ing bias’, “Bias in study participant selection’, and “Bias
in intervention ratings” were assessed as “Low’, as the
pre-intervention prognostic factors, such as bone thick-
ness, were almost entirely equivalent to those of the
RCTs included in this review and the population was
balanced in all other respects, such as its characteristics
and risk factors; all participants who were eligible for the
target trial were included in the study, and for each par-
ticipant, the start of follow-up and the start of the inter-
vention coincided. Their status was well-defined, based
solely on information collected at the time of the inter-
vention (medical records). Regarding “implementation
bias’, there was no evidence of any deviation from the
intended interventions (low risk of bias). Regarding “bias
due to missing outcome data,” the results were assessed
as “moderate” due to some concerns related to the unbal-
anced dropout rate of the intervention and control
groups (4 vs. 2 participants, respectively). However, they
performed a complete case data analysis. There was a
“Moderate” risk of bias for all outcomes, as participants,

(2023) 9:18
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surgeons, and evaluators were aware of the interventions.
However, in the case of MBL, obvious differences could
have influenced the outcomes. Finally, there was no evi-
dence of selective outcome reporting, as prespecified
outcomes were reported in full in the results (low risk of
bias) (Fig. 2).

Effects of interventions and summary of findings

The main results from the evidence synthesis regarding
the SR/MA included (Table 4), the meta-analysis of the
primary studies (Additional file 1: Figs. S1-S4) and meta-
regression analysis for the primary outcomes (Fig. 3) are
presented in the following table.

Implant failure

Of the SR/MA included, three concluded that at 1, 5
and 10 years, there was a lower risk of implant failure in
the short implant group [31, 32, 45]. On the other hand,
three studies reported that at 1, 5, 8, and 10 years, regu-
lar implants with bone augmentation had a lower risk of
implant failure [35, 44, 46]. However, a total of 15 MAs
showed that at 4 months, 1, 2, 3, 5, 8 and 10 years, there
was no significant difference between the risk of implant
failure between the short implant group and the regular
implant group with bone augmentation [10, 27-30, 33, 34,
36-43]. Furthermore, the results of the raw meta-analytic
model of 15 studies [47-61] (Additional file 1: Fig. S1)
showed no differences between the groups (RR 0.70, 95%

Table 3 Confidence in methodological quality of included SR/MA according to AMSTAR-2 checklist

References 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Interpretation
Altaib et al. [26] Y Y N Y Y Y Y Y Y N Y N Y Y N Y Low

Amine et al. [27] Y PY N PY Y Y PYPY Y Y / /Y Y / Y High

Bitaraf et al. [28] Y Y N Y Y Y Y PY Y N Y Y Y Y Y N Moderate
Camps-Font et al. [29] Y PY N Y Y Y Y PY Y Y Y N Y Y Y Y Moderate
Carosi et al. [30] Y PY N PY Y Y Y PY Y N / / Y N / Y Moderate
Dias et al. [31] Y PY N PY Y Y Y PY PY N Y N N N N Y Critcallylow
Esposito et al. [32] Y PY NN Y Y Y Y Y Y Y Y Y Y N Y Critcallylow
Lemos et al. [10] Y PY N PY Y Y Y PY Y N Y N Y Y N N Low

Liang et al. [33] Y P Y N Y Y Y N PY Y N Y N N Y N N Critcally low
Mezzomo et al. [34] Y Y N Y Y Y YPY Y Y Y Y Y Y Y Y High

Nisand et al. [35] Y PY N N Y Y Y PY Y N / /Y N / N Low

Palacios et al. [36] Y PY N Y Y N N PY Y N Y Y Y Y N Y Critcallylow
Ravida et al. [37] Y PY NPY Y Y Y PY Y N Y N N Y Y Y Low
Starch-Jensen et al. [38] Y PY N Y Y N Y PY N N / /Y N / Y Low
Terheyden et al. [39] Y PY N N N N Y PY Y N Y Y Y Y N Y Critcallylow
Tolentino da Roza de Souza et al. [40] Y PY N PY Y Y Y PY Y N Y N Y Y N Y Low

Tong et al. [41] N PY N Y N Y NPY Y N Y Y Y Y N Y Critcallylow
Toti et al. [42] Y PY N PY Y Y N PY Y N Y N Y Y N Y Critcallylow
Xu et al. [43] Y PY N PY Y Y Y PY Y N Y N Y Y Y Y Moderate
Yang et al. [44] Y PY N PY Y Y Y N Y N Y Y Y Y Y Y Moderate

Yu et al. [45] Y Y N Y Y Y Y Y Y N Y N Y Y Y Y Moderate

Critical items according to AMSTAR-2 checklist
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Fig. 2. Results of the risk of bias assessment based on the Cochrane RoB 2.0 tool for RCT and ROBINS-I for nonrandomized studies of interventions

(Green: low risk, yellow: medium risk, and red: high risk)
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Fig. 3. Exploratory meta-regression analysis. A The Bubble Plot does not show a relationship with the risk of implant failure, from 1 to 8 years of
follow-up. B The Bubble Plot shows that “bone height”is associated with MBL, from 1 to 8 years of follow-up. C The Bubble Plot shows that “bone
height”is associated with the risk of biological complications, from 1 to 8 years of follow-up

CI10.43-1.13, p=0.14; OIS=1372 of 4519 implants), with
no evidence of heterogeneity between studies (I*=0%,
p=0.75). However, the results of the subgroup analysis
showed an interaction between follow-up and implant
failure (*=52.2%, p=0.10), but not for short implant
length (*=0%, p=0.81). Nevertheless, the results for the
4 to <6 mm group (53-58) (RR 0.78, 95% CI 0.28-2.18,
p=0.63, OIS =357 of 11,249; I’=0%, p=0.70) and for the
6 to 8 mm group (RR 0.67, 95% CI 0.39-1.17, p=0.16,
OIS=1015 of 3379 implants; I*=0%, p=0.53) (49-52, 60,
61, 63) showed no differences between the groups. Thus,
the results presented by follow-up showed that:

« At 1 year of follow-up [47, 48, 51, 54, 57], there was a
lower risk of implant failure in favor of short implants
(RR 0.33, 95% CI 0.15-0.74, p=0.007, OIS =498 out
of 505 implants; *=0%, p=0.98) (Additional file 1:
Fig. S1a).

o At 3 years of follow-up [49, 52, 55, 58], there was
no difference between the groups (RR 0.68, 95% CI
0.22-2.06, p=0.49, OIS=328 out of 4639 implants;
I=0%, p=0.56) (Additional File 1: Fig. S1b).

o At 5 years of follow-up [50, 53, 56, 59, 61], there was
no difference between the groups (RR 1.18, 95% CI
0.50-2.79, p=0.71, OIS=425 out of 11,912 implants;
I*=0%, p=0.85) (Additional file 1: Fig. S1c).

« At 8 years of follow-up [60], there was no difference
between the groups (RR 1.69, 95% CI 0.42-6.78,
p=0.46, OIS=121 out of 1686 implants) (Additional
file 1: Fig. S1d).

Marginal bone loss

Of the SR/MA included, 14 concluded that at 1, 2, 3, 5,
8, and 10 years, the short implant group had less MBL
compared to the regular implant group [28, 29, 31, 33,
36, 38-46]. Only one MA reported less MBL in the regu-
lar implant group with BA at 1 year [35]. On the other
hand, five MA concluded that at 4 months and 1, 2, 3, 5, 8
and 10 years, there was no significant difference between
these 2 groups [10, 27, 30, 34, 37]. The raw meta-analy-
sis of 14 studies [48-61] showed a reduction in MBL of
0.33 mm, in favor of short dental implants (95% CI —0.43
to —0.22 mm, p <0.00001, OIS=561 of 138 patients) with
high between-study heterogeneity (I>=86%, p <0.00001).
In this regard, subgroup analysis showed an interaction
between follow-ups (>=94.2%, p<0.00001) with MBL,
but not for short implant length (?=32.2%, p=0.22)
(Additional file 1: Fig. S2). However, the overall effect for
the 4 to <6 mm group [51-56] is a reduction of 0.20 mm
(95% CI —0.34 to —0.05, p=0.007, OIS=170 of 233
patients; >=49%, p=0. 08) and a reduction of 0.48 mm
for the 6 to 8.5 mm group [48-50, 58, 59, 61], in favor
of short implants (95% CI —0.71 to —0.24, p<0.0001,
OIS=391 of 212 patients; I>=91%, p<0.00001). Hence,
the results by follow-up showed that:

o At 1 year of follow-up, there was no difference
between the groups (MD —0.07 mm, 95% CI —0.14
to 0.01 mm, p=0.08; >=70%, p=0.01, OIS=209 out
of 490 patients) [48, 51, 54, 57, 61] (Additional file 1:
Fig. S2a).
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+ At 3 years of follow-up, the MBL was 0.32 mm (95%
CI —0.44 to —0.19 mm, p<0.00001, OIS=142 out of
46 patients; I*=0%, p=0.50) that favors short dental
implants [49, 52, 55, 58] (Additional file 1: Fig. S2b).

+ At 5 years of follow-up, the MBL was 0.45 mm (95%
CI -0.72 to —0.18 mm, p=0.001, OIS=44 out of
33 patients; ?=0%, p=0.75) that favors the group
of short dental implant length of 4 to <6 mm [53,
56] (Additional file 1: Fig. S2c.1), and 0.84 mm (95%
CI —1.07 to —0.61, p<0.00001, OIS=119 out of 19
patients; ?=0%, p=0.89) that favors the group of
short dental implant length of 6 to 8.5 mm [50, 59,
61] (Additional file 1: Fig. S2c.2) (subgroup differ-
ences, I=77.7%, p=0.03) (Additional file 1: Fig. S2c).

+ At 8 years of follow-up, the MBL was 0.88 mm
(95% CI —1.26 to —0.5, p<0.00001, OIS=47 out
of 18 patients) that favors the group of short dental
implant length of 6 to 8.5 mm [60] (Additional file 1:
Fig. S2d).

Biological complications (before and after loading)

Of the SR/MA included, nine reported that at 1, 2, 3,
5, 8, and 10 years there was a lower risk of biological
complications in the short implant group [29-31, 36,
38, 41-44]. However, only two studies concluded that at
4 months and 1 year, there were no significant differences
between the two groups [10, 35]. The raw meta-analysis
of 15 studies [47-61], that reported biological complica-
tions as mucositis and peri-implantitis, showed a relative
risk reduction (RRR) of 63% (RR 0.37, 95% CI 0.26—0.54,
p<0.00001, OIS=1372 out of 361 implants) in favor of
short dental implants, with evidence of moderate hetero-
geneity (I*=57%, p=0.004). Therefore, the results of the
subgroup analysis showed no interaction between follow-
up and biological complications (I*=0%, p=0.84), in con-
trast to the evident interaction with short dental implant
length (#=95.1%, p<0.00001). This leads to an RRR
of 34% that favors the 4 to <6 mm group (RR 0.66, 95%
CI 0.50-0.88, p=0.005, OIS=357 out of 356 implants;
P=0%, p=0.43) [51-56] and 77% that favors the 6 to
8.5 mm group (RR 0.23, 95% CI 0.16-0.33, p<0.00001,
OIS=1015 out of 91 implants; I>=0%, p=0.83) [47-50,
58, 59, 61]. Despite the lack of interaction between fol-
low-ups, the results of this covariate are summarized as
follows:

+ At 1 year of follow-up, there was a lower risk of
biological complications that favors short den-
tal implants (RR 0.48, 95% CI 0.25-0.93, p=0.03,
OIS=119 out of 228 implants; I>=0%, p=0.51) [51,
54] (Additional file 1: Fig. S3a).
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+ At 3 years of follow-up, there was no difference
between groups (RR 0.66, 95% CI 0.39-1.09, p=0.11,
OIS=119 out of 344; ’=0%, p=0.27) [52, 55] (Addi-
tional file 1: Fig. S3b).

+ At 5 years of follow-up, there was no difference
between groups (RR 0.77, 95% CI 0.42—1.42, p =0.40,
OIS=119 out of 1048; P=48%, p=0.16) [53, 56]
(Additional file 1: Fig. S3c).

For the subgroup “short dental implant length of 6 to
8.5 mm:

o At 1 year of follow-up, there was a lower risk of
biological complications that favors short dental
implants (RR 0.12, 95% CI 0.04-0.32, p<0.0001,
OIS=379 out of 109 implants; >=0%, p=0.84) [47,
48, 57] (Additional file 1: Fig. S3a).

+ At 3 years of follow-up, there was a lower risk of
biological complications that favors short dental
implants (RR 0.21, 95% CI 0.10-0.46, p<0.0001,
OIS=209 out of 76 implants; I*=0%, p=0.75) [49,
58] (Additional file 1: Fig. S3b).

o At 5 years of follow-up, there was a lower risk of
biological complications that favors short den-
tal implants (RR 0.22, 95% CI 0.12-0.40, p<0.001,
OIS=306 out of 72 implants; I*=0%, p=0.77) [50,
59, 61] (Additional file 1: Fig. S3c).

+ At 8 years of follow-up, there was a lower risk of
biological complications that favors short den-
tal implants (RR 0.34, 95% CI 0.17-0.66, p=0.001,
OIS=121 out of 77 implants) [60] (Additional file 1:
Fig. S3d).

Prosthesis failures and complications

Of the SR/MA included, six concluded that at 4 months
and 1, 2, 3, and 5 years, there was no significant differ-
ence in the risk of technical complications between the
short implant group and the regular implant group with
BA [30, 36-38, 42, 43]. On the other hand, three studies
reported that at 1, 5, 8, and 10 years, there was a lower
risk for regular implants with BA [31, 35, 44]. In con-
trast, one study concluded that there was a lower risk in
the short implant group at 1, 3, and 5 years [41]. The raw
meta-analysis of ten studies [49, 50, 52, 53, 55, 56, 58-61],
which included prosthetic complications such as ceramic
chipping, decementation and abutment loss, showed an
RRR of 13% for prosthetic failures and complications
for short implants (RR 0.87, 95% CI 0.51-1.49, p=0.62,
OIS=1378 out of 2787 patients), with evidence of no het-
erogeneity across the studies (>=0%, p=0.87) (Addi-
tional file 1: Fig. S4). The subgroup analysis revealed an
interaction between follow-up, short implant length and
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risk of prosthesis failures and complications (I*=0%,
p=0.76; and >=0%, p=0.85, respectively). In summary,
the results by follow-up are presented as follows:

+ There was no difference between groups at 3 (RR
0.65, 95% CI 0.23-1.84, p=0.42, OIS=154 out of
1635 patients; I?=0%, p=0.54) [49, 52, 55, 58] (Addi-
tional file 1: Fig. S4), 5 (RR 0.91, 95% CI 0.45-1.84,
p=0.80, OIS=176 out of 2351 patients; I*=0%,
p=0.76) [50, 53, 56, 59, 61] (Additional file 1: Fig.
S4b) and 8 (RR 1.23, 95% CI 0.31 to 4.90, p=0.77,
OIS =48 out of 3698) [60] years of follow-up (Addi-
tional file 1: Fig. S4c).

Among the SR/MA that mixed biological and techni-
cal/prosthetic complications, it was reported that at 1, 3,
5 and 10 years the risk of complications was lower in the
short implant group [27, 33, 39, 40, 45, 46]. However, one
reported that at 1 year there was less risk in the group of
regular implants with BA [32].

Patient-reported outcome measures and other outcomes
The results of an RCT of 40 hemiarches (split-mouth)
[48] reported that 1 month after delivery of the final
prostheses, an independent evaluator asked patients
which treatment they preferred. All 20 patients treated
with mandibular implants preferred the short implant
side versus conventional length implants placed on the
augmented bone side (p<0.0001) (low certainty of evi-
dence) (Table 4). In addition, there were no data on other
outcomes or cost-effectiveness analyses comparing the
intervention and control groups.

Meta-regression analysis

Meta-regression exploratory analysis assessing the effect
of the predictor “bone height” did not show a relation-
ship with the risk of implant failure (estimate=0.52,
95% CI —0.12 to 1.16, p=0.109, R2=0%) (Fig. 3A).
However, it showed that “bone height” predicted MBL
(estimate=-0.17, 95% CI —-0.3 to —0.05, p=0.007,
R2=21.15%) (Fig. 3B) and the risk of biological complica-
tions (estimate=—0.47, 95% CI —0.87 to —0.07, p=0.022,
R2=49.64%) (Fig. 3C) from 1 to 8 years of follow up.

Publication bias

Observation of the funnel plots for the raw meta-analytic
models showed no asymmetry indicating publication bias
for the studies included in the outcomes “implant fail-
ure” (Additional file 1: Fig. S6A) and “prosthetic failure
and complications” (Additional file 1: Fig. S6D), which
was confirmed by the Peters test for funnel plot asym-
metry (p=0.565 and p=0.295, respectively). In contrast,
for the outcomes “MBL” and “biological complications,’
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the observation of the funnel plot showed asymmetry
(Additional file 1: Fig. S6C, D), as confirmed by Egger’s
(p=0.0004) and Peters’ (p=0.0013) tests, respectively.
However, when the available studies were analyzed by
subgroup, there were not enough studies to make an
optimal funnel plot observation (<5), although no biased
results were suspected for those subgroups.

Discussion

In summary, the results of the meta-analysis showed that
short implants were placed in the native bone, compared
to regular length implants, placed after BA in the poste-
rior atrophic mandible.

a) Implant failure (before and after loading): less
implant failure at 1 year follow-up. Nevertheless, the
evidence is very uncertain regarding the true effect at
3, 5, and 8 years of follow-up.

b) Marginal bone loss (change from baseline): the evi-
dence is very uncertain regarding the true effect at
1 year of follow-up. However, this may result in a
reduction of the MBL at 3, 5, and 8 years of follow-
up.

c) Biological complications (before and after loading):
the evidence is very uncertain regarding the true
magnitude of the effect at 1, 3, and 5 years of follow-
up for the 4 to <6 mm group. At the same time, for
the 6-8.5 mm group, the risk of biological complica-
tions is reduced at 1, 3, 5 and 8 years of follow-up.

d) Prosthetic failure and complications: the evidence is
very uncertain regarding the magnitude and direc-
tion of the true effect at 3, 5 and 8 years of follow-up.

e) Patient preference: the patients may prefer short den-
tal implants when compared to the control group.

f) Cost-effectiveness: there are no data regarding the
costs, or other economic evaluations that assess the
focused question of the present UR.

In addition, it partially clarifies when one intervention
might be more predictable than another. In this sense,
the meta-regression analysis is consistent with the litera-
ture, indicating that up to ~4 mm, there are no signifi-
cant differences between BA techniques [4]. As the basal
bone height increases, and consequently the height to be
augmented decreases, the risk of biological complications
and MBL associated with the use of regular implants
placed in augmented bone also decreases. In this sense,
the associated risks are more related to BA surgery than
to implant length. On the other hand, three-dimensional
finite analysis models have shown that implant diameter,
bone type and location (premolar) would be the most
important factors in predicting bone stress, because the
greatest stress occurs in the mandibular alveolar ridge
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and not in the apical peri-implant portion, conclud-
ing that the larger the diameter and the better the bone
quality (thicker cortex), the lower the stress [62, 63]. At
the same time, the larger the diameter, the larger the
implant-bone contact area, and consequently, the sur-
face area for osseointegration [64].

These results are in line with those described by Vetro-
milla et al, who compared short implants to regular
implants plus sinus floor elevation and found a better or
equal performance in implant survival (high certainty),
MBL, biological complications, prosthetic outcomes
(moderate certainty), and patient satisfaction [65], with a
much lower cost, favoring short implants. However, the
evidence from which the primary data were collected is
“critically low” or “low’; so that SR/MA are required to
allow a better synthesis of the evidence [66].

Regarding the assessment of the body of evidence, for
the risk of bias of the included studies, for all outcomes,
studies with high risk of bias contributed greatly to the
overall weighted estimate of effect, due to the lack of
blinding of participants, surgeons, and evaluators. It was
decided to downgrade only one level, as the impossibil-
ity of blinding the intervention and comparison (obvious
differences between implant lengths) was recognized. In
addition, the level was not downgraded due to the lack
of sample size calculations, as a post-hoc power analysis
could be performed for the meta-analysis using TSA. No
serious concerns were raised regarding the inconsistency
of the results, as they did not demonstrate significant
evidence of heterogeneity among the included stud-
ies, except for the 1-year MBL. In this case, a sensitivity
analysis was performed for risk of bias and study design
showing a minimal reduction in accounted heterogeneity
from =70% (p=0.010) to I?=55% (p=0.08) and overall
effect (absolute AMD =0.02 mm). For this reason, it was
decided to downgrade one level.

There were no serious concerns regarding indirect evi-
dence or clinical diversity in the studies included in our
meta-analysis (PICO), even if there is one low-weight
study (<25%) that featured short implants placed in aug-
mented bone, due to the lack of installation of a regular-
length implant [56]. In addition, most of the included
SRs/MAs reported mixed maxillary/mandibular or
native/augmented bone data, relative to the results of
their primary and secondary outcomes. This resulted
in a problem of indeterminacy of evidence in the afore-
mentioned synthesis results, i.e., for the biomechanical
properties of the bone itself [67]. Regarding impreci-
sion, it was decided to downgrade 2 levels in the stud-
ies with wide confidence intervals which included “no
effect” and appreciable benefits and harms (RR less than
0.75 or greater than 1.25, or minimum clinical difference
established as “MD different from zero”). In addition,
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it was decided to downgrade one level when the num-
ber of events available did not allow the calculated OIS
to be reached, or when, although the OIS is reached by
power calculations, there was no important minimum
difference reported in the literature that would allow an
adequate estimate (MBL): for short implants the MBL is
more detrimental compared to the same MBL for regular
implants.

Finally, there were no serious doubts about publica-
tion bias, as the limited number of studies included in the
meta-analysis by follow-up and/or the short duration of
dental implants did not allow an ideal visual or statisti-
cal assessment of the funnel plot to determine a possible
publication bias among the included studies.

The present review is the first of its kind in the field and
is not free of limitations, which also stem from the stud-
ies included in it. In relation to the methodological design
of the present review, the use of the few available recom-
mendations for the development of UR reduces reporting
bias and thus provides reproducibility and transparency
to the report. Second, the use of multiple search lan-
guages, databases, registries, and relevant gray literature
allows for the collection of varied information, partially
controlling for publication bias. The fact that most of the
included SR/MA were considered as with “critically low”
or “low” confidence allowed data to be extracted from the
primary studies and not from the syntheses themselves,
which brings accuracy to the development of meta-
analytic models. The systematic and eminently clinical,
patient-centered approach provided by GRADE also
facilitates the interpretation of quantitative and qualita-
tive evidence within the framework of what is available
and guides the clinician to make fully informed decisions
compatible with his or her own experience.

Regarding the methodological design of the included
studies, it is important to emphasize that none of the
included primary studies performed a sample size calcu-
lation. Although the split-mouth design has the advan-
tage of removing a lot of inter-subject variability from
the estimated treatment effect, it is more reliable when
performed in a properly calculated population [68]. In
addition, the risk of bias in most of the included studies
was high, not unlike that reported in the discipline [69],
not only because of the absence of sample size calcula-
tion but also because of problems in the blindness of the
evaluator and the participant. Although RCTs are the
gold standard for determining the effectiveness of inter-
ventions, one way to overcome the inherent limitations
mentioned above, reduce bias, and provide greater exter-
nal validity to the conclusions, could be the development
of real-world parallel-arm cohort studies. At the same
time, within the raw meta-analytic models, there was
publication bias for MBL and biological complications,



Saenz-Ravello et al. International Journal of Implant Dentistry

which could be influenced by the “funding” provided by
the brands facilitating the implants and material required
to perform the primary studies included [70]. However,
this possible bias is given by the greater publication of
articles of European origin [71-73]. More studies, mainly
from other countries, are necessary for a more compre-
hensive assessment of publication bias and its effect on
the reporting of results.

Regarding the population included in the primary stud-
ies, several important considerations should be taken into
account for future studies, such as demographic factors
[74] or the baseline oral health status of the patient. First,
more thorough evaluations of the demonstrated risk fac-
tors for success, implant failure, MBL, and prosthetic
failure, such as smoking [75-78], bruxism [79], history
of periodontitis [80, 81], and peri-implant supportive
therapy [82], which add bias in the presented results,
should be performed. In view of the above, although
smoking was balanced between the two groups, the out-
comes of success could be explained by these covariates.
Likewise, some studies pointed out that factors such as
bruxism or periodontitis are relevant when analyzing
implant survival, MBL, and associated complications, so
their transparent reporting is important. When analyz-
ing the results of the included primary studies, these last
two factors are poorly reported and were only pointed
out in the observational study [61]. Similarly, regarding
the interventions, surgical experience [80] was ruled out
as a significant factor in the outcomes evaluated, given
that in the primary studies included, the procedures were
performed by experienced surgeons. However, there was
poor reporting of the quality and type of bone in which
the surgeries were performed. This could have an impact
on the results since the lower the bone quality, the lower
the osseointegration [83, 84]. Despite the varied opinions
on the subject [85], the use of a minimum effective dose
of antibiotic prophylaxis [86] to prevent early local infec-
tions after implant installation [87], and consequently,
implant failure [88, 89], is interesting. However, it was
not specifically recorded whether the implants that failed
were placed on sites where another implant had previ-
ously failed [90] or on an infected site [91]. Studies that
also compare one- and two-stage bone augmentation
surgeries [80] are needed to assess whether loading time
interacts with success outcomes [92-94] in the context of
these interventions to accurately measure the impact on
the effect.

Regarding the management of peri-implant soft tis-
sues, the condition of the peri-implant mucosa was
not evaluated or reported, which is important because
short implants are known to have a higher preva-
lence of mucositis in the mandible [95]. Other aspects
not reported or evaluated in this review, such as the
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emergence profile and angle, may influence the occur-
rence of peri-implantitis [96], which, together with its
sequelae, could compromise functionality, esthetics, and
patient satisfaction.

Concerning prosthetic aspects, a report and evaluation
of splinting, as well as its characteristics, is required, as
it further decreases bone stress, and consequently can
improve predictability, impacting on the magnitude of
the overall effect [9, 95, 97-99]. Similarly, the use of inter-
nal connections [100] and smaller diameters (platform
switching) [101] could have a beneficial effect on MBL.
The type of prosthesis retention also needs to be evalu-
ated, as cement-retained prostheses show less failure and
MBL than screw-retained prostheses [102, 103], a factor
that was not considered in the present study. Finally, the
crown-to-implant ratio should be considered to accu-
rately determine its impact on MBL, which also contrib-
utes to clarify the available evidence [104, 105]: at the
moment, only one study reported this parameter.

In relation to the satisfaction and experience of the
patients who were included in the reviewed studies, this
was not evaluated or reported under any validated scale
or any other report, but it has been observed that patients
who receive short implant treatments have greater sat-
isfaction according to the OHIP-14 scale [106]. On the
other hand, patient satisfaction was not considered when
selecting the type of graft to be used, which is relevant in
this type of procedure, since xenografts present less post-
operative pain and operating time, which could mean
an increase in patient satisfaction [107, 108]. Complica-
tions associated with BA surgery occur frequently [3, 4],
including paresthesia of the inferior alveolar nerve [57],
which leads to evident discomfort in patients, and is con-
sidered a complication of low relevance, but which could
be important in the healing period and should be taken
into account when making clinical decisions.

Consequently, RCTs and real-world evidence are
needed to use the aspects mentioned as adjustment
covariates for more complex statistical models, such as
multi-level, hierarchical, frequentist, Bayesian meta-anal-
ysis, or for individual-patient data meta-analysis, gen-
erating results that could be evaluated economically. In
addition, it is also necessary to gather more information
from the patient perspective. Both aspect are considered
very underreported in the present review and in the lit-
erature of the discipline [109]. In addition, more research
is needed on the impact of the interventions evaluated in
the present review on peri-implantitis critical outcomes
in terms of prevalence and incidence. However, there is
an ongoing parallel RCT registry (NCT03524885) com-
paring short implants (4-5 mm) with regular implants
(10-13 mm) plus GBR, which will add information on
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peri-implant bone-level changes, patient satisfaction, and
implant survival at 1-year post-loading.

Conclusions

The available evidence partially suggests that the use of
short implants could decrease implant failure, MBL, and
biological complications, while increasing patient satis-
faction. However, given the need for further RCTs and
real-world evidence to fully evaluate short- and long-
term outcomes, it would be prudent for clinicians to
carefully consider the patient needs and circumstances
before deciding whether to use short implants.

Abbreviations

BA Bone augmentation

@] Confidence interval

MBL Marginal bone loss

QIS Optimal information size

SR/MA Systematic reviews and meta-analysis
RCT Randomized controlled trials

RR Risk ratio

RRR Relative risk reduction

TSA Trial sequential analysis

UR Umbrella review

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540729-023-00476-0.

[ Additional file 1. Supplementary tables and figures. }

Acknowledgements

We also thank Mr. Juan Fernandez, from the Language and Translation
Services of the Faculty of Dentistry, University of Chile, for kindly proofreading
and checking the English of this paper.

Author contributions

GS-R: conceptualization, methodology, data curation, formal analysis, statisti-
cal analysis, writing—original draft, writing—review and editing, visualization;
BO-Z,VM-M and DM-F: data curation, writing—original draft, writing—review
and editing; MB: methodology, formal analysis, statistical analysis, writing—
original draft, writing—review and editing, visualization; SF and KS: review
and editing, visualization, supervision; ES: review and editing, visualization,
supervision; LD: conceptualization, formal analysis, writing—original draft,
writing—review and editing, visualization, supervision, funding acquisition. All
authors read and approved the final manuscript.

Funding
This study was self-funded.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author, LD, upon reasonable request.

Declarations

Ethics approval and consent to participate

Not applicable. We used secondary data that did not require informed
consent in accordance with the International Ethical Guidelines for Health-
related Research Involving Humans prepared by the Council for International
Organizations of Medical Sciences (CIOMS) in collaboration with the World
Health Organization (WHO) in Geneva, 2016.

(2023) 9:18

Page 22 of 25

Consent for publication
All authors have provided their consent for publication.

Competing interests
The authors declare that they have no conflicts of interest.

Author details

'Faculty of Dentistry, Center for Epidemiology and Surveillance of Oral
Diseases, University of Chile, Santiago, Chile. >Faculty of Dentistry, University

of Chile, Santiago, Chile. *Faculty of Dentistry, Postgraduate School, University
of Chile, Santiago, Chile. *Department of Oral and Maxillofacial Surgery, Uni-
versity Medical Center of the Johannes-Gutenberg University, Augustusplatz 2,
55131 Mainz, Germany.

Received: 13 September 2022 Accepted: 28 April 2023
Published online: 04 July 2023

References

1. DiStefano DA, Arosio P, Cappare P, Barbon S, Gherlone EF. Stability of
dental implants and thickness of cortical bone: clinical research and
future perspectives. A systematic review. Materials, 2021;14(23):7183.

2. Cortellini S, Favril C, De Nutte M, Teughels W, Quirynen M. Patient
compliance as a risk factor for the outcome of implant treatment. Peri-
odontol 2000. 2019;81(1):209-25.

3. Urban IA, Montero E, Monje A, Sanz-Sanchez |. Effectiveness of vertical
ridge augmentation interventions: a systematic review and meta-
analysis. J Clin Periodontol. 2019;46(Suppl 21):319-39.

4. Elnayef B, Monje A, Gargallo-Albiol J, Galindo-Moreno P, Wang HL,
Hernandez-Alfaro F. Vertical ridge augmentation in the atrophic
mandible: a systematic review and meta-analysis. Int J Oral Maxillofac
Implants. 2017;32(2):291-312.

5. Heitz-Mayfield LJ, Aaboe M, Araujo M, Carrion JB, Cavalcanti R, Cionca
N, et al. Group 4 [Tl consensus report: risks and biologic complications
associated with implant dentistry. Clin Oral Implants Res. 2018;29(Suppl
16):351-8.

6. Jung RE, Al-Nawas B, Araujo M, Avila-Ortiz G, Barter S, Brodala N, et al.
Group 1 [Tl consensus report: the influence of implant length and
design and medications on clinical and patient-reported outcomes.
Clin Oral Implants Res. 2018;29(Suppl 16):69-77.

7. Merli M, Moscatelli M, Pagliaro U, Mariotti G, Merli |, Nieri M. Implant
prosthetic rehabilitation in partially edentulous patients with bone
atrophy. An umbrella review based on systematic reviews of ran-
domised controlled trials. Eur J Oral Implantol. 2018;11(3):261-80.

8. Papaspyridakos P, De Souza A, Vazouras K, Gholami H, Pagni S, Weber
HP. Survival rates of short dental implants (< 6 mm) compared with
implants longer than 6 mm in posterior jaw areas: a meta-analysis. Clin
Oral Implant Res. 2018;29(Suppl 16):8-20.

9. LiQL, Yao MF, Cao RY, Zhao K, Wang XD. Survival rates of splinted
and nonsplinted prostheses supported by short dental implants
(< 85 mm): a systematic review and meta-analysis. J Prosthodont.
2022;31(1):9-21.

10. Lemos CA, Ferro-Alves ML, Okamoto R, Mendonca MR, Pellizzer EP.
Short dental implants versus standard dental implants placed in
the posterior jaws: a systematic review and meta-analysis. J Dent.
2016;47:8-17.

11. Pollock M, Fernandes RM, Becker LA, Pieper D, Hartling L. Chapter V:
Overviews of reviews. In: Higgins JPT, Thomas J, Chandler J, Cumpston
M, Li T, Page MJ, et al,, editors. Cochrane handbook for systematic
reviews of interventions version 63 (updated February 2022). Cochrane;
2022.

12. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372: n71.

13. Bougioukas KI, Liakos A, Tsapas A, Ntzani E, Haidich AB. Preferred report-
ing items for overviews of systematic reviews including harms checklist:
a pilot tool to be used for balanced reporting of benefits and harms. J
Clin Epidemiol. 2018;93:9-24.


https://doi.org/10.1186/s40729-023-00476-0
https://doi.org/10.1186/s40729-023-00476-0

Saenz-Ravello et al. International Journal of Implant Dentistry

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Papaspyridakos P, Chen CJ, Singh M, Weber HP, Gallucci GO. Suc-

cess criteria in implant dentistry: a systematic review. J Dent Res.
2012,91(3):242-8.

Cuello-Garcia CA, Santesso N, Morgan RL, Verbeek J, Thayer K, Ansari
MT, et al. GRADE guidance 24 optimizing the integration of randomized
and non-randomized studies of interventions in evidence syntheses
and health guidelines. J Clin Epidemiol. 2022;142:200-8.

McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C.
PRESS peer review of electronic search strategies: 2015 guideline state-
ment. J Clin Epidemiol. 2016,75:40.

Landis JR, Koch GG. The measurement of observer agreement for cat-
egorical data. Biometrics. 1977,33(1):159-74. https://doi.org/10.2307/
2529310.

Lunny C, Pieper D, Thabet P, Kanji S. Managing overlap of primary study
results across systematic reviews: practical considerations for authors of
overviews of reviews. BMC Med Res Methodol. 2021;21(1):140.
Hennessy EA, Johnson BT. Examining overlap of included studies in
meta-reviews: guidance for using the corrected covered area index. Res
Synth Methods. 2020;11(1):134-45.

McKenzie JE, Brennan SE, Ryan RE, Thomson HJ, Johnston RV. Chapter 9:
Summarizing study characteristics and preparing for synthesis. In: Hig-
gins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al,, editors.
Cochrane handbook for systematic reviews of interventions version 63
(updated February 2022). Cochrane; 2022.

Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR
2:a critical appraisal tool for systematic reviews that include ran-
domised or non-randomised studies of healthcare interventions, or
both. BMJ. 2017,358: j4008.

Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al.
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ.
2019;366: 14898.

Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan
M, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised
studies of interventions. BMJ. 2016;355:14919.

Schunemann HJ, Cuello C, Akl EA, Mustafa RA, Meerpohl JJ, Thayer K,

et al. GRADE guidelines: 18. How ROBINS-I and other tools to assess risk
of bias in nonrandomized studies should be used to rate the certainty
of a body of evidence. J Clin Epidemiol. 2019;111:105-14.

Balduzzi S, Rucker G, Schwarzer G. How to perform a meta-analysis with
R: a practical tutorial. Evid Based Ment Health. 2019,22(4):153-60.

Zeng L, Brignardello-Petersen R, Hultcrantz M, Siemieniuk RAC,
Santesso N, Traversy G, et al. GRADE guidelines 32: GRADE offers guid-
ance on choosing targets of GRADE certainty of evidence ratings. J Clin
Epidemiol. 2021;137:163-75.

Altaib FH, Alqutaibi AY, Al-Fahd A, Eid S. Short dental implant as alterna-
tive to long implant with bone augmentation of the atrophic posterior
ridge: a systematic review and meta-analysis of RCTs. Quintessence Int.
2019;50(8):2-17.

Amine M, Guelzim Y, Benfaida S, Bennani A, Andoh A. Short implants
(5-8mm) vs long implants in augmented bone and their impact on
peri-implant bone in maxilla and/or mandible: systematic review. J
Stomatol Oral Maxillofac Surg. 2019;120(2):133-42.

Bitaraf T, Keshtkar A, Rokn AR, Monzavi A, Geramy A, Hashemi K.
Comparing short dental implant and standard dental implant in

terms of marginal bone level changes: a systematic review and meta-
analysis of randomized controlled trials. Clin Implant Dent Relat Res.
2019;21(4):796-812.

Camps-Font O, Burgueno-Barris G, Figueiredo R, Jung RE, Gay-Escoda
C, Valmaseda-Castellon E. Interventions for dental implant placement
in atrophic edentulous mandibles: vertical bone augmentation and
alternative treatments. A meta-analysis of randomized clinical trials. J
Periodontol. 2016;87(12):1-23.

Carosi P, Lorenzi C, Laureti M, Ferrigno N, Arcuri C. Short dental implants
(< 6 mm) to rehabilitate severe mandibular atrophy: a systematic
review. Int J Oral Maxillofac Implants. 2021;36(1):30-7.

Dias FJDN, Pecorari VGA, Martins CB, Del Fabbro M, Casati MZ. Short
implants versus bone augmentation in combination with standard-
length implants in posterior atrophic partially edentulous mandibles:
systematic review and meta-analysis with the Bayesian approach. Int J
Oral Maxillofac Surg. 2019;48(1):90-6.

(2023) 9:18

33.

34.

35.

36.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

Page 23 of 25

Esposito M, Buti J, Barausse C, Gasparro R, Sammartino G, Felice P. Short
implants versus longer implants in vertically augmented atrophic man-
dibles: a systematic review of randomised controlled trials with a 5-year
post-loading follow-up. Int J Oral Implantol. 2019;12(3):267-80.

Liang L, Wu X, Yan Q, Shi B. Are short implants (< 8.5 mm) reliable in the
rehabilitation of completely edentulous patients: a systematic review
and meta-analysis. J Prosthet Dent. 2022. https://doi.org/10.1016/j.
prosdent.2022.02.015.

Mezzomo LA, Miller R, Triches D, Alonso F, Shinkai RS. Meta-analysis of
single crowns supported by short (< 10 mm) implants in the posterior
region. J Clin Periodontol. 2014;41(2):191-213.

Nisand D, Picard N, Rocchietta I. Short implants compared to implants
in vertically augmented bone: a systematic review. Clin Oral Implant
Res. 2015;26(Suppl 11):170-9.

Palacios JAV, Garcia JJ, Caramés JMM, Quirynen M, da Silva Marques
DN. Short implants versus bone grafting and standard-length implants
placement: a systematic review. Clin Oral Invest. 2018;22(1):69-80.
Ravida A, Wang IC, Barootchi S, Askar H, Tavelli L, Gargallo-Albiol J,

et al. Meta-analysis of randomized clinical trials comparing clinical and
patient-reported outcomes between extra-short (< 6 mm) and longer
(> 10 mm) implants. J Clin Periodontol. 2019;46(1):118-42.
Starch-Jensen T, Nielsen HB. Prosthetic rehabilitation of the partially
edentulous atrophic posterior mandible with short implants (< 8 mm)
compared with the sandwich osteotomy and delayed placement of
standard length implants (> 8 mm): a systematic review. J Oral Maxil-
lofac Res. 2018;9(2): e2.

Terheyden H, Meijer GJ, Raghoebar GM. Vertical bone augmentation
and regular implants versus short implants in the vertically deficient
posterior mandible: a systematic review and meta-analysis of rand-
omized studies. Int J Oral Maxillofac Surg. 2021,50(9):1249-58.
Tolentino da Rosa de Souza P, BinhameAlbini Martini M, Reis Azevedo-
Alanis L. Do short implants have similar survival rates compared to
standard implants in posterior single crown? A systematic review and
meta-analysis. Clin Implant Dent Relat Res. 2018;20(5):890-901.
Qingchun T, Xingwen Z, Liming Y. Meta-analysis of randomized con-
trolled trials comparing clinical outcomes between short implants and
long implants with bone augmentation procedure. Int J Oral Maxillofac
Implants. 2017;32(1):25.

Toti P, Marchionni S, Menchini-Fabris GB, Marconcini S, Covani U, Barone
A. Surgical techniques used in the rehabilitation of partially edentulous
patients with atrophic posterior mandibles: a systematic review and
meta-analysis of randomized controlled clinical trials. J Cranio-Maxillo-
fac Surg. 2017;45(8):1236-45.

Xu X, Huang J, Fu X, Kuang Y, Yue H, Song J, et al. Short implants versus
longer implants in the posterior alveolar region after an observation
period of at least five years: a systematic review and meta-analysis. J
Dent. 2020;100: 103386.

Yang J, Cheng Z, Shi B. Augmentation of the alveolar ridge compared
with shorter implants in atrophic jaws: a meta-analysis based on ran-
domised controlled trials. Br J Oral Maxillofac Surg. 2016;54(1):68-73.
Yu X, XuR, Zhang Z,Yang Y, Deng F. A meta-analysis indicating extra-
short implants (< 6 mm) as an alternative to longer implants (> 8 mm)
with bone augmentation. Sci Rep. 2021;11(1):8152.

Bernardi S, Gatto R, Severino M, Botticelli G, Caruso S, Rastelli C, et al.
Short versus longer implants in mandibular alveolar ridge augmented
using osteogenic distraction: one-year follow-up of a randomized split-
mouth trial. J Oral Implantol. 2018;44(3):184-91.

Pistilli R, Felice P, Cannizzaro G, Piatelli M, Corvino V, Barausse C, et al.
Posterior atrophic jaws rehabilitated with prostheses supported by 6
mm long 4 mm wide implants or by longer implants in augmented
bone. One-year post-loading results from a pilot randomised controlled
trial. Eur J Oral Implantol. 2013;6(4):359-72.

Felice P, Barausse C, Pistilli V, Piattelli M, Ippolito DR, Esposito M. Poste-
rior atrophic jaws rehabilitated with prostheses supported by 6 mm
long X 4 mm wide implants or by longer implants in augmented bone.
3-year post-loading results from a randomised controlled trial. Eur J Oral
Implantol. 2018;11(2):175-87.

Felice P, Pistilli R, Barausse C, Piattelli M, Buti J, Esposito M. Posterior
atrophic jaws rehabilitated with prostheses supported by 6-mm-long
4-mm-wide implants or by longer implants in augmented bone.


https://doi.org/10.2307/2529310
https://doi.org/10.2307/2529310
https://doi.org/10.1016/j.prosdent.2022.02.015
https://doi.org/10.1016/j.prosdent.2022.02.015

Saenz-Ravello et al. International Journal of Implant Dentistry

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Five-year post-loading results from a within-person randomised con-
trolled trial. Int J Oral Implantol. 2019;12(1):57-72.

Pistilli R, Felice P, Piattelli M, Gessaroli M, Soardi E, Barausse C, et al.
Posterior atrophic jaws rehabilitated with prostheses supported by 5

x 5 mm implants with a novel nanostructured calcium-incorporated
titanium surface or by longer implants in augmented bone. One-

year results from a randomised controlled trial. Eur J Oral Implantol.
2013,6(4):343-57.

Gastaldi G, Felice P, Pistilli V, Barausse C, Ippolito DR, Esposito M.
Posterior atrophic jaws rehabilitated with prostheses supported by 5 X
5 mm implants with a nanostructured calcium-incorporated titanium
surface or by longer implants in augmented bone 3-year results from a
randomised controlled trial. Eur J Oral Implantol. 2018;11(1):49-61.
Esposito M, Barausse C, Pistilli R, Piattelli M, Di Simone S, Ippolito DR,

et al. Posterior atrophic jaws rehabilitated with prostheses supported
by 5 % 5 mm implants with a nanostructured calcium-incorporated
titanium surface or by longer implants in augmented bone. Five-

year results from a randomised controlled trial. Int J Oral Implantol.
2019;12(1):39-54.

Esposito M, Pellegrino G, Pistilli R, Felice P. Rehabilitation of postrior
atrophic edentulous jaws: prostheses supported by 5 mm short
implants or by longer implants in augmented bone? One-year

results from a pilot randomised clinical trial. Eur J Oral Implantol.
2011;4(1):21-30.

Esposito M, Pistilli R, Barausse C, Felice P. Three-year results from a
randomised controlled trial comparing prostheses supported by 5-mm
long implants or by longer implants in augmented bone in posterior
atrophic edentulous jaws. Eur J Oral Implantol. 2014;7(4):383-95.

Felice P, Barausse C, Pistilli R, Ippolito DR, Esposito M. Five-year results
from a randomised controlled trial comparing prostheses supported by
5-mm long implants or by longer implants in augmented bone in pos-
terior atrophic edentulous jaws. Int J Oral Implantol. 2019;12(1):25-37.
Felice P, Pellegrino G, Checchi L, Pistilli R, Esposito M. Vertical augmenta-
tion with interpositional blocks of an organic bovine bone vs. 7-mm-
long implants in posterior mandibles: 1-year results of a randomized
clinical trial. Clin Oral Implants Res. 2010;21(12):1394-403.

Esposito M, Cannizarro G, Soardi E, Pellegrino G, Pistilli R, Felice P. A
3-year post-loading report of a randomised controlled trial on the
rehabilitation of posterior atrophic mandibles: short implants or
longer implants in vertically augmented bone? Eur J Oral Implantol.
2011;4(4):301-11.

Felice P, Cannizzaro G, Barausse C, Pistilli R, Esposito M. Short implants
versus longer implants in vertically augmented posterior mandibles: a
randomised controlled trial with 5-year after loading follow-up. Eur J
Oral Implantol. 2014;7(4):359-69.

Felice P, Barausse C, Pistilli R, Ippolito DR, Esposito M. Short implants
versus longer implants in vertically augmented posterior mandibles:
result at 8 years after loading from a randomised controlled trial. Eur J
Oral Implantol. 2018;11(4):385-95.

Pieri F, Forlivesi C, Caselli E, Corinaldesi G. Short implants (6 mm) vs.
vertical bone augmentation and standard-length implants (> 9 mm)
in atrophic posterior mandibles: a 5-year retrospective study. Int J Oral
Maxillofac Surg. 2017;46(12):1607-14.

Anitua E, LarrazabalSaez de Ibarra N, Morales Martin |, SarachoRotaeche
L. Influence of dental implant diameter and bone quality on the bio-

mechanics of single-crown restoration. A finite element analysis. Dent J.

2021;9(9):103.

Geramy A, Rokn A, Keshtkar A, Monzavi A, Hashemi HM, Bitaraf T. Com-
parison of short and standard implants in the posterior mandible: a 3D
analysis using finite element method. J Dent. 2018;15(2):130-6.
Quaranta A, D'lsidoro O, Bambini F, Putignano A. Potential bone

to implant contact area of short versus standard implants: an

in vitro micro-computed tomography analysis. Implant Dent.
2016;25(1):97-102.

Schiegnitz E, Hill N, Sagheb K, Konig J, Sagheb K, Al-Nawas B. Short ver-
sus standard length implants with sinus floor elevation for the atrophic
posterior maxilla. Acta Stomatol Croat. 2022,56(2):143-53.

Vetromilla BM, Mazzetti T, Pereira-Cenci T. Short versus stand-

ard implants associated with sinus floor elevation: an umbrella

review of meta-analyses of multiple outcomes. J Prosthet Dent.
2021;126(4):503-11.

(2023) 9:18

67.

68.

69.

70.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Page 24 of 25

Gasik M, Lambert F, Bacevic M. Biomechanical properties of bone

and mucosa for design and application of dental implants. Materials.
2021;14(11):2845.

Zhu H, Zhang S, Ahn C. Sample size considerations for split-mouth
design. Stat Methods Med Res. 2017;26(6):2543-51.

Papageorgiou SN, Kloukos D, Petridis H, Pandis N. An assessment

of the risk of bias in randomized controlled trial reports published

in prosthodontic and implant dentistry journals. Int J Prosthodont.
2015;28(6):586-93.

Lundh A, Lexchin J, Mintzes B, Schroll JB, Bero L. Industry sponsorship
and research outcome. Cochrane Database Syst Rev. 2017;2:MR000033.
Alonso-Arroyo A, Tarazona-Alvarez B, Lucas-Dominguez R, Penarrocha-
Oltra D, Vidal-Infer A. The funding sources of implantology research in
the period 2008-2017: a bibliometric analysis. Clin Implant Dent Relat
Res. 2019;21(4):708-14.

Dini C, Pereira MMA, Souza JGS, Shibli JA, de Avila ED, Barao VAR. Asso-
ciation between industry support and the reporting of study outcomes
in randomized clinical trials of dental implant research from the past 20
years. Clin Implant Dent Relat Res. 2022,24(1):94-104.

Pereira MMA, Dini C, Souza JGS, Barao VAR, de Avila ED. Industry sup-
port for dental implant research: a metatrend study of industry partner-
ship in the development of new technologies. J Prosthet Dent. 2022.
https://doi.org/10.1016/j.prosdent.2022.05.026.

Hasegawa T, Sasaki A, Saito |, Arimoto S, Yatagai N, Hiraoka Y, et al. Suc-
cess of dental implants in patients with large bone defect and analysis
of risk factors for implant failure: a non-randomized retrospective
cohort study. Clin Oral Investig. 2022;26(3):2743-50.

Naseri R, Yaghini J, Feizi A. Levels of smoking and dental implants
failure: a systematic review and meta-analysis. J Clin Periodontol.
2020;47(4):518-28.

Lu B, Zhang X, Liu B. A systematic review and meta-analysis on influenc-
ing factors of failure of oral implant restoration treatment. Ann Palliat
Med. 2021;10(12):12664-77.

Hadadi AA, Mezied MS. Evidence-based analysis of the effect of
smoking on osseointegrated implant outcome. Natl J Maxillofac Surg.
2021;12(2):133-8.

Alfadda SA. Current evidence on dental implants outcomes in smokers
and nonsmokers: a systematic review and meta-analysis. J Oral Implan-
tol. 2018;44(5):390-9.

Zhou'Y, Gao J, Luo L, Wang Y. Does bruxism contribute to dental
implant failure? A systematic review and meta-analysis. Clin Implant
Dent Relat Res. 2016;18(2):410-20.

Antoun H, Karouni M, Abitbol J, Zouiten O, Jemt T. A retrospective study
on 1592 consecutively performed operations in one private referral
clinic. Part I: early inflammation and early implant failures. Clin Implant
Dent Relat Res. 2017;19(3):404-12.

Carra MC, Range H, Swerts PJ, Tuand K, Vandamme K, Bouchard P.
Effectiveness of implant-supported fixed partial denture in patients
with history of periodontitis: a systematic review and meta-analysis. J
Clin Periodontol. 2022;49(Suppl 24):208-23.

Lin CY, Chen Z, Pan WL, Wang HL. Is history of periodontal disease still

a negative risk indicator for peri-implant health under supportive post-
implant treatment coverage? A systematic review and meta-analysis.
Int J Oral Maxillofac Implants. 2020;35(1):52-62.

Chrcanovic BR, Albrektsson T, Wennerberg A. Bone quality and quantity
and dental implant failure: a systematic review and meta-analysis. Int J
Prosthodont. 2017;30(3):219-37.

Goiato MC, dos Santos DM, Santiago JF Jr, Moreno A, Pellizzer EP. Lon-
gevity of dental implants in type IV bone: a systematic review. Int J Oral
Maxillofac Surg. 2014;43(9):1108-16.

Khouly I, Braun RS, Chambrone L. Antibiotic prophylaxis may not

be indicated for prevention of dental implant infections in healthy
patients. A systematic review and meta-analysis. Clin Oral Investig.
2019,23(4):1525-53.

Rodriguez Sanchez F, Arteagoitia |, Teughels W, Rodriguez Andres C,
Quirynen M. Antibiotic dosage prescribed in oral implant surgery:

a meta-analysis of cross-sectional surveys. PLoS ONE. 2020;15(8):
e0236981.


https://doi.org/10.1016/j.prosdent.2022.05.026

Saenz-Ravello et al. International Journal of Implant Dentistry

87.

88.

89.

90.

91

92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Roca-Millan E, Estrugo-Devesa A, Merlos A, Jane-Salas E, Vinuesa

T, Lopez-Lopez J. Systemic antibiotic prophylaxis to reduce early
implant failure: a systematic review and meta-analysis. Antibiotics.
2021;10(6):698.

Jain A, Rai A, Singh A, Taneja S. Efficacy of preoperative antibiotics in
prevention of dental implant failure: a meta-analysis of randomized
controlled trials. Oral Maxillofac Surg. 2020;24(4):469-75.

Canullo L, Troiano G, Sbricoli L, Guazzo R, Laino L, Caiazzo A, et al. The
use of antibiotics in implant therapy: a systematic review and meta-
analysis with trial sequential analysis on early implant failure. Int J Oral
Maxillofac Implants. 2020;35(3):485-94.

Gomes GH, Misawa MYO, Fernandes C, Pannuti CM, Saraiva L, Huynh-Ba
G, et al. A systematic review and meta-analysis of the survival rate of
implants placed in previously failed sites. Braz Oral Res. 2018;32: e27.
de Oliveira-Neto OB, Lemos CA, Barbosa FT, de Sousa-Rodrigues CF,
Camello de Lima FJ. Immediate dental implants placed into infected
sites present a higher risk of failure than immediate dental implants
placed into non-infected sites: systematic review and meta-analysis.
Med Oral Patol Oral Cir Bucal. 2019;24(4):e518-28.

Chen J, Cai M, Yang J, Aldhohrah T, Wang Y. Immediate versus early or
conventional loading dental implants with fixed prostheses: a system-
atic review and meta-analysis of randomized controlled clinical trials. J
Prosthet Dent. 2019;122(6):516-36.

Han J,Tang Z, Zhang X, Meng H. A prospective, multi-center study
assessing early loading with short implants in posterior regions. A
3-year post-loading follow-up study. Clin Implant Dent Relat Res.
2018;20(1):34-42.

KulkarniV, Uttamani JR, Asar NV, Nares S, Tozum TF. Evidence-based
clinical outcomes of immediate and early loading of short endosse-
ous dental implants: a meta-analysis. Int J Oral Maxillofac Implants.
2021;36(1):59-67.

Pommer B, Barth B, Sanz M, Lopez-Duran M, Polizzi G, Ivanoff CJ, et al.
BR-059 E-poster in basic research. Prospective multi-center study

on extra-short implants in the posterior jaw. Clin Oral Implants Res.
2017;28:131.

Soulami S, Slot DE, van der Weijden F. Implant-abutment emergence
angle and profile in relation to peri-implantitis: a systematic review. Clin
Exp Dent Res. 2022;8(4):795-806.

Pellizzer EP, de Mello CC, Santiago Junior JF, de Souza Batista VE, de Faria
Almeida DA, Verri FR. Analysis of the biomechanical behavior of short
implants: the photo-elasticity method. Mater Sci Eng C Mater Biol Appl.
2015;55:187-92.

Thoma DS, Wolleb K, Schellenberg R, Strauss FJ, Hammerle CHF, Jung
RE. Two short implants versus one short implant with a cantile-

ver: 5-year results of a randomized clinical trial. J Clin Periodontol.
2021;48(11):1480-90.

ZupancicCepic L, Frank M, Reisinger A, Pahr D, Zechner W, Schedle A.
Biomechanical finite element analysis of short-implant-supported,
3-unit, fixed CAD/CAM prostheses in the posterior mandible. Int J
Implant Dent. 2022;8(1):8.

Lemos CAA, Verri FR, Bonfante EA, Santiago Junior JF, Pellizzer EP.
Comparison of external and internal implant-abutment connections for
implant supported prostheses. A systematic review and meta-analysis. J
Dent. 2018;70:14-22.

Mishra SK, Gaddale R, Sonnahalli NK, Chowdhary R. Platform-switching
concept in dental implants: a systematic review and meta-analysis of
randomized controlled trials with a minimum follow-up of 3 years. Int J
Oral Maxillofac Implants. 2021;36(5):97-109.

Jain JK, Sethuraman R, Chauhan S, Javiya P, Srivastava S, Patel R, et al.
Retention failures in cement- and screw-retained fixed restorations on
dental implants in partially edentulous arches: a systematic review with
meta-analysis. J Indian Prosthodont Soc. 2018;18(3):201-11.

Lemos CA, de Souza Batista VE, Aimeida DA, Santiago Junior JF, Verri

FR, Pellizzer EP. Evaluation of cement-retained versus screw-retained
implant-supported restorations for marginal bone loss: a systematic
review and meta-analysis. J Prosthet Dent. 2016;115(4):419-27.
Pellizzer EP, Marcela de Luna Gomes J, Araujo Lemos CA, Minatel L,
Justino de Oliveira Limirio JP, Dantas de Moraes SL. The influence of
crown-to-implant ratio in single crowns on clinical outcomes: a system-
atic review and meta-analysis. J Prosthet Dent. 2021;126(4):497-502.

(2023) 9:18

105.

106.

107.

108.

109.

Page 25 of 25

Fathi A, Rismanchian M, Khodadadi R, Dezaki SN. Does the crown-
implant ratio affect the survival and complications of implant-sup-
ported prostheses? A systematic review. J Prosthet Dent. 2022. https://
doi.org/10.1016/j.prosdent.2022.03.007.

Takeshita K, Naito Y, Kitamura T, Funaki K, Toia M, Stocchero M, et al. Use
of 6-mm short implants in Japanese patients: clinical, radiologic, and
patient satisfaction results in a retrospective study with a 2-year follow-
up. Int J Periodontics Restor Dent. 2022;42(2):205-13.

Velazquez Ol, Tresguerres FGF, Berrocal IL, Tresguerres IF, Lépez-Pintor
RM, Carballido J, et al. Split bone block technique: 4-month results of a
randomised clinical trial comparing clinical and radiographic outcomes
between autogenous and xenogeneic cortical plates. Int J Oral Implan-
tol. 2021;14(1):41-52.

Sanchez-Labrador L, Molinero-Mourelle P, Perez-Gonzalez F, Saez-
Alcaide LM, Brinkmann JC, Martinez JL, et al. Clinical performance of
alveolar ridge augmentation with xenogeneic bone block grafts versus
autogenous bone block grafts. A systematic review. J Stomatol Oral
Maxillofac Surg. 2021;122(3):293-302.

Shi JY, Montero E, Wu XY, Palombo D, Wei SM, Sanz-Sanchez I. Bone
preservation or augmentation simultaneous with or prior to dental
implant placement: a systematic review of outcomes and outcome
measures used in clinical trials in the last 10 years. J Clin Periodontol.
2022. https://doi.org/10.1111/clr.13953.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1016/j.prosdent.2022.03.007
https://doi.org/10.1016/j.prosdent.2022.03.007
https://doi.org/10.1111/clr.13953

	Short implants compared to regular dental implants after bone augmentation in the atrophic posterior mandible: umbrella review and meta-analysis of success outcomes
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Protocol and study design
	Eligibility criteria
	Information sources and selection process
	Data collection process
	Confidence and risk of bias assessment
	Data synthesis and effect measures
	Certainty of the evidence

	Results
	Study selection
	Characteristics of the included studies
	Confidence assessment and risk of bias
	Effects of interventions and summary of findings
	Implant failure
	Marginal bone loss
	Biological complications (before and after loading)
	Prosthesis failures and complications
	Patient-reported outcome measures and other outcomes
	Meta-regression analysis
	Publication bias

	Discussion
	Conclusions
	Anchor 30
	Acknowledgements
	References


