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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

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]:

• 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.

• 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 

https://www.rayyan.ai/
https://www.rayyan.ai/
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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:
• 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].

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 α = 0.05 (z = 1.96), and an “Optimal Informa-
tion Size” calculation α = 0.05 and β = 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/ downl oads. 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 I2 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 

http://www.ctu.dk/tsa/downloads.aspx
http://www.ctu.dk/tsa/downloads.aspx
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performed using the “meta” package in R version 4.2.0 
(http:// www.r- proje ct. 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 

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. 
grade pro. 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, 
κ = 0.785, 95% CI [0.733, 0.838]). After full-text reading 

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

http://www.r-project.org/index.html
https://www.gradepro.org/
https://www.gradepro.org/
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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
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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. epist emoni kos. org/ matri 
xes/ 62abb 8ce7a aac80 c1381 84da).

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 

Table 1 (continued)

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

 favors intervention;  favors comparison;  no differences between groups; ◙ broader,  exact, ◔ narrow
a Gray literature, ❶, ❷, ❸, ❹, ❺, ❽, ❿ years of follow‑up

http://www.epistemonikos.org/matrixes/62abb8ce7aaac80c138184da
http://www.epistemonikos.org/matrixes/62abb8ce7aaac80c138184da


Page 8 of 25Sáenz‑Ravello et al. International Journal of Implant Dentistry            (2023) 9:18 

Ta
bl

e 
2 

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
pr

im
ar

y 
st

ud
ie

s 
in

cl
ud

ed

Re
fe

re
nc

es
St

ud
y 

ch
ar

ac
te

ri
st

ic
s

G
ro

up
Pa

tie
nt

 c
ha

ra
ct

er
is

tic
s

Su
rg

ic
al

 p
ro

to
co

l
Pr

os
th

es
is

 p
ar

am
et

er
s

St
ud

y 
de

si
gn

/
co

un
tr

y/
se

tt
in

g

Fo
llo

w
-u

p
N

o.
 o

f 
pa

rt
ic

ip
an

ts
/

no
. o

f 
im

pl
an

ts

A
ge

/g
en

de
r

M
an

di
bl

e 
ar

ea
/t

yp
e 

ed
en

tu
lis

m

Bo
ne

 
ch

ar
ac

te
ri

st
ic

s 
(h

ei
gh

t/
w

id
th

)

Im
pl

an
t 

sy
st

em
Im

pl
an

t l
en

gt
h/

im
pl

an
t d

ia
m

et
er

A
ug

m
en

ta
tio

n 
m

et
ho

d
Lo

ad
in

g 
tim

e
Re

te
nt

io
n 

m
et

ho
d

Im
pl

an
t–

ab
ut

m
en

t 
co

nn
ec

tio
n

Ty
pe

 o
f g

ra
ft

Ti
m

e 
to

 
im

pl
an

t 
pl

ac
em

en
t

Pi
st

ill
i e

t a
l. 

[4
8]

; F
el

ic
e 

et
 a

l. 
[4

9,
 5

0]

RC
T‑

SM
/

Ita
ly

/p
riv

at
e 

de
nt

al
 c

lin
ic

5Y
Sh

or
t

15
/2

6
56

 (3
7–

69
)/

4M
, 

11
F

M
ol

ar
 a

nd
 p

re
‑

m
ol

ar
/p

ar
tia

l/
po

st
er

io
r

6–
8 

m
m

/>
 5

 m
m

So
ut

he
rn

 
Im

pl
an

ts
®

, 
ro

ug
he

ne
d 

gr
it‑

bl
as

te
d 

su
rf

ac
e 

(S
in

‑
er

gy
™

)

6 
m

m
/4

 m
m

4M
 

te
m

po
ra

ry
/8

M
 

fin
al

Sc
re

w
ed

 o
r 

ce
m

en
te

d
In

te
rn

al
, 

he
xa

go
na

l

Co
nt

ro
l

15
/3

0
56

 (3
7–

69
)/

4M
, 

11
F

M
ol

ar
 a

nd
 p

re
‑

m
ol

ar
/p

ar
tia

l/
po

st
er

io
r

6–
8 

m
m

/>
 5

 m
m

So
ut

he
rn

 
Im

pl
an

ts
®

, 
ro

ug
he

ne
d 

gr
it‑

bl
as

te
d 

su
rf

ac
e 

(S
in

‑
er

gy
 ™

)

11
.5

, 1
3,

 
15

 m
m

/4
 m

m
In

te
rp

os
iti

on
al

 
bl

oc
k 

of
 

Co
lla

ge
na

te
d 

ca
nc

el
lo

us
 

eq
ui

ne
 b

on
e 

(O
st

eo
Bi

ol
®

 
Sp

‑B
lo

ck
, 

Te
cn

os
s®

)

4M
4M

 
te

m
po

ra
ry

/8
M

 
fin

al

Sc
re

w
ed

 o
r 

ce
m

en
te

d
In

te
rn

al
, 

he
xa

go
na

l

Pi
st

ill
i e

t a
l. 

[5
1]

, G
as

ta
ld

i 
et

 a
l. 

[5
2]

, 
Es

po
si

to
 e

t a
l. 

[5
3]

RC
T‑

SM
/

Ita
ly

/p
riv

at
e 

de
nt

al
 c

lin
ic

5Y
Sh

or
t

20
/3

2
58

.6
 

(3
9–

80
)/

3M
, 1

7F
M

ol
ar

 a
nd

 p
re

‑
m

ol
ar

/p
ar

tia
l/

po
st

er
io

r

5–
7 

m
m

/>
 6

 m
m

Ex
Fe

el
, M

eg
a‑

G
en

 Im
pl

an
t®

, 
na

no
‑

st
ru

ct
ur

ed
 

ca
lc

iu
m

–
in

co
rp

or
at

ed
 

tit
an

iu
m

 s
ur

‑
fa

ce
 (X

pe
ed

®
) 

sa
nd

ed
 w

ith
 

hy
dr

ox
ya

pa
‑

tit
e 

pa
rt

ic
le

s

5 
m

m
/5

 m
m

4M
 

te
m

po
ra

ry
/8

m
 

fin
al

Sc
re

w
ed

 o
r 

ce
m

en
te

d
Ex

te
rn

al
, 

he
xa

go
na

l

Co
nt

ro
l

20
/3

1
52

.8
 

(4
2–

70
)/

4M
, 1

1F
M

ol
ar

 a
nd

 p
re

‑
m

ol
ar

/p
ar

tia
l/

po
st

er
io

r

5–
7 

m
m

/>
 6

 m
m

Ex
Fe

el
, M

eg
a‑

G
en

 Im
pl

an
t®

, 
na

no
‑s

tr
uc

‑
tu

re
d 

ca
lc

iu
m

‑
in

co
rp

or
at

ed
 

tit
an

iu
m

 s
ur

‑
fa

ce
 (X

pe
ed

®
) 

sa
nd

ed
 w

ith
 

hy
dr

ox
ya

pa
‑

tit
e 

pa
rt

ic
le

s

10
, 1

1.
5,

 1
3,

 
15

 m
m

/5
 m

m
In

te
rp

os
iti

on
al

 
bl

oc
k 

of
 

co
lla

ge
na

te
d 

ca
nc

el
lo

us
 

bo
vi

ne
 b

on
e 

(O
st

eo
Bi

ol
®

 
Sp

‑B
lo

ck
, 

Te
cn

os
s®

)

4M
4M

 
te

m
po

ra
ry

/8
m

 
fin

al

Sc
re

w
ed

 o
r 

ce
m

en
te

d
Ex

te
rn

al
, 

he
xa

go
na

l



Page 9 of 25Sáenz‑Ravello et al. International Journal of Implant Dentistry            (2023) 9:18  

Ta
bl

e 
2 

(c
on

tin
ue

d)

Re
fe

re
nc

es
St

ud
y 

ch
ar

ac
te

ri
st

ic
s

G
ro

up
Pa

tie
nt

 c
ha

ra
ct

er
is

tic
s

Su
rg

ic
al

 p
ro

to
co

l
Pr

os
th

es
is

 p
ar

am
et

er
s

St
ud

y 
de

si
gn

/
co

un
tr

y/
se

tt
in

g

Fo
llo

w
-u

p
N

o.
 o

f 
pa

rt
ic

ip
an

ts
/

no
. o

f 
im

pl
an

ts

A
ge

/g
en

de
r

M
an

di
bl

e 
ar

ea
/t

yp
e 

ed
en

tu
lis

m

Bo
ne

 
ch

ar
ac

te
ri

st
ic

s 
(h

ei
gh

t/
w

id
th

)

Im
pl

an
t 

sy
st

em
Im

pl
an

t l
en

gt
h/

im
pl

an
t d

ia
m

et
er

A
ug

m
en

ta
tio

n 
m

et
ho

d
Lo

ad
in

g 
tim

e
Re

te
nt

io
n 

m
et

ho
d

Im
pl

an
t–

ab
ut

m
en

t 
co

nn
ec

tio
n

Ty
pe

 o
f g

ra
ft

Ti
m

e 
to

 
im

pl
an

t 
pl

ac
em

en
t

Es
po

si
to

 e
t a

l. 
[5

4,
 5

5]
; F

el
ic

e 
et

 a
l. 

[5
6]

RC
T‑

SM
/

Ita
ly

/p
riv

at
e 

de
nt

al
 c

lin
ic

5Y
Sh

or
t

15
/3

0
58

.6
 (3

9–
80

)/
–

M
ol

ar
 a

nd
 p

re
‑

m
ol

ar
/p

ar
tia

l/
po

st
er

io
r

5–
7 

m
m

/>
 8

 m
m

Ex
Fe

el
, M

eg
a‑

G
en

 Im
pl

an
t®

, 
na

no
‑s

tr
uc

‑
tu

re
d 

ca
lc

iu
m

‑
in

co
rp

or
at

ed
 

tit
an

iu
m

 s
ur

‑
fa

ce
 (X

pe
ed

®
) 

sa
nd

ed
 w

ith
 

hy
dr

ox
ya

pa
‑

tit
e 

pa
rt

ic
le

s

5 
m

m
/6

 m
m

4M
 

te
m

po
ra

ry
/8

m
 

fin
al

Sc
re

w
ed

 o
r 

ce
m

en
te

d
In

te
rn

al
, 

he
xa

go
na

l

Co
nt

ro
l

15
/2

6
52

.8
 (4

2–
70

)/
–

M
ol

ar
 a

nd
 p

re
‑

m
ol

ar
/p

ar
tia

l/
po

st
er

io
r

5–
7 

m
m

/>
 8

 m
m

Ex
Fe

el
, M

eg
a‑

G
en

 Im
pl

an
t®

, 
na

no
‑s

tr
uc

‑
tu

re
d 

ca
lc

iu
m

‑
in

co
rp

or
at

ed
 

tit
an

iu
m

 s
ur

‑
fa

ce
 (X

pe
ed

®
) 

sa
nd

ed
 w

ith
 

hy
dr

ox
ya

pa
‑

tit
e 

pa
rt

ic
le

s

10
, 1

1.
5,

 
13

 m
m

/4
 m

m
In

te
rp

os
i‑

tio
na

l b
lo

ck
 

of
 in

or
ga

ni
c 

bo
vi

ne
 b

on
e 

(B
io

‑O
ss

®
)

4M
4M

 
te

m
po

ra
ry

/8
m

 
fin

al

Sc
re

w
ed

 o
r 

ce
m

en
te

d
In

te
rn

al
, 

he
xa

go
na

l

Fe
lic

e 
et

 a
l. 

[5
7]

, E
sp

os
ito

 
et

 a
l. 

[5
8]

; 
Fe

lic
e 

et
 a

l. 
[5

9,
 6

0]

RC
T‑

SM
/

Ita
ly

/p
riv

at
e 

de
nt

al
 c

lin
ic

8Y
Sh

or
t

25
/6

0
56

 (4
0–

83
)/

7M
, 

23
F

–/
Pa

rt
ia

l/p
os

‑
te

rio
r

7–
8 

m
m

/>
 5

.5
 m

m
N

an
ot

ite
 

pa
ra

lle
l‑w

al
le

d 
Zi

m
m

er
‑

Bi
om

et
 d

en
ta

l 
im

pl
an

ts
®

, –

6.
6 

m
m

/4
 m

m
4M

 
te

m
po

ra
ry

/8
m

 
fin

al

Sc
re

w
ed

 o
r 

ce
m

en
te

d
Ex

te
rn

al
, 

he
xa

go
na

l

Co
nt

ro
l

23
/6

1
55

 (4
3–

67
)/

15
M

, 
15

F
–/

Pa
rt

ia
l/p

os
‑

te
rio

r
7–

8 
m

m
/>

 5
.5

 m
m

N
an

ot
ite

 
pa

ra
lle

l‑w
al

le
d 

Zi
m

m
er

‑
Bi

om
et

 d
en

ta
l 

im
pl

an
ts
®

, –

9.
6,

 1
1.

1,
 1

2.
6,

 
14

.6
 m

m
/4

 m
m

In
te

rp
os

i‑
tio

na
l b

lo
ck

 
of

 in
or

ga
ni

c 
bo

vi
ne

 b
on

e,
 

pa
rt

ic
ul

at
ed

 
(B

io
‑O

ss
®

)

4M
4M

 
te

m
po

ra
ry

/8
m

 
fin

al

Sc
re

w
ed

 o
r 

ce
m

en
te

d
Ex

te
rn

al
, 

he
xa

go
na

l



Page 10 of 25Sáenz‑Ravello et al. International Journal of Implant Dentistry            (2023) 9:18 

Ta
bl

e 
2 

(c
on

tin
ue

d)

Re
fe

re
nc

es
St

ud
y 

ch
ar

ac
te

ri
st

ic
s

G
ro

up
Pa

tie
nt

 c
ha

ra
ct

er
is

tic
s

Su
rg

ic
al

 p
ro

to
co

l
Pr

os
th

es
is

 p
ar

am
et

er
s

St
ud

y 
de

si
gn

/
co

un
tr

y/
se

tt
in

g

Fo
llo

w
-u

p
N

o.
 o

f 
pa

rt
ic

ip
an

ts
/

no
. o

f 
im

pl
an

ts

A
ge

/g
en

de
r

M
an

di
bl

e 
ar

ea
/t

yp
e 

ed
en

tu
lis

m

Bo
ne

 
ch

ar
ac

te
ri

st
ic

s 
(h

ei
gh

t/
w

id
th

)

Im
pl

an
t 

sy
st

em
Im

pl
an

t l
en

gt
h/

im
pl

an
t d

ia
m

et
er

A
ug

m
en

ta
tio

n 
m

et
ho

d
Lo

ad
in

g 
tim

e
Re

te
nt

io
n 

m
et

ho
d

Im
pl

an
t–

ab
ut

m
en

t 
co

nn
ec

tio
n

Ty
pe

 o
f g

ra
ft

Ti
m

e 
to

 
im

pl
an

t 
pl

ac
em

en
t

Be
rn

ar
di

 e
t a

l. 
[4

7]
RC

T‑
SM

/
Ita

ly
/p

riv
at

e 
de

nt
al

 c
lin

ic

1Y
Sh

or
t

36
/8

6
43

–7
7/

–
–/

Pa
rt

ia
l/p

os
‑

te
rio

r
<

 9
 m

m
/–

IM
 M

ac
on

, 
M

ac
o 

D
en

ta
l‑

Ca
re

®

6 
m

m
/4

.1
0 

m
m

–
Ce

m
en

te
d

In
te

rn
al

, 
he

xa
go

na
l

Co
nt

ro
l

36
/8

4
43

–7
7/

–
–/

Pa
rt

ia
l/p

os
‑

te
rio

r
<

 9
 m

m
/–

Co
ni

ca
lA

ct
iv

e,
 

M
ac

o 
D

en
ta

l‑
Ca

re
®

10
 m

m
/3

.9
0 

m
m

Sa
nd

w
ic

h 
te

ch
ni

qu
e,

 
os

te
og

en
ic

 
di

st
ra

c‑
tio

n 
+

 c
ol

‑
la

ge
na

te
d 

ca
nc

el
lo

us
 

eq
ui

ne
 b

on
e 

bl
oc

k 
(T

ec
‑

no
ss

®
)

6M
–

Ce
m

en
te

d
In

te
rn

al
, 

he
xa

go
na

l

Pi
er

i e
t a

l. 
[6

1]
Co

ho
rt

 
st

ud
y/

Ita
ly

/
pr

iv
at

e 
de

n‑
ta

l c
lin

ic

5Y
Sh

or
t

23
/4

6
57

.6
9 
±

 7
.9

3/
–

–/
Pa

rt
ia

l/p
os

‑
te

rio
r

9–
7 

m
m

/–
O

ss
eo

Sp
ee

d™
, 

D
en

st
pl

y 
Im

pl
an

ts
®

6 
m

m
/4

 m
m

4–
5M

 fi
na

l
Sc

re
w

ed
 o

r 
ce

m
en

te
d

In
te

rn
al

, 
he

xa
go

na
l

Co
nt

ro
l

22
/5

1
56

.4
 ±

 8
.2

5/
–

–/
Pa

rt
ia

l/p
os

‑
te

rio
r

9–
7 

m
m

/–
A

st
ra

Te
ch

O
s‑

se
oS

pe
ed

™
, 

D
en

st
pl

y 
Im

pl
an

ts
®

9,
 1

1 
m

m
 o

r 
m

or
e/

3.
5,

 4
 m

m
In

te
rp

os
iti

on
al

 
bl

oc
k 

of
 a

ut
o‑

gr
af

t +
 in

or
‑

ga
ni

c 
bo

vi
ne

 
bo

ne
 p

ar
tic

le
s 

Bi
o‑

O
ss

®
)

4–
5M

4–
5M

 fi
na

l
Sc

re
w

ed
 o

r 
ce

m
en

te
d

In
te

rn
al

, 
he

xa
go

na
l



Page 11 of 25Sáenz‑Ravello et al. International Journal of Implant Dentistry            (2023) 9:18  

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  cm 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, 

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, 

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

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)



Page 14 of 25Sáenz‑Ravello et al. International Journal of Implant Dentistry            (2023) 9:18 

Ta
bl

e 
4 

Su
m

m
ar

y 
of

 fi
nd

in
gs

 ta
bl

e

O
ut

co
m

es
Fo

llo
w

-u
p/

su
bg

ro
up

s
Sa

m
pl

e 
si

ze
* 

(s
tu

di
es

)
Re

la
tiv

e 
eff

ec
t (

95
%

 C
I)

A
nt

ic
ip

at
ed

 a
bs

ol
ut

e 
eff

ec
ts

**
Ce

rt
ai

nt
y 

of
 

th
e 

ev
id

en
ce

 
(G

RA
D

E)
Ri

sk
 w

ith
 re

gu
la

r d
en

ta
l i

m
pl

an
ts

 a
nd

 
bo

ne
 a

ug
m

en
ta

tio
n

Ri
sk

 d
iff

er
en

ce
 w

ith
 

sh
or

t d
en

ta
l i

m
pl

an
ts

 in
 

na
tiv

e 
bo

ne

Im
pl

an
t l

ev
el

 Im
pl

an
t f

ai
lu

re
 

(b
ef

or
e 

an
d 

af
te

r 
lo

ad
in

g)

1 
ye

ar
49

8 
(5

 R
C

Ts
)

RR
 0

.3
3 

(0
.1

5 
to

 0
.7

4)
87

 p
er

 1
00

0 
im

pl
an

ts
29

 fe
w

er
 p

er
 1

00
0 

im
pl

an
ts

⨁
⨁
◯

◯
Lo

w
a,

e

D
iff

er
en

ce
: 5

8 
fe

w
er

 p
er

 1
00

0 
im

pl
an

ts
 (7

4 
to

 2
3 

fe
w

er
)

3 
ye

ar
s

32
8 

(4
 R

C
Ts

)
RR

 0
.6

8 
(0

.2
2 

to
 2

.0
6)

53
 p

er
 1

00
0 

im
pl

an
ts

36
 p

er
 1

00
0 

im
pl

an
ts

⨁
◯

◯
◯

Ve
ry

  lo
w

a,
d,

e
D

iff
er

en
ce

: 1
7 

fe
w

er
 p

er
 1

00
0 

im
pl

an
ts

 (4
2 

fe
w

er
 to

 5
6 

m
or

e)

5 
ye

ar
s

42
5 

(4
 R

C
Ts

, 1
 

N
RS

I)
RR

 1
.1

8 
(0

.5
0 

to
 2

.7
9)

45
 p

er
 1

00
9 

im
pl

an
ts

53
 p

er
 1

00
0 

im
pl

an
ts

⨁
◯

◯
◯

Ve
ry

  lo
w

a,
d,

e
D

iff
er

en
ce

: 8
 m

or
e 

pe
r 1

00
0 

pa
tie

nt
s 

(2
3 

fe
w

er
 to

 8
1 

m
or

e)

8 
ye

ar
s

12
1 

(1
 R

C
T)

RR
 1

.6
9 

(0
.4

2 
to

 6
.7

8)
49

 p
er

 1
00

0 
im

pl
an

ts
83

 m
or

e 
pe

r 1
00

0 
im

pl
an

ts
⨁
◯

◯
◯

Ve
ry

  lo
w

a,
d,

e

D
iff

er
en

ce
: 3

4 
m

or
e 

pe
r 1

00
0 

pa
tie

nt
s 

(2
9 

fe
w

er
 to

 2
84

 m
or

e)

 M
ar

gi
na

l b
on

e 
lo

ss
 (c

ha
ng

e 
fro

m
 b

as
el

in
e)

1 
ye

ar
20

9 
(4

 R
C

Ts
, 1

 
N

RS
I)

–
Th

e 
m

ea
n 

M
BL

 ra
ng

ed
 fr

om
 0

.7
5 

to
 

1.
25

 m
m

M
D

 0
.0

7 
m

m
 lo

w
er

 (0
.1

4 
lo

w
er

 to
 0

.0
1 

hi
gh

er
)

⨁
◯

◯
◯

Ve
ry

  lo
w

a,
b,

c,
e,

g

3 
ye

ar
s

14
2 

(4
 R

C
Ts

)
–

Th
e 

m
ea

n 
M

BL
 ra

ng
ed

 fr
om

 1
.3

9 
to

 
1.

76
 m

m
M

D
 0

.3
2 

m
m

 lo
w

er
 (0

.4
4 

lo
w

er
 to

 0
.1

9 
lo

w
er

)
⨁
⨁
◯

◯
Lo

w
a,

f

5 
ye

ar
s

Sh
or

t d
en

ta
l i

m
pl

an
t 

le
ng

th
 o

f 4
 to

 <
 6

 m
m

44
 (2

 R
C

Ts
)

‑
Th

e 
m

ea
n 

M
BL

 ra
ng

ed
 fr

om
 1

.7
 to

 2
.1

 m
m

M
D

 0
.4

5 
m

m
 lo

w
er

 (0
.7

2 
lo

w
er

 to
 0

.1
8 

lo
w

er
)

⨁
⨁
◯

◯
Lo

w
a,

f

Sh
or

t d
en

ta
l i

m
pl

an
t 

le
ng

th
 o

f 6
 to

 8
.5

 m
m

11
9 

(2
 R

C
Ts

, 1
 

N
RS

I)
–

Th
e 

m
ea

n 
M

BL
 ra

ng
ed

 fr
om

 1
.6

1 
to

 
2.

34
 m

m
M

D
 0

.8
4 

m
m

 lo
w

er
 (1

.0
7 

lo
w

er
 to

 0
.6

1 
lo

w
er

)
⨁
⨁
◯

◯
Lo

w
a,

f

8 
ye

ar
s

Sh
or

t d
en

ta
l i

m
pl

an
t 

le
ng

th
 o

f 6
 to

 8
.5

 m
m

47
 (1

 R
C

T)
–

Th
e 

m
ea

n 
M

BL
 w

as
 2

.4
6 

m
m

M
D

 0
.8

8 
m

m
 lo

w
er

 (1
.2

6 
lo

w
er

 to
 0

.5
 lo

w
er

)
⨁
⨁
◯

◯
Lo

w
a,

f



Page 15 of 25Sáenz‑Ravello et al. International Journal of Implant Dentistry            (2023) 9:18  

Ta
bl

e 
4 

(c
on

tin
ue

d)

O
ut

co
m

es
Fo

llo
w

-u
p/

su
bg

ro
up

s
Sa

m
pl

e 
si

ze
* 

(s
tu

di
es

)
Re

la
tiv

e 
eff

ec
t (

95
%

 C
I)

A
nt

ic
ip

at
ed

 a
bs

ol
ut

e 
eff

ec
ts

**
Ce

rt
ai

nt
y 

of
 

th
e 

ev
id

en
ce

 
(G

RA
D

E)
Ri

sk
 w

ith
 re

gu
la

r d
en

ta
l i

m
pl

an
ts

 a
nd

 
bo

ne
 a

ug
m

en
ta

tio
n

Ri
sk

 d
iff

er
en

ce
 w

ith
 

sh
or

t d
en

ta
l i

m
pl

an
ts

 in
 

na
tiv

e 
bo

ne

 B
io

lo
gi

ca
l 

co
m

pl
ic

at
io

ns
 

(b
ef

or
e 

an
d 

af
te

r 
lo

ad
in

g)

1 
ye

ar
Sh

or
t d

en
ta

l i
m

pl
an

t 
le

ng
th

 o
f 4

 to
 <

 6
 m

m
11

9 
(2

 R
C

Ts
)

RR
 0

.4
8 

(0
.2

5 
to

 0
.9

3)
29

5 
pe

r 1
00

0 
im

pl
an

ts
14

2 
pe

r 1
00

0 
im

pl
an

ts
⨁
◯

◯
◯

Ve
ry

  lo
w

a,
d,

e

D
iff

er
en

ce
: 1

53
 fe

w
er

 p
er

 1
00

0 
im

pl
an

ts
 (2

21
 fe

w
er

 to
 2

1 
fe

w
er

)

Sh
or

t d
en

ta
l i

m
pl

an
t 

le
ng

th
 o

f 6
 to

 8
.5

 m
m

37
9 

(3
 R

C
Ts

)
RR

 0
.1

2 
(0

.0
4 

to
 0

.3
2)

18
8 

pe
r 1

00
0 

im
pl

an
ts

23
 p

er
 1

00
0 

im
pl

an
ts

⨁
⨁
⨁
◯

M
od

er
at

ea

D
iff

er
en

ce
: 1

65
 fe

w
er

 p
er

 1
00

0 
im

pl
an

ts
 (1

80
 fe

w
er

 to
 1

28
 fe

w
er

)

3 
ye

ar
s

Sh
or

t d
en

ta
l i

m
pl

an
t 

le
ng

th
 o

f 4
 to

 <
 6

 m
m

11
9 

(2
 R

C
Ts

)
RR

 0
.6

6 
(0

.3
9 

to
 1

.0
9)

47
5 

pe
r 1

00
0 

im
pl

an
ts

31
4 

pe
r 1

00
0 

im
pl

an
ts

⨁
⨁
◯

◯
Ve

ry
  lo

w
a,

d,
e

D
iff

er
en

ce
: 1

61
 fe

w
er

 p
er

 1
00

0 
pa

tie
nt

s 
(2

90
 fe

w
er

 to
 4

3 
m

or
e)

Sh
or

t d
en

ta
l i

m
pl

an
t 

le
ng

th
 o

f 6
 to

 8
.5

 m
m

20
9 

(2
 R

C
Ts

)
RR

 0
.2

1 
(0

.1
0 

to
 0

.4
6)

32
4 

pe
r 1

00
0 

im
pl

an
ts

68
 p

er
 1

00
0 

im
pl

an
ts

⨁
⨁
⨁
◯

M
od

er
at

ea

D
iff

er
en

ce
: 2

56
 fe

w
er

 p
er

 1
00

0 
im

pl
an

ts
 (2

92
 fe

w
er

 to
 1

75
 fe

w
er

)

5 
ye

ar
s

Sh
or

t d
en

ta
l i

m
pl

an
t 

le
ng

th
 o

f 4
 to

 <
 6

 m
m

11
9 

(2
 R

C
Ts

)
RR

 0
.7

7 
(0

.4
2 

to
 1

.4
2)

47
5 

pe
r 1

00
0 

im
pl

an
ts

36
6 

pe
r 1

00
0 

im
pl

an
ts

⨁
◯

◯
◯

Ve
ry

  lo
w

a,
d,

e

D
iff

er
en

ce
: 1

09
 fe

w
er

 p
er

 1
00

0 
im

pl
an

ts
 (2

76
 fe

w
er

 to
 2

00
 m

or
e)

Sh
or

t d
en

ta
l i

m
pl

an
t 

le
ng

th
 o

f 6
 to

 8
.5

 m
m

30
6 

(2
 R

C
Ts

, 1
 

N
RS

I)
RR

 0
.2

2 
(0

.1
2 

to
 0

.4
0)

34
6 

pe
r 1

00
0 

im
pl

an
ts

76
 p

er
 1

00
0 

im
pl

an
ts

⨁
⨁
⨁
◯

M
od

er
at

ea

D
iff

er
en

ce
: 2

70
 fe

w
er

 p
er

 1
00

0 
im

pl
an

ts
 (3

04
 fe

w
er

 to
 2

08
 fe

w
er

)

8 
ye

ar
s

Sh
or

t d
en

ta
l i

m
pl

an
t 

le
ng

th
 o

f 6
 to

 8
.5

 m
m

12
1 

(1
 R

C
T)

RR
 0

.3
4 

(0
.1

7 
to

 0
.6

6)
44

3 
pe

r 1
00

0 
im

pl
an

ts
15

1 
pe

r 1
00

0 
im

pl
an

ts
⨁
⨁
⨁
◯

M
od

er
at

ea

D
iff

er
en

ce
: 2

92
 fe

w
er

 p
er

 1
00

0 
im

pl
an

ts
 (3

67
 fe

w
er

 to
 1

50
 fe

w
er

)

Pr
os

th
et

ic
 le

ve
l

 P
ro

st
he

si
s 

fa
ilu

re
s 

an
d 

co
m

pl
ic

at
io

ns

3 
ye

ar
s

15
4 

(4
 R

C
Ts

)
RR

 0
.6

5 
(0

.2
3 

to
 1

.8
4)

11
7 

pe
r 1

00
0 

im
pl

an
ts

76
 p

er
 1

00
0 

im
pl

an
ts

⨁
◯

◯
◯

Ve
ry

  lo
w

a,
d,

e
D

iff
er

en
ce

: 4
1 

fe
w

er
 p

er
 1

00
0 

pa
tie

nt
s 

(9
0 

fe
w

er
 to

 9
8 

m
or

e)

5 
ye

ar
s

17
6 

(4
 R

C
Ts

, 1
 

N
RS

I)
RR

 0
.9

1 
(0

.4
5 

to
 1

.8
4)

16
1 

pe
r 1

00
0 

im
pl

an
ts

14
7 

pe
r 1

00
0 

im
pl

an
ts

⨁
◯

◯
◯

Ve
ry

  lo
w

a,
d,

e
D

iff
er

en
ce

: 1
4 

fe
w

er
 p

er
 1

00
0 

pa
tie

nt
s 

(8
9 

fe
w

er
 to

 1
35

 m
or

e)

8 
ye

ar
s

48
 (1

 R
C

T)
RR

 1
.2

3 
(0

.3
1 

to
 4

.9
0)

13
0 

pe
r 1

00
0 

im
pl

an
ts

16
0 

pe
r 1

00
0 

im
pl

an
ts

⨁
◯

◯
◯

Ve
ry

  lo
w

a,
d,

e
D

iff
er

en
ce

: 3
0 

m
or

e 
pe

r 1
00

0 
pa

tie
nt

s 
(9

0 
fe

w
er

 to
 5

09
 m

or
e)



Page 16 of 25Sáenz‑Ravello et al. International Journal of Implant Dentistry            (2023) 9:18 

Pa
tie

nt
 o

r p
op

ul
at

io
n:

 a
tr

op
hi

c 
m

an
di

bl
e

Se
tt

in
g:

 p
riv

at
e 

de
nt

al
 c

lin
ic

—
Ita

ly

In
te

rv
en

tio
n:

 s
ho

rt
 d

en
ta

l i
m

pl
an

ts
 in

 n
at

iv
e 

bo
ne

Co
m

pa
ris

on
: r

eg
ul

ar
 d

en
ta

l i
m

pl
an

ts
 a

nd
 b

on
e 

au
gm

en
ta

tio
n

G
RA

D
E 

W
or

ki
ng

 G
ro

up
 g

ra
de

s 
of

 e
vi

de
nc

e—
hi

gh
 c

er
ta

in
ty

: w
e 

ar
e 

ve
ry

 c
on

fid
en

t t
ha

t t
he

 tr
ue

 e
ffe

ct
 li

es
 c

lo
se

 to
 th

at
 o

f t
he

 e
st

im
at

e 
of

 th
e 

eff
ec

t. 
M

od
er

at
e 

ce
rt

ai
nt

y:
 w

e 
ar

e 
m

od
er

at
el

y 
co

nfi
de

nt
 in

 th
e 

eff
ec

t e
st

im
at

e:
 

th
e 

tr
ue

 e
ffe

ct
 is

 li
ke

ly
 to

 b
e 

cl
os

e 
to

 th
e 

es
tim

at
e 

of
 th

e 
eff

ec
t, 

bu
t t

he
re

 is
 a

 p
os

si
bi

lit
y 

th
at

 it
 is

 s
ub

st
an

tia
lly

 d
iff

er
en

t. 
Lo

w
 c

er
ta

in
ty

: o
ur

 c
on

fid
en

ce
 in

 th
e 

eff
ec

t e
st

im
at

e 
is

 li
m

ite
d:

 th
e 

tr
ue

 e
ffe

ct
 m

ay
 b

e 
su

bs
ta

nt
ia

lly
 

di
ffe

re
nt

 fr
om

 th
e 

es
tim

at
e 

of
 th

e 
eff

ec
t. 

Ve
ry

 lo
w

 c
er

ta
in

ty
: w

e 
ha

ve
 v

er
y 

lit
tle

 c
on

fid
en

ce
 in

 th
e 

eff
ec

t e
st

im
at

e:
 th

e 
tr

ue
 e

ffe
ct

 is
 li

ke
ly

 to
 b

e 
su

bs
ta

nt
ia

lly
 d

iff
er

en
t f

ro
m

 th
e 

es
tim

at
e 

of
 e

ffe
ct

CI
 c

on
fid

en
ce

 in
te

rv
al

, M
D

 m
ea

n 
di

ffe
re

nc
e,

 N
RS

I n
on

‑r
an

do
m

iz
ed

 s
tu

dy
 o

f i
nt

er
ve

nt
io

n,
 R

CT
  ra

nd
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l, 
RR

 ri
sk

 ra
tio

Ex
pl

an
at

io
ns

Ri
sk

 o
f b

ia
s:

 a H
ig

h 
ris

k 
of

 b
ia

s 
st

ud
ie

s 
la

rg
el

y 
co

nt
rib

ut
e 

to
 th

e 
w

ei
gh

te
d 

ov
er

al
l e

st
im

at
e 

of
 e

ffe
ct

 d
ue

 to
 th

e 
la

ck
 o

f b
lin

di
ng

 o
f p

ar
tic

ip
an

ts
, s

ur
ge

on
s 

an
d 

ev
al

ua
to

rs
. W

e 
de

ci
de

d 
to

 d
ow

ng
ra

de
 o

nl
y 

on
e 

le
ve

l, 
as

 w
e 

re
co

gn
iz

ed
 th

e 
im

po
ss

ib
ili

ty
 to

 b
lin

d 
th

e 
in

te
rv

en
tio

n 
an

d 
co

m
pa

ris
on

 (e
vi

de
nt

 d
iff

er
en

ce
s 

be
tw

ee
n 

im
pl

an
t l

en
gt

hs
). 

In
 a

dd
iti

on
, w

e 
di

d 
no

t d
ow

ng
ra

de
 d

ue
 to

 th
e 

la
ck

 o
f s

am
pl

e 
si

ze
 c

al
cu

la
tio

ns
 (h

ig
h 

ris
k 

of
 o

th
er

 
bi

as
), 

as
 w

e 
co

ul
d 

pe
rf

or
m

 a
 p

os
t‑

ho
c 

po
w

er
 a

na
ly

si
s 

fo
r t

he
 m

et
a‑

an
al

ys
is

 u
si

ng
 T

SA

In
co

ns
is

te
nc

y:
 b Se

ns
iti

vi
ty

 a
na

ly
si

s:
 th

e 
so

ur
ce

 o
f h

et
er

og
en

ei
ty

 m
ay

 b
e 

du
e 

to
 th

e 
di

ffe
re

nc
es

 o
f t

he
 ri

sk
 o

f b
ia

s 
be

tw
ee

n 
Pi

er
i 2

01
7 

(m
od

er
at

e 
ris

k 
of

 b
ia

s)
 a

nd
 th

e 
ot

he
r R

C
Ts

 (h
ig

h 
ris

k 
of

 b
ia

s)
. W

e 
de

ci
de

d 
to

 d
ow

ng
ra

de
 

on
e 

le
ve

l b
ec

au
se

 o
f t

hi
s. 

c Th
er

e 
is

 a
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t m
od

er
at

e 
to

 h
ig

h 
he

te
ro

ge
ne

ity
 (a

ss
es

se
d 

w
ith

 I2  a
nd

 p
 v

al
ue

). 
Th

er
ef

or
e,

 w
e 

de
ci

de
d 

to
 d

ow
ng

ra
de

 o
ne

 le
ve

l

In
di

re
ct

ne
ss

: w
e 

do
 n

ot
 h

av
e 

se
rio

us
 c

on
ce

rn
s 

re
ga

rd
in

g 
th

e 
in

di
re

ct
 e

vi
de

nc
e 

or
 c

lin
ic

al
 d

iv
er

si
ty

 o
f t

he
 in

cl
ud

ed
 s

tu
di

es
 (P

IC
O

)

Im
pr

ec
is

io
n:

 d W
id

e 
co

nfi
de

nc
e 

in
te

rv
al

s 
th

at
 in

cl
ud

e 
“n

o 
eff

ec
t”

 a
nd

 a
pp

re
ci

ab
le

 b
en

efi
ts

 a
nd

 h
ar

m
s 

(R
R 

le
ss

 th
an

 0
.7

5 
or

 o
ve

r 1
.2

5)
. T

he
re

fo
re

, w
e 

de
ci

de
d 

to
 d

ow
ng

ra
de

 tw
o 

le
ve

ls
. e Th

e 
av

ai
la

bl
e 

nu
m

be
r o

f e
ve

nt
s 

do
es

 
no

t a
llo

w
 to

 re
ac

h 
th

e 
ca

lc
ul

at
ed

 O
pt

im
al

 In
fo

rm
at

io
n 

Si
ze

. T
he

re
fo

re
, w

e 
de

ci
de

d 
to

 d
ow

ng
ra

de
 o

ne
 le

ve
l. 

f A
lth

ou
gh

 th
e 

O
IS

 is
 re

ac
he

d 
by

 p
ow

er
 c

al
cu

la
tio

ns
, a

nd
 in

 c
on

se
qu

en
ce

, i
s 

su
ffi

ci
en

t t
o 

de
te

ct
 s

ta
tis

tic
al

ly
 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s, 
w

e 
de

ci
de

d 
to

 d
ow

ng
ra

de
 o

ne
 le

ve
l b

ec
au

se
 th

er
e 

is
 n

ot
 a

 m
in

im
al

 im
po

rt
an

t d
iff

er
en

ce
 re

po
rt

ed
 in

 th
e 

lit
er

at
ur

e 
th

at
 a

llo
w

s 
an

 a
de

qu
at

e 
cl

in
ic

al
 d

iff
er

en
ce

 e
st

im
at

e.
 g W

id
e 

co
nfi

de
nc

e 
in

te
rv

al
s 

th
at

 in
cl

ud
e 

“n
o 

eff
ec

t”
 a

nd
 a

pp
re

ci
ab

le
 b

en
efi

ts
 a

nd
 h

ar
m

s 
(m

in
im

al
 c

lin
ic

al
 d

iff
er

en
ce

 s
et

 to
 “M

D
 d

iff
er

en
t f

ro
m

 z
er

o”
). 

Th
er

ef
or

e,
 w

e 
de

ci
de

d 
to

 d
ow

ng
ra

de
 o

ne
 le

ve
l

Pu
bl

ic
at

io
n 

bi
as

: w
e 

do
 n

ot
 h

av
e 

se
rio

us
 c

on
ce

rn
s 

re
ga

rd
in

g 
th

e 
pu

bl
ic

at
io

n 
bi

as
 (f

un
ne

l p
lo

t o
bs

er
va

tio
n)

*P
ar

tic
ip

an
ts

 o
r i

m
pl

an
ts

**
Th

e 
ris

k 
in

 th
e 

in
te

rv
en

tio
n 

gr
ou

p 
(a

nd
 it

s 
95

%
 c

on
fid

en
ce

 in
te

rv
al

) i
s 

ba
se

d 
on

 th
e 

as
su

m
ed

 ri
sk

 in
 th

e 
co

m
pa

ris
on

 g
ro

up
 a

nd
 th

e 
re

la
tiv

e 
eff

ec
t o

f t
he

 in
te

rv
en

tio
n 

(a
nd

 it
s 

95
%

 C
I)

O
ut

co
m

es
Fo

llo
w

-u
p/

su
bg

ro
up

s
Sa

m
pl

e 
si

ze
* 

(s
tu

di
es

)
Re

la
tiv

e 
eff

ec
t (

95
%

 C
I)

A
nt

ic
ip

at
ed

 a
bs

ol
ut

e 
eff

ec
ts

**
Ce

rt
ai

nt
y 

of
 

th
e 

ev
id

en
ce

 
(G

RA
D

E)
Ri

sk
 w

ith
 re

gu
la

r d
en

ta
l i

m
pl

an
ts

 a
nd

 
bo

ne
 a

ug
m

en
ta

tio
n

Ri
sk

 d
iff

er
en

ce
 w

ith
 

sh
or

t d
en

ta
l i

m
pl

an
ts

 in
 

na
tiv

e 
bo

ne

Pa
tie

nt
 s

at
is

fa
ct

io
n

 P
at

ie
nt

’s 
tr

ea
t‑

m
en

t p
re

fe
re

nc
e 

si
de

 (s
pl

it‑
m

ou
th

)

1‑
m

on
th

 p
os

t‑
lo

ad
in

g
40

 (1
 R

C
T)

O
ne

 m
on

th
 a

ft
er

 d
el

iv
er

y 
of

 th
e 

de
fin

iti
ve

 p
ro

st
he

se
s, 

an
 in

de
pe

nd
en

t a
ss

es
so

r a
sk

ed
 th

e 
pa

tie
nt

s 
w

hi
ch

 tr
ea

tm
en

t t
he

y 
pr

ef
er

re
d.

 A
ll 

20
 p

at
ie

nt
s 

tr
ea

te
d 

w
ith

 m
an

di
bu

la
r i

m
pl

an
ts

 p
re

fe
rr

ed
 s

ho
rt

 
im

pl
an

ts
 s

id
e 

vs
 c

on
ve

nt
io

na
l l

en
gt

h 
im

pl
an

ts
 p

la
ce

d 
in

 a
ug

m
en

te
d 

bo
ne

 s
id

e 
(p

 <
 0

.0
00

1)

⨁
⨁
◯

◯
Lo

w
a,

e

Co
st

‑e
ffe

ct
iv

en
es

s
Th

er
e 

is
 n

o 
da

ta
 re

ga
rd

in
g 

th
e 

co
st

s, 
or

 o
th

er
 e

co
no

m
ic

 e
va

lu
at

io
n 

th
at

 a
ss

es
s 

th
e 

fo
cu

se
d 

qu
es

tio
n 

of
 th

e 
pr

es
en

t u
m

br
el

la
 re

vi
ew

Ta
bl

e 
4 

(c
on

tin
ue

d)



Page 17 of 25Sáenz‑Ravello et al. International Journal of Implant Dentistry            (2023) 9:18  

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

CI 0.43–1.13, p = 0.14; OIS = 1372 of 4519 implants), with 
no evidence of heterogeneity between studies (I2 = 0%, 
p = 0.75). However, the results of the subgroup analysis 
showed an interaction between follow-up and implant 
failure (I2 = 52.2%, p = 0.10), but not for short implant 
length (I2 = 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; I2 = 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; I2 = 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; I2 = 0%, p = 0.98) (Additional file  1: 
Fig. S1a).

• 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; 
I2 = 0%, p = 0.56) (Additional File 1: Fig. S1b).

• 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; 
I2 = 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 (I2 = 86%, p < 0.00001). 
In this regard, subgroup analysis showed an interaction 
between follow-ups (I2 = 94.2%, p < 0.00001) with MBL, 
but not for short implant length (I2 = 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; I2 = 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; I2 = 91%, p < 0.00001). Hence, 
the results by follow-up showed that:

• 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; I2 = 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; I2 = 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; I2 = 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; I2 = 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, I2 = 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 (I2 = 57%, p = 0.004). Therefore, the results of the 
subgroup analysis showed no interaction between follow-
up and biological complications (I2 = 0%, p = 0.84), in con-
trast to the evident interaction with short dental implant 
length (I2 = 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; 
I2 = 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; I2 = 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; I2 = 0%, p = 0.51) [51, 
54] (Additional file 1: Fig. S3a).

• 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; I2 = 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; I2 = 48%, p = 0.16) [53, 56] 
(Additional file 1: Fig. S3c).

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

• 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; I2 = 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; I2 = 0%, p = 0.75) [49, 
58] (Additional file 1: Fig. S3b).

• 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; I2 = 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 = 378 out of 2787 patients), with evidence of no het-
erogeneity across the studies (I2 = 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 (I2 = 0%, 
p = 0.76; and I2 = 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; I2 = 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; I2 = 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,” 

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 I2 = 70% (p = 0.010) to I2 = 55% (p = 0.08) and overall 
effect (absolute ∆MD = 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, 

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, 
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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 

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.
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