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Abstract

Purpose: To compare clinical and radiographic outcomes of <7 mm short
(SH) implants inserted in native bone vs longer (ST) implants placed in vertically aug-
mented partially edentulous posterior jaws. A further aim was to evaluate if the resid-
ual bone dimension plays a role in the outcomes of SH and extra-SH implants.
Materials and Methods: This review was registered with PROSPERO. An electronic
literature search was performed on PubMed, Scopus and Web of Science. Random-
ized controlled trials (RCTs) with at least 1-year follow-up, comparing fixed prosthe-
ses supported by SH vs ST implants in augmented sites were included. Marginal bone
level (MBL) changes, implant survival rate, and complications were evaluated through
a meta-analysis. Subgroup analysis was performed dividing the SH implants according
to length at each follow-up (1-, 3-, 5-year of function).

Results: Twenty-five articles fulfilled the inclusion criteria, featuring a total of
650 SH implants placed in 415 patients and 685 ST implants placed in 403 patients.
There was a trend for a significantly lower MBL associated with SH implants respect
to ST implants at each follow-up, whilst there was no evidence of a difference in fail-
ure rates between SH and ST implants, for any SH length considered and at any
follow-up. There was evidence for a lower incidence of complications in favor of SH
implants at both 1-year (P <.0001) and 3-year follow-up (P =.01), while at 5-year
follow-up there was no evidence of a difference between SH and ST groups (P = .30).
Conclusion: SH implants supporting partial fixed rehabilitations represent a valuable
alternative to augmentation procedures in the medium term. While the performance of
implants at least 5-mm long is well documented, more studies with at least 5-year follow-

up are needed to confirm the promising outcomes observed with <5 mm-long fixtures.
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1 | INTRODUCTION

Often in atrophic jaws it is not possible to place standard length
(ST) dental implants due to the limited residual vertical height. Clini-
cians are faced with the dilemma, especially in partially edentulous
posterior jaws, whether to augment bone or to place short
(SH) implants. Indeed, following tooth extraction, the bony socket
undergoes a series of adaptive, both vertical and horizontal, modifica-
tions.>? These morphological changes reduce bone height® and often
lead clinicians to opt for more complex and time-consuming tech-
nigues. Indeed, to achieve sufficient vertical bone volume in cases of
atrophic arches, invasive surgical procedures, such as maxillary sinus
floor elevation (SFE), guided bone regeneration (GBR), onlay bone
grafts, distraction osteogenesis, and inferior alveolar nerve tra-
nspositioning have been employed over the past 40 years.** Using
these techniques with or without bone grafting, conventional implants
can be placed in the augmented sites, achieving success and survival
rates typically greater than 90% in long-term evaluations.®” However,
despite the well-documented efficacy of these techniques, some
drawbacks exist, such as increased cost and duration of the treatment,
risk of infections, graft failure, post-operative sinusitis, limited amount
of bone gain.®** Furthermore, high skills of the operators are required
because augmentation procedures are technically demanding.12

At present, less invasive approaches are advocated and encour-
aged by the advances in technology and by the enhanced knowledge
of implant microstructure as well as by the related refinements of
implant design and surface topography.>'® For these reasons,
implants of reduced length (<10 mm) have evolved into a clinically
feasible option to regenerative procedures and ST implant place-
ment.**1¢ Indeed, their use has been claimed to avoid the disadvan-
tages of ST implants in conjunction with augmentation procedures
and has been positively correlated with a decrease of biologic compli-
cations, overall chair time, total cost,® and favorable patient-reported
outcomes.*® Their upsides can be attributed to their ease of place-
ment as they require a less complicated surgical approach; to the
greater likelihood of avoiding advanced bone grafting procedures; to
the possibility to use them in cases when SFE surgery is not applica-
ble due to maxillary sinusitis, maxillary cyst, and other conditions
involving abnormal sinus anatomy.* However, due to the reduced
length, implant site preparation can be difficult because it has to be
very precise without possibilities of corrections. Augmentation pro-
cedures are also related to better esthetic results due to long pros-
thetic crowns rehabilitations associated with SH implants placed in
atrophic jaws.

Besides, the definition of SH implants has been variable through-
out the last decade, gradually evolving to decreased lengths. Stan-
dardization and consistency are needed for a proper assessment of
data drawn from comparative studies over the years. In 2018, Palacios
et al defined a SH implant as being <10 mm in length.}” At present, a
clear definition for SH implant length has not emerged in the litera-
ture, and there are authors determining it to be <6 mm,*® <8 mm,?
or < 10 mm.?° Nevertheless, the current tendency is to classify

H22’23

implants <6 mm as either a SH?! or extra-S implants.

Recent clinical trials have shown positive outcomes in the short
and long-term use of SH and extra-SH implants, reporting survival
rates comparable to those of ST implants.*®172427 These promising
results are currently leading clinicians toward placing shorter implants,
even where native bone is a potentially adequate recipient of longer
counterparts.?®2° However, there is not enough evidence on the per-
formance of restorations supported by SH implants on atrophic jaws.
The global shift in the dental field toward minimally invasive
approaches demands for evidence-based data to enable patient care
with decreased postoperative pain and healing duration.

Thus, the main aim of the present systematic review was to eval-
uate the current evidence on the efficacy of SH and extra-SH implants
inserted in native bone of partially edentulous and atrophic posterior
jaws as compared to ST implants in-augmented sites, based on meta-
analysis of randomized controlled trials (RCTs). Our null hypothesis
was that the peri-implant marginal bone level (MBL) changes, implant
survival rate, biological, technical complications of SH implants
(<7 mm long) were comparable to tonger implants placed in combina-
tion with augmentation procedures, in atrophic alveolar bone. A fur-
ther aim was to evaluate if the residual bone dimension plays a role in

the outcomes of SH and extra-SH implants.

2 | MATERIAL AND METHODS

This systematic review was prepared according to the guidelines of
Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement.%° The focused PICO question of the search3%%2
(Population, Intervention, Comparison, Outcomes) was: “Does residual
bone height (4-7 mm) before implant placement impact on the out-
comes of SH implants (<7 mm) placed in native bone compared to ST
implants (= 7 mm) inserted in regenerated bone?” The review record
has been registered by the International prospective register of sys-
tematic reviews PROSPERO under the identification number
CRD42020166446.

21 | Search strategy

An electronic search on scientific databases (PubMed/Medline,
Scopus, Web of Science) was performed for identifying clinical studies
starting from 2006 using the following terms and keywords alone or
in combination: (short implants OR extra short implants OR ultra-short
implants OR super short implants OR short dental implants OR 5 mm
dental implants OR 6 mm implants OR 7 mm implants OR reduced
implants length OR regular implants OR long implants OR regular
length implants OR standard implants) AND (maxillary sinus OR sinus
floor elevation OR sinus lift OR maxillary sinus augmentation OR
antrum OR crestal approach OR lateral approach OR OSFE OR
BAOSFE OR Summers technique OR interpositional bone graft
OR sandwich graft OR vertical augmentation OR osteotome sinus
floor elevation OR transcrestal sinus floor elevation OR inlay OR onlay
OR bone graft OR bone substitute) AND (maxilla OR maxillae OR
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mandible OR jaws OR dental arches OR partially edentulous OR atro-
phic maxilla OR atrophic mandible). Appropriate syntaxis was used for
each database.

The search was limited to studies published in English language.
The last electronic search was performed on 1 May 2020. In addition
to the electronic search, a hand search was undertaken on the main
Journals in the field of dental implants: Clinical Implant Dentistry and
Related Research, Clinical Oral Implants Research, European Journal of
Oral Implantology, International Journal of Oral Implantology, Implant
Dentistry, International Journal of Periodontics and Restorative Dentistry,
Journal of Clinical Periodontology, Journal of Oral Implantology, Journal
of Oral and Maxillofacial Implants, Journal of Oral and Maxillofacial Sur-
gery, British Journal of Oral and Maxillofacial Surgery, Journal of
Periodontology.

Furthermore, the reference lists of the selected studies and of the
main systematic reviews on short implants were manually screened in
order to identify further eligible studies. A reference manager soft-
ware program (Endnote X9.3.2, Clarivate Analytics) was used and the
duplicates were discarded electronically.

2.2 | Eligibility criteria

2.2.1 | Inclusion criteria

RCTs and prospective controlled trials with at least 1-year follow-up,
that compared dental implants <7 mm-long (SH) inserted in native
bone vs implants 27 mm-long (ST). All implants had to be inserted.in
posterior and partially edentulous mandibular and/or maxillary sites
having a residual bone height of 4-8 mm. In the ST group, edentulous
sites intended for implant placement had to be reconstructed by
grafting procedures, such as maxillary sinus augmentation (either tran-
screstal or lateral approach) and/or inlay technique. Studies with both
parallel and split-mouth design, with at least 10 patients per group,
were included. Patients had to be at least 18 years old. No limitation
regarding prosthesis type, number of implants per patient, loading
protocol (immediate, early or delayed), and timing of implant insertion

respect to augmentation in the ST group (simultaneous or delayed).

222 | Exclusion criteria

In vitro and preclinical studies (animal and computer simulations); case
reports or case series; retrospective observational studies; articles in
which ST implants were inserted in native bone; articles assessing SH
implants in regenerated bone; articles assessing only SH implants;
implants inserted in fresh post-extraction sites; studies in which SH
implants were splinted with ST implants; comparative studies with
less than 10 patients in each group. Studies were also excluded in case
of insufficient information regarding number of patients, number of
implants in the two groups, implant length, follow-up duration, MBL
and/or implant survival separated for each group, and residual bone
height.

2.3 | Focused PICO question

2.3.1 | Participants

Patients with atrophic edentulous ridge of 4 to 8 mm residual height,

candidate for fixed prosthesis supported by dental implants.
Intervention: placement of SH implants (<7 mm-long) in atrophic

edentulous ridges.

2.3.2 | Comparison
ST implants (27 mm-long) inserted in atrophic edentulous ridges

regenerated through augmentation procedures.

2.3.3 | Outcomes

Peri-implant MBL and implant survival rate, in different follow-up
periods (1 year, >1 to 3 years, >3 to 5 years, >5 years) were the pri-
mary outcomes; secondary outcomes were biological or technical

complications at the same follow-up periods.

24 | Selection of studies
The retrieved citations were independently screened by two authors
(VP and Gl), and the relevant studies were identified based on title
and abstract. If title and abstract did not provide sufficient informa-
tion with regards to the inclusion criteria, the full text was obtained
as well. For all eligible studies, the full text was obtained and evalu-
ated to assess if the study met the inclusion criteria. Any disagree-
ments on the selection of studies were resolved by discussion, and a
third reviewer was consulted to make a final decision (MDF). During
full-text assessment, the reasons for excluding articles were
reported.

In case of multiple publications of the same patient population,
only the one with the longest follow-up period was referred to in the

text, and the others were considered for data analysis.

2.5 | Data extraction and method of analysis

Two reviewers (VP and Gl) independently extracted the data of all
included studies using a predesigned extraction form. The software
Microsoft Excel 2016 (Microsoft Office, Microsoft Corporation, Red-
mond, Washington) was used for data collection and for descriptive
analysis. The following data were collected: author(s), study design,
language of publication, year of publication, study design, duration of
the study, residual bone height at the intended implant site, augmen-
tation technique, patients general characteristics (number, mean age,
age range, gender) and local features (residual bone height (RBH),

residual bone width (RBW)), implant characteristics (number, length,
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diameter, location, company, surface, loading), prosthetic characteris-
tics (abutment connection, type of retention, crown to implant ratio,
rehabilitation method), drop-out/lost to follow-up, follow-up duration,
number and timing of implant failures, implant and prosthesis survival
rates, MBL at different follow-ups, number and timing of biologic,
technical/mechanical complications, and patient-centered outcomes.
The primary outcomes included MBL and survival rate of dental
implants. Secondary outcomes were biological or technical complica-
tions. Outcomes were evaluated at 1-year follow-up and at any subse-

quent follow-up reported by the studies.

2.6 | Risk of bias assessment

The risk of bias of the included studies was assessed independently
by two reviewers (VP and Gl), as part of data extraction procedure,
using a modified Cochrane Collaboration's tool for RCTs. As it was
practically unfeasible to keep patients and operators blinded to treat-
ment, the related performance bias (blinding of participants and per-
sonnel) was not accounted for. Each item was answered as yes (low
risk of bias), no (high risk of bias), or unclear. Based on the domains,
the studies were categorized at low risk of bias if all domains were at
low risk; moderate risk of bias if one or more domains were at unclear
risk, and high risk of bias if one or more domains were at high risk.
The ROBINS-I tool was used for non-randomized studies.®® Any dis-
agreement was resolved by discussion or consulting a third reviewer

(MDF) until consensus was achieved.

2.7 | Statistical analysis

For quantitative continuous outcomes like MBL changes, weighted
mean values and weighted mean differences (WMDs) were calculated
at each follow-up considered. For these outcomes, mean differences
and 95% confidence interval (Cl) were used to summarize the results
for each included study. The effect size for quantitative primary out-
come was estimated using the WMD. For quantitative dichotomous
outcomes (implant survival, complications) the effect size was esti-
mated using risk ratio (RR). Meta-analysis was performed using
Review Manager 5.3 software (RevMan 5.3, Version 5.3.5 Copenha-
gen: The Nordic Cochrane Centre, The Cochrane Collaboration,
2014), using the fixed or random effects models, as appropriate. The
heterogeneity was evaluated by Q Cochrane test, the related P values,
and [2.Fixed effects meta-analysis was used when the heterogeneity
was small (2 < 60%, P >.05). When the heterogeneity was large
(i2 > 60%, P < .05), a random-effects model analysis was undertaken.
Parallel group and split mouth studies were combined in the meta-
analysis of treatment effects. Subgroup analysis was performed cate-
gorizing the SH implants according to length (<5 mm; 5 to <6 mm,
6 to <7 mm). Meta-analysis was performed if the data of at least two
studies could be combined. The patient, or the patient's side for split-
mouth studies, was considered as the unit of analysis. Data from split-

mouth studies were combined with data from trials of parallel groups

design by using the generic inverse variance method in RevMan, as
indicated by Elbourne et al.>* Significance level was set at P = 0.05.
Correlation analysis was also undertaken by using the implant length,
the implant diameter, the residual bone height or the residual bone
width as independent variable, and MBL or implant survival rate as
the dependent variable. This analysis was conducted only on the SH
implants at each follow-up. As the individual patients' data were not
available, the mean values of these variables for each study were used
for correlation analysis. The linear correlation coefficient r? was esti-
mated using the appropriate function of Microsoft Excel. Finally, the
quality of evidence for each meta-analysis undertaken was estimated
by using GRADEprofiler software (Version 3.6.1, https://gradepro.
org/). The quality of evidence was downgraded considering risk of
bias, inconsistency, indirectness, imprecision, and publication bias, and
upgraded considering the effect magnitude. Quality was expressed as

high, moderate, low, and very low.

3 | RESULTS

3.1 | Study characteristics

Figure 1 is a flowchart of the screening process. In total, 13 stud-
jes®324¢ were included in this systematic review. For five of

them3>874144 the results were reported in multiple publications, so
that a total of 25 articles®'%35>” were considered in the analysis.

155892 \were excluded after full-text evaluation.

Thirty-six articles
Table 1 reports the list of excluded studies with the main reasons for
exclusion. Table 2 reports the main characteristics of the included
studies. In total, 650 implants shorter than 7 mm were placed in
415 patients and 685 implants of ST were placed in 403 patients that
underwent an augmentation procedure. There were 293 maxillary
sinus augmentations, and 110 mandibular ridge augmentation proce-
dures. As there were three studies with a split-mouth design, that rec-
ruited a total of 80 patients, the total number of patients enrolled in

the 13 studies was 738. Four studies had a follow-up of 1 year,384043

35-37,44

one of 2 years,*® three of 3 years,®4%4 four of 5 years, and

one of 8years41 (Table 2). Six studies have been performed in

35-87.404145 two in China,>>* one each in Brazil® Iran*®

Italy,
Poland,*?> United States,®® and a multicenter study in Austria, Spain,
Switzerland, and United States.** Five studies treated patients in both

35-38,40 8,39,42,44-46

maxilla and mandible, six studies only in the maxilla,

and two only in the mandible.***3

3.2 | Study risk-of-bias

The results of the risk-of-bias assessment for the 13 studies included
is shown in Table 3. Eleven studies were judged at moderate risk of
bias, and two studies at high risk.3®4? Most studies performed a cor-
rect randomization procedure. One of them did not specify the
method for obtaining the randomized sequence,*® though allocation

concealment was appropriate. One study did not provide any detail
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on randomization nor on allocation concealment, though there was a
statement that “The patients were randomly divided into 2 groups.”*?
In most cases, sufficient details were provided for dropouts and with-

drawals, and all outcomes were duly reported.

3.3 | Marginal bone level changes

In general, there was a trend for a lower marginal bone loss associated
with SH implants, especially those shorter than 6 mm, respect to ST
implants at each follow-up (Table 4 and Online Supplementary
Figure S1 a-c). At all follow-ups the overall effect considering the
mean difference (MD) was statistically significant: P = .0009 at 1-year
(MD: —-0.11mm), P =.003 at 3-year (MD: -0.18 mm),
P < 0.0001 at 5-year (MD: —0.18). Only at the 1-year follow-up there
was a significant difference among subgroups that disappeared at 3-

and

and 5-year follow-up. Meta-analysis for implants shorter than 5 mm
could be undertaken only for 1-year follow-up, as no included study
reported a longer follow-up for such SH subgroup. The test for sub-
group differences in effects showed a significant difference at 1-year

follow-up (<0.00001), and no significance at 3-year and 5-year follow-

up (P =.08 and P = .95, respectively). Figure 2 shows the weighted

mean values and standard deviations of the MBL in the three sub-
groups of SH implants, and in the ST implants, at each follow-up. The
lower bone level change at 1 year appears to be related with the
shortest implants, though it is derived only from two studies, both
with only a 1-year follow-up.*®*® The data of the longest follow-up
(8-year) belong to a single study.*! The quality of evidence was esti-
mated as moderate at 1-year and 3-year, and low at 5-year follow-up
(reasons for downgrading: risk of bias, inconsistency (heterogeneity
among studies), and imprecision (low sample size) at 5-year; reason

for upgrading: large effect).

3.4 | Implant survival rates

There was no evidence of a difference in survival rates between SH
and ST implants, for any SH length considered and at any follow-up
(Table 5 and Online Supplementary Figure S2a-c). The P-value for the
overall effect was 0.58 at 1 year, 0.80 at 3-year, and 0.28 at 5-year
follow-up. Heterogeneity among studies was moderate and did not
reach significance in any case. The test for subgroup differences in
effects showed no significance at any follow-up (P = .95, P = .22, and

P =.74 at 1-year, 3-year, and 5-year, respectively). The quality of
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TABLE 1 List of excluded studies (#36) and reasons for exclusion

Study & Year
Barausse et al 2019°8
Guarnieri et al 2019°°
Guida et al 2019%°
Gurlek et al 2019¢*
Martinolli et al 201942
Nedir et al 20197¢
Weerapong et al 2019 ¢4
Alonso et al 2018 ¢°
Benlidayi et al 2018 ¢¢
Cannizzaro et al 2018 7
Han et al 2018 ¢®

Naenni et al 2018 ¢°
Storelli et al 2018 7°
Svezia et al 2018 7*
Taschieri et al 2018 73
Taschieri et al 2018 72
Zadeh et al 2018 7*
Makowiecki et al 2017 73
Malchiodi et al 2017 **
Nedir et al 2017 76
Tabrizi et al 2016 72
Anitua et al 2015 77
Cannizzaro et al 2015 78
De Sanctis et al 2015 7°
Shi et al 2015 8°

Brizuela et al 2014 8%
Romeo et al 2014 71
Cannizzaro et al 2013 83
Kennedy et al 2013 &
Le et al 2013 &
Telleman et al 2012 8¢
Cannizzaro et al 2009 &7
Pjetursson et al 2009 &8
Strietzel et al 2007 &
Ferrigno et al 2006 ?°
Romeo et al 2006 °*

Reason for exclusion

Long implants in not regenerated sites
Long implants in not regenerated sites
Long implants in not regenerated sites
Long implants in not regenerated
Long implants in not regenerated sites
Less than 10 patients per group

Long implants in not regenerated sites
Long implants in not regenerated sites
Long implants in not regenerated sites
Long implants in not regenerated sites
Observational study

Long implants in not regenerated sites
Long implants in not regenerated sites
Long implants in not regenerated sites
Long implants in not regenerated sites
No data on short implants

Long implants in not regenerated sites
Short implants 28 mm

Long implants in not regenerated sites
Less than 10 patients per group

Less than 10 patients per group

Short implants in regenerated sites
Long implants in not regenerated sites
No data on short implants

Trial registration

No detailed data on short implants
Long implants in not regenerated sites
Short implants 28 mm

Less than 10 patients per group
Retrospective study

Short implants 28 mm

Short implants 28 mm

No detailed data on short implants
Short implants 28 mm

Short implants 28 mm

Short implants 28 mm

evidence was estimated as moderate at 1-year and 3-year, and low at
5-year follow-up (reasons for downgrading: risk of bias, and impreci-

sion at 5-year).

3.5 | Complications

Overall, there was evidence for a lower incidence of complications in
favor of SH implants at both 1-year (P =.002) and 3-year follow-up
(P =.05), while there was no evidence of a difference between SH

and ST groups at 5-year follow-up (P = .30) (Table 6 and Online Sup-
plementary Figure S3a-c). At the 1-year follow-up, only in the sub-
group 5 to <6 mm-long the difference in complication rate was not
statistically significant (P = .40). Heterogeneity among studies was sig-
nificant in the subgroup 6 to <7 mm-long at all follow-ups. In particu-
lar, the study by Thoma et al** consistently showed a trend in favor of
ST implants, as opposed to the other studies. The test for subgroup
differences in effects showed no significance at any follow-up
(P =.41, P =.69, and P = .87 at 1-year, 3-year, and 5-year, respec-
tively). The quality of evidence was estimated as moderate at 1-year,
low at 3-year, and very low at 5-year follow-up (reasons for down-
grading: risk of bias, inconsistency, and imprecision at 5-year; reason
for upgrading: large effect at 1-year).

3.6 | Correlation analysis

Figure 3A-D shows the results of the correlation analysis. No signifi-
cant correlation. was found between implant length and MBL
(r? = 0.00003), implant length and survival (r? = 0.0025), implant diam-
eter and MBL (? =0.064), and implant diameter and survival
(r? =0.04). It was not possible to attempt correlations using the resid-
ual bone height or residual bone width as the independent variable. In
fact, most studies just used RBH and RBW as inclusion criteria, only
reporting the range for inclusion, but very few studies provided actual

mean values for these parameters.

4 | DISCUSSION

This up-to-date review found that implants shorter than 7 mm can be
as effective as standard-length implants in augmented sites for the
rehabilitation of partially edentulous and posterior atrophic jaws. As
compared to previous reviews that investigated the performance of

346.7,12,17,23,242627.93-97 the present one counted on a

SH implants,
wider database and a longer follow-up, and only focused on RCTs
comparing SH implants inserted in edentulous atrophic jaws and ST
implants in reconstructed atrophic jaws, of comparable residual bone
dimension. In fact, several studies were excluded because the residual
bone dimension differed between test and control group (eg, SH
implants in atrophic jaws vs ST implants in non-atrophic edentulous
jaws), or ST implants were inserted without augmentation procedures,
or SH implants were inserted with concomitant augmentation proce-
dures. All these different protocols may contribute to increase the
variability of the outcomes and make difficult to evaluate the actual
performance and the true purpose of SH implants.

This concept was represented in a systematic review published in
2018, that evaluated implant survival and complications of implants
<6 mm long vs implants longer than 6 mm in the posterior jaws.?!
That review included 10 RCTs in which implants were placed in
healed sites, grafted sites, or fresh extraction sockets, irrespective of
the residual bone dimension. The main conclusion of that review was
that SH implants displayed “higher variability and lower predictability
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(Continued)

TABLE 2

Test and control group

(length x diameter, mm)

implants

Number of Number of

patients

Study

Setting

Implant system

Placement protocol

Follow-up Country

Jaw

implants

design

Author/Year

Short: healed sites  Inicell, Thommen medical University Clinic/

Short: 6.5 x 4/4.5/5

China

Max 2y

Short: 38
Long: 41

Short: 20

RCT

Yu et al 2017 ¢

Hospital

AG

Long: grafted sites

Long: 11/12.5 x 4/4.5/5

Long: 18

IEZZI ET AL.

Standard Implants

Thommen Medical AG

NXFOS5/6xx, Zimmer

University Clinic/

Short: 5/6 x 5/6 Short: healed sites

Italy

Max 3y

Short: 16
Long: 18

Short: 10

RCT

Gastaldi et al 2017 4°
Felice et al 2015 °

Hospital/Private

Practice

Biomet

Long: grafted sites

Long: 10/11.5/13 x 5/6

Long: 10

Osseotite I,

NXFOSS5/6xx,

Zimmer Biomet

Abbreviations: Max, maxilla; Mand, mandible; RCT, Randomized Clinical Trial; sm, split-mouth.

in survival rates compared to ST implants after periods of 1-5 years in
function” (indeed only one included study reached 5 years follow-up).
The heterogeneity in protocols might likely have played a role in such
variability.

In the present study, a deeper analysis, undertaken by dividing SH
implants into three subgroups according to the length, showed that
the clinical and radiographic results is substantially independent of the
length, in a range from 4 to 6.6 mm. The evidence regarding SH
implants less than 5-mm long is still scarce as only two RCTs were
included, and both of them only reported data up to 1-year follow-up.
Therefore, a longer follow-up is mandatory to confirm in the medium-
long-term the observed encouraging results for such SH implants as
compared with ST implants in augmented sites. Indeed, two other
RCTs dealing with 4-mm SH .implants were found but had to be
excluded from this review. In one study, 4-mm long implants were
placed in non-atrophic edentulous sites (11.5 mm below maxillary
sinus/12.5 mm above the mandibular canal), and ST implants were
placed in sites with similar RBH without any augmentation proce-
dure.®® In another study, implants of 4, 5, and 6 mm-long were placed
in sites of 4-7 mm RBH, while ST implants were placed in sites with a
mean RBH of 10.17 mm, without regeneration.®? In spite of the inter-
esting results provided, these protocols are not comparable to that
addressed. in our review, because the main clinical indications for SH
implant (being an alternative to demanding and invasive augmentation
procedures) seems not to be met by these studies.

One of the initial aims of this review was to investigate if there
was a correlation between the performance of SH implants in terms
of MBL change, survival rate, and incidence of complications, and the
residual alveolar bone height (RBH) and/or width (RBW). Indeed the
alveolar bone is a tooth-dependent structure that undergoes resorp-
tion and dimensional changes after tooth extraction.”® Even though
the resorption is more evident in the first 6-month period, it continues
throughout life. Several classifications on alveolar bone atrophies are
performed according to anatomic aspects,”® showing dimensional
changes of the alveolar bone over time. Regarding residual alveolar
bone height (RBH) and/or width (RBW), unfortunately, very few

41-43 \while most

among the included studies provided detailed data,
studies just reported a range of RBH or a minimum value of RBW
among the inclusion criteria. In addition, these values may differ
between maxilla and mandible, being generally higher for the latter. A
considerable variation in the range of RBH was found among studies,
going from 3 to 4 mm in the maxilla® to 6 to 8.5 mm for both arches.®®
Rokn et al*® which used SH implants 4-mm long, reported a mean
RBH of 7.9 + 1.4 mm in the mandible, suggesting that even patients
with at least 9 mm RBH were included in the SH group. This may pose
a question about the need for rehabilitating such patients by means of
4-mm long implants. RBW also proved to be quite variable among the
studies, the lower limit being 25 mm in a few studies for both maxilla

3549 while the highest values were 8.46 + 1.29 4? (max-

and mandible,
illa) and 2 8 mm®® (mandible). These disparities imply that the biome-
chanical features and the healing potential of the residual alveolar
bone may considerably vary among the different studies, even if the

considered implant length is similar. Due to such heterogeneity and



IEZZI ET AL.

WILEY_L_*

TABLE 3 Results of the risk of bias assessment

Random sequence Allocation

generation concealment assessment

Blinding of outcome

Incomplete outcome Selective reporting

Study (selection bias) (selection bias) (detection bias) data (Attrition bias)  (reporting bias) Other bias Overall risk
Shi et al®® Low Low Unclear Low Unclear Low Moderate
Felice et al®® Low Low Unclear Low Low Low Moderate
Felice et al® Low Low Unclear Low Low Low Moderate
Esposito etal *”  Low Low Unclear Low Low Low Moderate
Thomaetal*  Low Low Unclear Low Low Low Moderate
Shah et al®® Low Low High Unclear Low Low High
Rokn et al*® Low Low Unclear Unclear Low Low Moderate
Hadzik et al*? High Unclear High Unclear Low Low High
Felice et al** Low Low Unclear Low Low Low Moderate
Bolle et al *° Low Low Unclear Low Low Low Moderate
Yu et al # Unclear Low Low Low Low. Low Moderate
Gastaldietal*®  Low Low Unclear Low Low Low Moderate
Bechara et al® Low Low Unclear Unclear Low. Low Moderate
TABLE 4 Synthetic results for meta-analysis on marginal bone level changes

SH implants No. of Mean difference* Overall effect Quality of
Follow-up length, mm studies N. SH N. ST 12 (P-value) (95% Cl), mm (P-value) evidence
1 year <5 2 49 44 0% (0.96) —-0.18 (-0.19, -0.17) <0.00001 Moderate

5to <6 3 79 77 0% (0.99) —0.18 (-0.29, -0.07 0.001

6to <7 6 244 234 0% (0.60) —0.05 (-0.09, —0.02) 0.006

Total 11 372 355 76% (<0.00001) -0.11(-0.17, -0.04) 0.0009
3-year <5 - - - - - - Moderate

5to <6 3 70 65 0% (<0.0001) —0.29 (-0.43, -0.1¢) <0.0001

6 to <7 6 171 162 68% (0.009) —0.12 (-0.26, 0.02) 0.09

Total 9 241 227 67% (0.002) -0.18 (-0.29, —0.06) 0.003
5-year <5 - - = - - - Low

5to <6 2 51 50 0% (0.81) —0.46 (-0.66, —0.26) <0.00001

6to <7 3 97 99 83% (0.003) —0.48 (-0.89, —0.06) 0.03

Total 5 148 149 65% (0.02) —0.47 (-0.69, —0.24) <0.0001

Abbreviation: Cl, confidence intervals.
“negative values indicate results favoring SH implants.

lack of detailed information on RBH and RBW, it was not possible to
investigate the influence of such parameters on the SH implant
performance.

Nevertheless, a fairly consistent trend was found for the outcome
variables investigated. In spite of a claimed unfavorable crown-to-
implant ratio, that could theoretically lead to biomechanical issues and
excessive stress on the marginal bone,”27:93:94100-102 thare was evi-
dence for a lower MBL change around SH implants, respect to ST
implants, up to 5-year follow-up (Table 4). Regarding failure rate, the
absence of a significant difference between groups (Table 5),
suggested that the loss of an implant is independent of the implant
length, and other factors can be responsible. Regarding the incidence

of complications, there was a trend for less adverse events in the SH

group respect to ST group (Table 6). This might be partly related to
the fact that patients with ST implants underwent an additional sur-
gery, consisting of the augmentation procedure, which could be
related to an increased risk for postoperative complications. Few
studies reported 5-year results for complications. Of these, only the
study by Thoma et al, accounting for 35% of cases (90 patients out of
259), found a greater (though not significant) incidence of complica-
tions for SH implants.** Consequently, absence of significant differ-
ence in complication rate between SH and ST implants in the 5-year
meta-analysis was found. The authors of that study attributed such
drawback to the higher crown-implant ratio of the SH implants, that
might cause some biomechanical disadvantage in the medium term, as

compared to ST implants in grafted sinus.*4
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Regarding the methodological aspect, included studies had a
rather homogeneous risk of bias, none of them being at low risk and

3842 judged at high risk. Indeed, some of the standard

only two studies
items of the Cochrane tools for RCTs were very difficult to address in
the present comparison between treatments. In fact, blinding of par-
ticipants and operators was impossible during surgical procedures and
radiographic assessment, and the surgeons had to know the type of
implants during treatments. For this reason, this type of bias was not
considered in the present review. Blinding of outcome assessment in
some situations might be difficult, but it was decided to keep it among

the items, in analogy with other similar systematic reviews.*? The only

4-<5mm M 5-<6mm M 6-7mm ctr

marginal bone level change, mm

1,00
0,50 I I | I
0,00

1y 3y sy

follow-up, years

8y

FIGURE 2 Weighted mean values and standard deviations of the
marginal bone level change in the three subgroups of SH implants

(4 to <5 mm, 5 to <6 mm, 6 to <7 mm), and in the ST implants.
Significances of the between-group direct comparisons are shown in
Table 4. The least 1-year bone level change appears to be related with
the shortest implants, though it is derived only from two studies, both
with a 1-year follow-up. The data of the longest follow-up (8-year)
derive from a single study

two studies that were judged at overall high risk, were the studies
which had a high-risk score for such item. Mainly due to methodologi-
cal limits, heterogeneity of results among studies, and to limited
cumulative sample size, especially at the 5-year follow-up, the quality
of evidence was estimated to be moderate or low for most analyses,
thereby limiting the strength of recommendations.

The present results are in agreement with other recent systematic
reviews and meta-analyses. In particular the review by Esposito

|12

et al™“ evaluated 5-year outcomes of SH implants vs ST implants in

augmented sites in the mandible only. The authors included only four

35-37.53 which were also included in the present review. In that

articles,
review,? similar outcomes were presented, though there was no dis-
tinction between SH implants of different length, as opposed to the
present study. Another systematic review and meta-analysis focused
on the mandible, included the same four studies as the Esposito et al
review,? but used a Bayesian approach to determine the density of
probability associated to a better survival rate and a greater incidence
of complications for SH and ST implants.”>?* Though similar survival
rates were reported for SH and ST implants, the probability of survival
rate of SH implants being greater than ST implants was found to be
84%, and the probability of complications using SH implants being
greater than ST implants was 15.7%. Therefore, the authors rec-
ommended the use of SH implants when there is sufficient residual
bone for their placement. In a further systematic review, Bitaraf et al
compared SH and ST implants, independent of augmentation proce-
dures and residual bone dimension, and also included 8-mm long
implants in the SH group.”® In spite of these differences, their conclu-
sions were in line with the findings of the present review. In particular,
they found no significant difference in implant failure between groups,
and significant better outcomes in favor of SH implants regarding
complications. Mokcheh et al reported similar findings in a systematic

review focused on the sinus augmentation procedure.”® The studies

TABLE 5 Synthetic results for meta-analysis'on implant survival rate
SH implants Overall effect
Follow-up length, mm No. of studies N. SH N.ST 12 (P-value) Risk ratio* (95% ClI) (P-value) Quality of evidence
1 year <5 2 45 43 N.A. 0.75(0.22, 2.57) 0.65 Moderate
5to <6 3 78 75 0% (0.71) 0.64(0.11, 3.81) 0.63
6to <7 7 286 279 17% (0.30) 0.90 (0.27, 3.04) 0.87
Total 12 409 397 0% (0.61) 0.81(0.39, 1.70) 0.58
3-year <5 - - - - - - Moderate
5to <6 3 70 71 0% (0.87) 1.70(0.43, 6.75) 0.45
6 to <7 6 173 163 0% (0.86) 0.54(0.16, 1.81) 0.32
Total 9 243 234 0% (0.81) 0.89 (0.36, 2.21) 0.80
5-year <5 - - - - - - Low
5to <6 2 54 52 0% (0.88) 1.62(0.41, 6.38) 0.49
6to <7 2 75 78 0% (0.84) 2.39 (0.36, 15.81) 0.37
Total 4 129 130 0% (0.98) 1.85(0.61, 5.62) 0.28

Abbreviations: Cl, confidence intervals; N.A., non-applicable.
2values <1 indicate results favoring SH implants;
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TABLE 6 Synthetic results for meta-analysis on complications rate

SH implants Overall effect
Follow-up length, mm n. of studies N. SH N. ST 12 (P-value) Risk Ratio* (95% Cl) (P-value) Quality of evidence
1 year <5 2 45 43 0% (0.40) 0.29 (0.13,0.61) 0.001 moderate
5to <6 3 78 75 57% (0.13) 0.56 (0.15, 2.15) 0.40
6to <7 5 223 213 71% (0.008) 0.12 (0.02,0.82) 0.03
Total 10 346 331 54% (0.03) 0.29 (0.13, 0.63) 0.002
3-year <5 - - - - - - low
5to <6 & 70 71 0% (0.45) 0.55 (0.35, 0.85) 0.008
6to <7 5 159 148 85% (<0.0001) 0.43(0.15, 1.25) 0.12
Total 8 229 219 76% (0.0002) 0.53(0.28, 1.01) 0.05
5-year <5 - - - - - - very low
5to <6 2 54 52 74% (0.05) 0.62(0.30, 1.31) 0.21
6to <7 2 75 78 88% (0.004) 0.72(0.14, 3.68) 0.69
Total 4 129 130 81% (0.001) 0.69 (0.34, 1.40) 0.30

Abbreviation: Cl, confidence intervals.
3values <1 indicate results favoring SH implants.
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FIGURE 3 Correlation analysis between: A, implant length and marginal bone loss (MBL); B, implant length and implant survival; C, implant
diameter and MBL; D, implant diameter and implant survival

were divided according to the follow-up duration into: short (<1 year), the short and medium term. Finally, a recent systematic review and
medium (1 year) and long term (>1 year). Based on 15 RCTs, they meta-analysis,?? similar to the present review, established a clear
found no significant differences in survival rates between SH and ST demarcation between SH (<6 mm long) and long dental implants

implants at any follow-up, but fewer complications for SH implants in (210 mm long), stating that this was not done in all the previous
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systematic reviews, where the difference in length was in some cases
very small. That review also applied a meta-regression approach to
determine the effect of augmentation procedures and other clinical
covariates on the results. The findings regarding the clinical aspects,
complications and marginal bone remodeling, are in line with the find-
ings of the present review. When evaluating separately the types of
postoperative complications, the authors found significant (P < .05)
advantages for SH implants regarding biological complications, and for
ST implants regarding prosthetic complications.??

However, SH dental implants of course have possible drawbacks:
augmentation procedures allow for more esthetics since SH implants
placed in atrophic jaws are prosthetically characterized by long
crowns; this even if posterior jaws are in most of the cases areas of
low esthetic demanding. They also require, especially ultra-SH ones,
technical skills and a learning curve. On the other hand, augmentation
procedures are more complex to handle, requires several surgical
steps, longer rehabilitative times and are more expensive biologically
and economically. Reconstructive surgeries are nevertheless neces-
sary when bone volumes are not sufficient even for placing the
shortest available implants (4-mm-long).

In any comparison between two treatment options, in addition to
objective clinical-related outcomes, also patient-reported outcomes,
meaning quality of life and satisfaction associated to the two
approaches under comparison, are of primary importance and should
be considered. To date, this specific aspect has not yet been
addressed systematically, also because patient-related outcomes are
sparsely reported in the RCTs published so far on the present topic.

A randomized study by Taschieri et al,”® which was focused on
the comparison between maxillary sinus augmentation and SH
implants in the upper jaw, specifically investigated patient-related out-
comes. The authors found a significant reduction of postoperative dis-
comfort associated with SH implants as compared to ST implants in
augmented sites, and a similar level of patient satisfaction after 1 year.
Based on their findings, the authors suggested that SH implants “may
be preferred due to simplified protocol, less invasiveness, shorter
treatment time, and reduced postoperative discomfort, as compared

to sinus augmentation and ST implants.””®

5 | CONCLUSION

SH implants represent today a valid alternative to more invasive aug-
mentation procedures for fixed. rehabilitations of partially edentulous
and posterior atrophic jaws. The advantages of 5 to 6 mm-long
implants over ST implants, especially in terms of reduced MBL, and
equally effective survival rate, are well documented by studies with
5 years of function or longer. Conversely, studies with at least 5-year
follow-up are urgently needed to confirm the promising outcomes
observed with less than 5 mm-long fixtures.
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