Failures in Single Extra-Short Implants (< 6 mm):
A Systematic Review and Meta-analysis
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Purpose: The aim of this systematic review with meta-analysis was to compare the survival rate of single crowns supported
by extra-short implants (< 6 mm) to those supported by conventional implants, with or without previous maxillary sinus
augmentation. The proportion of failures was described according to the type of complication and follow-up periods.
Materials and Methods: Randomized and prospective clinical trials were selected from six databases and gray literature.
The risk of bias was evaluated by Joanna Briggs Institute Critical Appraisal Checklist, and the certainty of the evidence was
analyzed with Grading of Recommendations Assessment, Development, and Evaluation. Meta-analyses were processed
with RevMan and MedCalc Statistical Software. Results: Single crowns supported by extra-short implants had a similar
risk of failure to those supported by conventional implants, regardless of previous maxillary sinus augmentation (P > .05).
Overall failure proportion of extra-short implants was 5.19%, but it varied according to follow-up (1.18% before loading,
1.56% at 12 months, 1.20% at 24 months, 2.10% at 48 months). Biologic failure complications were 37.90% for bleeding
on probing, 22.45% for peri-implantitis, and 11.29% for infection. Prosthodontics failure complications were 14.88% for
abutment failures and 14.73% for prosthetic screw loosening. Considering the risk of bias, most studies were classified
at moderate risk. Conclusion: The risk of failure of single crowns supported by extra-short implants is similar to those
supported by conventional implants, regardless of previous maxillary sinus augmentation or follow-up period. The most
frequent biologic and prosthetic complications were bleeding on probing and abutment failures, respectively. Int J Oral
Maxillofac Implants 2021;36:669-689. doi: 10.11607/jomi.8689
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he use of short or extra-short implants can be a rele-

vant option to avoid major surgery, such as maxillary
sinus augmentation, bone graft, guided bone regen-
eration, distraction osteogenesis, or inferior alveolar
nerve displacement.? The placement of extra-short
implants also requires less clinical time, interventions,
costs, and patient morbidity, allowing the rehabilita-
tion of the majority of patients.>~* Another advantage is
the absence of complications related to augmentation
procedures, including partial or total rejection of bone
grafting, perforation of the maxillary sinus membrane,
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and/or postoperative sinusitis, inherent to the maxillary
sinus elevation procedures.’

Several studies,’® including systematic reviews,>'°
reported survival rates of extra-short implants close or
similar to conventional implants (> 8 mm). However,
most of these studies refer to the use of splinted extra-
short implants®® or extra-short implants splinted to a
conventional-size implant.” On the other hand, accord-
ing to biomechanical tests, increasing the ratio between
the crown and implant could enlarge the risk fracture
during stress, especially for single crowns."” Occlusal
loads have also been described as a factor that could in-
crease the stress transmitted to the peri-implant bone,
leading to biologic and prosthetic complications.’?

Biologic complications can ultimately result in loss of
osseointegration,’® but a variety of clinical signs such
as inflammation, mucositis, bleeding on probing, sup-
puration, and soft tissue dehiscences are commonly
observed before the implant loss.”* Among prosthetic
complications, abutment or screw loosening are the
most frequent. Since the aforementioned prosthetic
abutment problems are reversible and of reduced clini-
cal complexity,’ they are not well addressed in study
descriptions, but they could be one of the first signs of
future serious problems.
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In the literature, extra-short implant performance is
still controversial. Some studies and reviews reported
higher failure rates of extra-short implants in com-
parison to conventional-size implants associated with
maxillary sinus augmentation,*'>'¢ while others hold
opposite results.'”'® When only nonsplinted single
crowns are evaluated, a recently published systematic
review'? showed that extra-short implants must be in-
dicated with caution in the posterior areas of alveolar
bone since comparisons of long-term follow-ups indi-
cated a poorer survival rate of extra-short implants in
comparison to conventional-size implants (> 6 mm).
The authors also reported the impossibility of per-
forming a meta-analysis for complications, suggesting
that further studies are essential to confirm the find-
ings and to explore the failures in detail. To the best
knowledge of the authors, no previous systematic
review, with a wide approach, evaluated the types or
proportions of extra-short implant failures. In addi-
tion, the inclusion of prospective clinical trials, besides
randomized clinical trials, improves the performance
assessment over the time of single crowns supported
by extra-short implants. It is also allows the possibility
of analyzing its performance according to each follow-
up period.

Finally, the decision criteria for the indication of any
treatment must be based on scientific evidence, sur-
gical/prosthetic risk assessments, and factors related
to the patient.' Thus, this systematic review aimed to
answer the focused question: “What is the failure pro-
portion of single crowns supported by extra-short im-
plants (£ 6 mm) in comparison to those supported by
conventional implants, associated or not with previous
maxillary sinus augmentation?” In addition, the objec-
tive was to describe the proportion of failures accord-
ing to the type of complication and follow-up periods.

MATERIALS AND METHODS

Systematic Review Protocol and Registration
The protocol of this systematic review is in accordance
with the PRISMA-P (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis Protocols).?’ The
protocol registration number is CRD42019141507/
PROSPERO (International Prospective Register of Sys-
tematic Review).?! This systematic review was reported
by following the PRISMA Checklist.??

Eligibility Criteria

Inclusion Criteria. The selected eligible studies were
classified as randomized and prospective clinical trials,
in which patients were rehabilitated with single crowns
supported by extra-short implants (those < 6 mm in
length).?3 The studies should report clearly the follow-
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ups and outcomes (implant failure, biologic and pros-
thetic complications). Included studies were published
in the Latin (Roman) alphabet.

Exclusion Criteria. The implemented exclusion crite-
ria considered the following:

1. Studies in which the sample includes individuals
rehabilitated only with implants longer than 6 mm
or without comparison with extra-short implants
(< 6 mm); or the number of < 6 mm implants placed
were below the minimum of 10

2. Studies with extra-short implants splinting to other
implants or using overdentures or full fixed implant-
supported prostheses

3. Book chapters, reviews of the literature, author
letters, conference documents, abstracts in general,
personal opinions, guidelines, case series (< 20
patients), case report, retrospective studies, protocol
of clinical trials, and finite element analysis

4. Studies that did not present enough data, even after
three attempts of contact with the authors

5. Types of research in which the sample includes
individuals with uncontrolled systemic illnesses

Information Sources and Search Strategy

The search strategy was prepared with the direct assis-
tance of a librarian with expertise in health sciences. The
search was carried out on October 15, 2019. A search
update was performed in August 2020. Keywords and
MeSH terms were selected, and electronic search strat-
egies were developed for each database: (1) Cochrane,
(2) Embase, (3) LILACS, (4) PubMed, (5) Scopus, and (6)
Web of Science. For searches related to grey literature,
Google Scholar, OpenGrey, and ProQuest Dissertations
and Thesis were used, and a manual search of the ref-
erences of included studies was performed. The manu-
scripts were collected and brought together, followed
by the exclusion of duplicates with the aid of a refer-
ence manager (EndNote X7, Thomson Reuters). More
details on the proper truncation and all word combina-
tions for each specific database are available in Appen-
dix 1 (see Appendices in online version of this article at
quintpub.com).

Study Selection

The study selection was done in two phases. In phase
one, two investigators (M.M.B. and D.0O.M.M.) indepen-
dently screened the citations (titles and/or abstracts), us-
ing online software (Rayyan, Qatar Computing Research
Institute). Subsequently, in phase two, the full texts of the
selected studies were evaluated independently, accord-
ing to the eligibility criteria. Any disagreements required
re-analysis of the studies and resolution by consensus or
consulting the third author (P.P).
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Data Collection Process

The same investigators (M.M.B. and D.O.M.M.) inde-
pendently assessed and extracted the data through a
preestablished data collection form (Table 1). A third
author (PP) was involved if any disagreement arose.

Risk of Bias Within Studies

The risk of bias assessment of the selected studies was
performed by the investigators M.M.B. and D.O.M.M,
independently. The Joanna Briggs Institute Critical Ap-
praisal Checklist for Randomized Controlled Trials and
Quasi-Experimental Studies?* was used. Disagreements
were solved by a third reviewer (P.P). The answers to
each of the risk and bias questions were: “Yes (Y),"“No
(N),” or “Unclear (UN)." The risk of bias was categorized
as: (1) high—the studies achieve a “yes” score of up to
49%; (2) moderate—the “yes” score varied from 50% to
69%; and (3) low—the “yes” score exceeds 70%.

Summary Measures

The outcomes evaluated were the risk ratios and pro-
portion of implant failures and the complications (bio-
logic and prosthetic), considered as follows:

« Implant failure: The removal of the implant due to
the absence of osseointegration, implant mobility
without clinical signs of infection, progressive
marginal bone loss, and implant body fracture with
indicated removal®

+ Biologic complications: Pain/swelling, neuropathy,
loss of function, mucositis, peri-implantitis, fistula,
suppuration, and/or exudation®

« Prosthetic complications: Failures of components
and/or superstructure, fracture of veneering
materials, fracturing or loosening of prosthetic
components?

Articles from the same population were selected to
collect accurate data on the exact moment when the
failures occurred. In tables and figures, the articles from
the same studies were kept together.

Synthesis of Results

Two statistical analyses were performed. First, a meta-
analysis of comparison using implant failure risk ratio
(RR) was performed comparing extra-short implants to
conventional-size implants and extra-short implants to
conventional-size implants associated with previous
maxillary sinus augmentation. For this meta-analysis,
only randomized clinical trials were included, and the
RevMan software (Version 5.3, Copenhagen, The Nordic
Cochrane Center, The Cochrane Collaboration, 2014)
was used. Afterward, a proportion meta-analysis was
performed including both types of studies, but consid-
ering only the extra-short implant group. This second

analysis was performed using the MedCalc software
(MedCalc Software; https://www.medcalc.org, 2016).
The implant failure proportion meta-analysis was per-
formed considering the overall failures, before loading,
and at 1, 2, and 4 years of follow-up. A proportion meta-
analysis focusing on the complications of biologic and
prosthetic factors was also performed. The data were
meta-analyzed in conformity with the fixed or random-
effects models. If heterogeneity was considered above
50%, random effects were evaluated; if heterogene-
ity was less than 50%, fixed effects were adopted. The
I2 test was used to calculate statistical heterogeneity,
and the level of significance was 5%. Heterogeneity
was assessed according to Cochrane Handbook recom-
mendations?® and was categorized as follows: (1) might
not be important—values varied from 0% to 40%; (2)
moderate heterogeneity—30% to 60%; (3) substantial
heterogeneity—50% to 90%; and (4) considerable het-
erogeneity—75% to 100%. The meta-analysis results
were graphically represented in forest plots.

Certainty of Evidence Assessment

The overall certainty of evidence was presented, di-
vided by the analyzed groups, using “Grading of
Recommendations Assessment, Development and
Evaluation” (GRADE).?” The Summary of Findings (SoF)
tables were produced on GRADE online software
(GRADEpro GTD). The following domains were consid-
ered: risk of bias, inconsistency, imprecision, indirect-
ness, and publication bias.

RESULTS

Study Selection

In phase one, 3,514 citations were found from the main
electronic databases. After removing the duplicate ci-
tations, the titles and abstracts of 1,374 articles were
evaluated. From the gray literature, 120 studies were
identified (ProQuest returned 20 references, OpenGrey
none, and in Google Scholar, the first 100 references
were considered). Selected records of experts gath-
ered 6 articles during the search update. Therefore, 57
articles comprised phase two, and after the update, the
total was increased to 63 articles. From these remaining
studies, 39 were excluded (see reasons in Appendix 2),
resulting in 24 studies for qualitative and quantitative
analysis. A flowchart summarizes this systematic selec-
tion process (Fig 1).

Study Characteristics

The data of interest were extracted from the 24 select-
ed final articles (Table 1), of which 15 were classified as
randomized clinical trials!3#15-17,28-3441.44 3nd 9 were
classified as prospective clinical trials.'33>-404243 A total
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splinting to other implants or used
over overdentures or full fixed implant-

supported prosthesis (n = 14)
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' 3. Book chapters, reviews, letters, conference,
abstracts, personal opinions, guidelines,
case series, case reports, retrospective
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element finite analysis (n = 6)

4., Studies that did not present enough data,
even after three attempts of contact with
the authors (n =9)

5. Studies in which sample includes patients
with uncontrolled systemic illnesses (n = 1)

Fig1 Flowchart of literature search and selection criteria.

of 657 extra-short implants were placed in the partici-
pants, with a mean age of 51.82 years (only the initial
data were considered when the same study presented
several publications with different follow-ups).

Risk of Bias

Two randomized clinical trials®>?° were judged as high,
three low,3%4* and 10 moderate risk of bias*1>-17.2831-
3441 (Fig 2a). The most biased topic in these studies was
related to similar treatment of groups at the baseline. Six
prospective clinical trials'33>-374243 were judged as low
and three®#-40 as moderate risk of bias (Fig 2b). The most
biased topic in these studies was related to the absence
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of a control group. Further information about the risk of
bias assessment can be found in Appendices 3 and 4.

Synthesis of Results

Qualitative Analysis. The main results of individual
studies are detailed in Table 1. The highest survival rate
was 100%,':317.293233364243 \yith different follow-ups,
ranging from 3,3336 12,1:33242 36,1729 and 60 months.*?
The lowest survival rate was 82.35%3° after a 3-month
follow-up. A longitudinal evaluation involving the same
experiment distributed in three different articles3®40
showed the survival rate of 95% (two lost implants be-
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the same way? L4 ° L4 ° L4 L4 ° ° °
Were outcomes measured in a reliable way? ) ) ) ) ) ) ) ) ®
Was appropriate statistical analysis used? ) ) ) ) ) ) ) ) ™Y

Fig2 Riskof bias summary author’s judgments for each included study, assessed by the (a) Joanna Briggs Institute (JBI) Critical Appraisal Checklist
for Randomized Controlled Trials and (b) Quasi-Experimental Studies, graphically represented by “traffic-light” plot (generated using the software
RevMan).
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Table 1 Characteristics of the Population, Interventions, Outcomes, and Main Conclusions of the Studies (n = 24)

Intervention
Population Implant Surgical parameters (n)

Study 1. n of patients total Implant diameter (n) 1.Timing of implant placement
First author (male; female) 1. Manufacturer Implant 1.Regular (immediate/early/late)*
Year 2. n of patients for this 2. Surface length (n)  (@4.0-@4.7mm) 2.Region of implant placement
Design review 3. Implant-abutment connection 1.=6mm (n) 2. Wide (maxilla — anterior/posterior;
Country 3.Age (meaninyears) (internal vs external) 2.<6mm (n) (24.8-@6.0 mm) mandible — anterior/posterior)
Alonso et al (2018)%¢ 1.n=18(6;12) 1. Straumann 1.n=39 1.n=39 1.NR
Prospective clinical 2.n=18 2.SLActive — Sand-blasted and acid-  2.n=0 2.n=0 2. Maxilla (n = 16) and posterior
trial 3.NR etched surfaces mandible (n =23)
Brazil 3.Internal
Ayna et al (2019)” 1.n= 63(30;33) 1. LGl plus, Hi-Tec 1.n=63 1.n=0 1. Late
Prospective clinical 2.n=63 2.Sand-blasted and acid-etched 2.n=0 2.n=63 2. Posterior maxilla
trial 3.54.68y surfaces
Germany 3.Internal
Bechara et al (2016)"” 1.n=53(19;34) 1. Any-ridge Implants 1.n=45 T.n=1 1. Immediate n = 9/Late n =36
RCT 2.n=33 2. Sand-blasted and acid-etched 2.n=0 2.n=34 2. Posterior maxilla
Lithuanian/Italy/Brazil  3.48.1y surfaces with nano layer of Ca,

3. Internal
Guljé et al (2014)' 1.n=41(20;21) 1. Dentsply Sirona Implants 1.n=21 1.n=21 1. Late
RCT 2.n=21 2. Astra Tech Implant System 2.n=0 2.n=0 2. Posterior maxilla
Netherlands 3.49y OsseoSpeed — fluoride-modified

nanostructure

3.Internal
Guljé et al (2019)* 1.n=38(18;20) 1. Dentsply Sirona Implants 1.n=21 1.n=21 1.Late
RCT 2.n=20 2. Astra Tech Implant System 2.n=0 2.n=0 2. Posterior maxilla
Netherlands 3.50y OsseoSpeed — fluoride-modified

nanostructure

3.Internal
Guljé et al (2015)* 1.n=21(7,14) 1. Dentsply Sirona Implants 1.n=31 1.n=31 1.Late
Prospective clinical 2.n=21 2. Astra Tech Implant System 2.n=0 2.n=0 2. Posterior mandible
trial 3.573y OsseoSpeed — fluoride-modified
Netherlands nanostructure

3.Internal
Guljé et al (2019)% 1.n=21(714) 1. Dentsply Sirona Implants 1.n=31 1.n=31 1. Late
Prospective clinical 2.n=21 2. Astra Tech Implant System 2.n=0 2.n=0 2. Posterior mandible
trial 3.57.3y OsseoSpeed — fluoride-modified
Netherlands nanostructure

3.Internal
Malmstrom et al 1.n=30(11;19) 1. Dentsply Sirona Implants 1.n=25 1.n=25 1. Late
(2016)3' 2.n=NR 2. Astra Tech Implant System 2.n=0 2.n=0 2. Posterior maxillae and mandible
RCT 3.53.6y OsseoSpeed — fluoride-modified
USA nanostructure

3. Internal
Queiroz et al 1.n=23(5;18) 1. Conexao Implants System 1.n=0 1.n=0 1. Late
(2015)% 2.NR(n=15in 2. Master Porous (double acid-etched) 2.n=17 2.n=17 2. Posterior mandible

Prospective clinical
trial
Brazil

implant group with

5.5-and 7-mm lengths

reunited)
3.53y

3.NR

RCT = randomized clinical trial; NR = not reported.
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Outcome
Prosthetic
parameters (n) ) Outcomes (n)
1. Loading protocol Risk factors Number types
(immediate/early/ included/ Proportions
conventional) assessed (yes/no) 1.Dropouts/losses to follow-up (%)

2. Type of restoration
(cemented vs screwed)
3. Follow-up in months
(mean; range)

1. Conventional

2. Screw-retained
3.3 mo afterimplant
placement

1. Immediate (n = 48);
conventional (n = 15)
2. Screw-retained
3.60 mo

1. Conventional
2.Cemented or screw-
retained

3.36 mo afterimplant
placement

1. Conventional
2.Cemented
3.12mo

1. Conventional.
2.Cemented
3.60 mo

1. Conventional
2.Cemented
3.12mo

1. Conventional
2.Cemented
3.60 mo

1. Conventional
2.Cemented
3.24mo

1. Immediate
2.NR
3.3mo

1. Systemic disease
2.Smoking

3. Bruxism

4. Periodontal disease

1. Yes
2.Yes
3.NR
4.Yes

1.No
2.No
3.No
4.No

1. Yes
2.Yes
3.No
4. Yes

1.Yes
2.Yes

4.No

1. Yes
2.Yes
3.NR
4.No

1.No
2.Yes
3.NR
4.No

1.No
2.Yes
3.NR
4.No

1.Yes
2.No
3.NR
4.No

1. Yes
2.No
3.No
4.NR

2. Biologic failure (type/n/time)
3. Prosthetic failure (type/n/time)
4. Failures (early; late)**

5. Marginal bone loss (mean; SD)

1.0
2.NR
3.NR
4.0
5.NR

1.n=0

2.The implant failures with regard to the
parameters assessed (insertion torque, plaque
accumulation, implant width, bone resorption).

n =54 were positive to bleeding on probing (n=8
delayed group; n =46 immediate group); n = NR;
periodontal probing depth increased consistently.
3.n=0

4. Laten=3 (n=1,in the end of the first year; n =2,

in the end of the second year)
5.<2mm

1.n=1;(dead)

2.n=0

3.n=0

4.n=0

5.0.201 (Cl: 0.166-0.236)

1.n=1(moved away)

2.n =5 (loss of osseointegration n = 1; peri-
implant mucositis; n = 4)

3.n =4 (chipping n = 2; lost due to implant failure
n = 1;loosening the screw n=1)

4.n=1 (late)

5.0.12+0.36 mm

W=
3 3 3 5

[TRTINI
[eNeNeNe)

HWN =
3 3 3 5
I
[eNeNeNe)

1.NR

2.n=1(NR)

3.n =1 the abutment screw fractured
4. Early

5.0.45 mm (IQR 0.99)

1.n=0

2.n=3

Bacterial colonization by exposure of the threads
3.NR

4. Early

5.NR

1. Survival rate
(%)/Implant
failure (n/ failure
time)

1.100%/n =0

1.93.7%/
n=3(n=1at
the end of 1 year
and n=2atthe
end of 2 years)

1.100%/n=0

1.100%/n =0

1.94.7%/n =2
(before loading)

1.100%/n =0

1.100%/n =0

1.97%/n =1
(healing phase)

1.82.35%/n=3
(3 mo)

Main conclusions

Short dental implants had primary and
secondary stability affected by the bone type.
When placed in places with deficient bone,
both stabilities were reduced, but with the
placement of the abutment, there was an
increase in secondary stability.

The placement of short unitary implants in
the posterior region of the maxilla obtained
satisfactory clinical findings regarding
immediate and delayed loading. For implants
with immediate loading, there was increased
bone loss throughout the analyzed period
and greater bleeding on probing, especially
between 2 and 3 years.

Both 6-mm and = 10-mm implants in
combination with maxillary sinus elevation
procedures achieved good results within

3 years after loading; the treatment with short
implants (6 mm) had a reduced time and was
less expensive.

After 1 year of follow-up, single crowns
supported by 6-mm and 11-mm implants in
association with elevation of the maxillary
sinus were equally successful.

Considering morbidity and economic aspects,
6-mm-long implants become the first option
in the rehabilitation of the posterior region of
the reabsorbed maxilla. It is concluded that
after 5 years, there was equality between

the 6-mm implants and 11-mm implants
associated with elevating the maxillary sinus
in support of single crowns.

After 1 year of follow-up, single crowns
supported by 6-mm implants (OsseoSpeed
4.0 S) installed in the posterior region of the
resorbed mandible are a stable solution, with
healthy peri-implant soft tissue conditions
and high satisfaction.

After 5 years, single crowns supported by
6-mm implants (OsseoSpeed 4.0 S) placed in
the posterior region of resorbed mandible are
a stable solution, with healthy conditions of
the peri-implant soft tissues, and have high
satisfaction.

Considering 2 years of follow-up, the success
rate was similar between implants with a
rough surface and lengths of 6 and 8 mm,
placed in the posterior region of the mandible
and maxilla, and 11-mm implants.

After 3 mo, short implants had a lower survival
rate than regular implants. However, short
implants can be a reasonable alternative

to severely resorbed jaws to prevent bone
reconstruction prior to implant placement.

The International Journal of Oral & Maxillofacial Implants

675

© 2021 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Badaré et al

Table 1 Characteristics of the Population, Interventions, Outcomes, and Main Conclusions of the Studies (n = 24)

Intervention
Population Implant Surgical parameters (n)
Study 1.n of patients total Implant diameter (n) 1.Timing of implant placement
First author (male; female) 1. Manufacturer Implant 1.Regular (immediate/early/late)*
Year 2. n of patients for this 2. Surface length (n) (@4.0-@4.7mm) 2. Region of implant placement
Design review 3. Implant-abutment connection 1.=6mm (n) 2. Wide (maxilla — anterior/posterior;
Country 3.Age (meaninyears) (internal vs external) 2.<6mm(n) (24.8-@6.0mm) mandible — anterior/posterior)
Rossi et al (2016)3° 1.n =60 (32;28) 1. Straumann 1.n=30 1.n=30 1.Late
RCT 2.n=30 2. SLA modified surface 2.n=0 2.n=0 2. Posterior maxilla and mandible
Italy, Cuba, and 3.48y 3.Internal
Switzerland
1.n=35(13;22) 1. Straumann 1.n=40 1.n=19 1. Early
Rossi et al (2010)%® 2.n=35 2. SLActive modified surface —sand-  2.n=0 2.n=21 2. Posterior maxilla and mandible
Prospective clinical 3.51y blasted and acid-etched surfaces
trial 3.Internal
Italy
1.n=35(13;22) 1. Straumann 1.n=40 1.n=19 1. Early
Rossi et al (2015)3 2.n=35 2.SLActive — sand-blasted and acid-  2.n=0 2.n=21 2. Posterior maxilla and mandible
Prospective clinical 3.51y etched surfaces
trial 3. SynOcta abutment — Internal
Italy
1.n=35(13;22) 1. Straumann 1.n=40 1.n=19 1. Early
Rossi et al (2018)40 2.n=35 2.SLActive — sand-blasted and acid- 2.n=0 2. 21 2. Maxilla and mandible molar and
Prospective clinical 3.51y etched surfaces moderately rough premolar sites
trial surface
Italy/Switzerland 3.Internal
Sahrmann et al (2016)*' 1.96 (NR) 1. Straumann — Standard Plus Tissue 1.n=41 1.n=41 1. Late
RCT 2.n=41 Level Implant 2.n=0 2.n=0 2. Posterior maxilla and mandible
Switzerland 3.52y 2. SLActive — sand-blasted and acid-
etched surfaces
3.Internal
Naenni et al (2018)'® 1.86 (39;47) 1. Straumann — Standard Plus Tissue 1.n=40 1.n=40 1. Late
RCT 2.n=40 Level Implant 2.n=0 2.n=0 2. Posterior maxilla and mandible
Switzerland 3.56y 2. SLActive — sand-blasted and acid-
etched surfaces
3.Internal
Schincaglia et al 1.101 (49;52) 1. Dentsply Implants 1.n=67 1.n=67 1.NR
(2015) 2.n=50 2. Astra Tech Implant System 2.n=0 2.n=0 2. Maxilla posterior
RCT 3.555y OsseoSpeed 4.0 S
Italy/Switzerland/ 3.Internal
Austria/Poland/Spain/
USA
Pohl et al (2017)?° 1.n =101 (NR) 1. Dentsply Sirona Implants 1.n=67 1.n=67 1.Late
RCT 2.n=50 2. Astra Tech Implant System 2.n=0 2.n=0 2. Maxilla posterior
Austria/Switzerland/ 3.NR OsseoSpeed 4.0 S
Poland/Spain/USA 3. Internal

RCT =randomized clinical trial; NR = not reported.
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Outcome
Prosthetic
parameters (n) ) Outcomes (n)
1. Loading protocol Risk factors Number types
(immediate/early/ included/ Proportions
conventional) assessed (yes/no) 1.Dropouts/losses to follow-up (%)
2. Type of restoration 1. Systemic disease 2. Biologic failure (type/n/time) 1. Survival rate
(cemented vs screwed)  2.Smoking 3. Prosthetic failure (type/n/time) (%)/Implant
3. Follow-up in months 3. Bruxism 4. Failures (early; late)** failure (n/ failure
(mean; range) 4. Periodontal disease 5. Marginal bone loss (mean; SD) time) Main conclusions
1. Early 1.No 1.n=0 1.86.7%/n =4 Over 5 years of follow-up, marginal bone loss
2.NR 2.Yes 2.n =4 (Lost osseointegration) (n=1-before was similar for 6- and 10-mm-length implants.
3.60mo 3. Yes 3.n=0 loading;n=2-  However, there was a greater |oss of short
4.No 4. Early/late (n =1, before loading; n = 2, between  betweenthe 24  implants, probably due to the surrounding
the second and third-year follow-ups; n=1, and 36 mo;n= bone fracture.
during the 4-year follow-up period) 1-48 mo)
5.2.30+0.52 (0.14 mm)
1. Conventional 1. Yes 1.n=0 1.95%/n =2 After 45 days, during healing, implants
2.NR 2.Yes 2.n=2lostimplant before loading (in a molar (before loading); with 6 mm in length and moderate surface
3.24mo 3.Yes and premolar region) 100%/n =0 (after roughness, placed with early loading,
4.No 3.n=0 loading) obtained high survival rates and moderate
4. Early (before loading) bone loss after 2 years of loading.
5.0.21£0.39 mm
1. Conventional 1. Yes 1.n=0 1.95%/n =2 Single crowns supported by 6-mm-long
2.Cemented 2.Yes 2.n=2 (before loading)  implants (SLActive — sand-blasted and
3.60 mo 3.Yes Minimal signs of inflammation and 100%/n=0 acid-etched surfaces) with moderate surface
4.No 3.n=0 (after loading) roughness in the posterior region and loaded
4. Early (n = 2, before loading) after 45 days, may have a reduced rate of
5.0.7+0.6 mm marginal bone loss and maintains complete
function for at least 5 years. There was no
mechanical complication.
1. Conventional 1.No 1.n=3(n=1death — 2 implants and 2 not 1.91.7%/n=3 Single crowns supported by 6-mm-long
2. Cemented 2.Yes available to come for reevaluation — 1 implant (n=2-before implants and moderate surface roughness
3.120 mo following 3.No each) loading;n= (SLActive — sandblasted and acid-etched
prosthesis delivery 4.No 2.n =2 (before loading); n =1 (after 7 y): peri- 1-84 mo) surfaces) in the posterior region and loaded
implantitis after 45 days, maintains reduced marginal
3.n=0 bone resorption and complete function for
4. Early/late 10 years.
5. Maxilla: 0.9 + 0.4 mm; mandible: 0.7 + 0.8 mm
1. Immediate 1.No l.n=1 1.98%/n=1(48 With a 3-year follow-up, there was no
2. Screw-retained 2.Yes 2.n=1 (loss of osseointegration — second year  mo) difference between the experimental and
3.36 mo 3.Yes of loading) control implants associated with single
4.Yes 3.n = 3; (loosening of the abutment screw) crowns in the posterior region of the
4. Late mandible, in terms of survival and marginal
5.-0.19£0.62 mm bone tissue level. There was a reduced rate of
technical complications (3.8%) and absence of
biologic complications.
1. Immediate 1.No 1.n=3 1.91%/n=4(n With 5 years of follow-up, although there was
2. Screw-retained 2.Yes 2.n =4 (lost osseointegration; n =1 after 2years; =1-24mo;n=  asmall difference in the survival rate between
3.60 mo 3.Yes n = 3 after 4 years) 3-48mo) 6-mm (91%) and 10-mm (100%) implants,
4.Yes n = 12; probing depth > 5 mm the placement of 6-mm single implants is a
n = 2; bleeding on probing was measured at reasonable alternative for standard-length
> 3 sites implants.
3.n=NR; (minor chipping, screw loosening).
4. Late
5.0.29mm
1. Conventional 1. Yes 1.n =3 (1 died — 2 implants and 2 lost during 1.100%/n =0 There was similarity regarding the clinical
2. Screw-retained or 2.Yes follow-up — 1 implant each) and radiographic performance of 6-mm-long
cemented 3.Yes 2.n =36 peri-implant mucositis observed after implants and larger 11- to 15-mm implants
3.12 mo after loading 4.Yes 12 mo of loading associated with maxillary sinus elevation.
3.NR
4.0
5.-0.22+0.3mm
1. Conventional 1.NR 1.n =5 (1 died; 4 lost during the follow-up) 1.100%/n =0 Single crowns supported by 6-mm-long
2. Screw-retained or 2.Yes 2.n=0 implants in the posterior region of the maxilla
cemented 3. Yes 3.n =9 (loosening/fracture of abutment screw — is a viable solution, in comparison to longer-
3.36 mo after placement 4. Yes n=7/2years and n = 1/3 years; decementation of length implants associated with maxillary
of crown crown - n = 1/2 years) sinus elevation.
4.n=0

5. Premolar region was 0.6 + 0.7 mm; molar region
was 0.4 £0.5mm
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Table 1 Characteristics of the Population, Interventions, Outcomes, and Main Conclusions of the Studies (n = 24)

Study
First author
Year
Design
Country

Shah et al (2018)'6
RCT
USA

Svezia and Casotto
(2018)%8

RCT

Italy

Thoma et al (2015)32
RCT
Switzerland/Austria/
Poland/Spain/USA

Thoma et al (2018)*
RCT

Switzerland/ Austria/
Poland/ Spain/ USA

Villarinho et al (2016)"3
Prospective clinical
trial

Brazil

Weerapong et al
(2018)34

RCT

Thailand

Zhang et al (2017)*
RCT
China

Population
1. n of patients total
(male; female)

2.n of patients for this

review

3. Age (mean in years)

1.n=50(19;31)

1.110 (49;61)
2.NR
3.584y

1.101 (49;52)
2.n=50
3.505y

1.101 (49;52)
2.n=44
3.50.5y

1.20(12;8)
2.n=20
3.52y

1.n =46 (16;30)
2.n=23
3.50.5y

1.n =56 (26;30)
2.n=18
3.375y

Intervention
Implant Surgical parameters (n)

Implant diameter (n) 1.Timing of implant placement
1. Manufacturer Implant 1.Regular (immediate/early/late)*
2. Surface length (n)  (@4.0-@4.7mm) 2.Region of implant placement
3. Implant-abutment connection 1.=6 mm (n) 2. Wide (maxilla — anterior/posterior;
(internal vs external) 2.<6mm (n) (24.8-@6.0 mm) mandible — anterior/posterior)
1. Mis Seven 1.n=25 1.NR 1. Late
2.Sand-blasted and acid-etched 2.n=0 2.NR 2. Posterior maxilla and mandible
surfaces
3.Internal
1. JDEvolution 6 mm (n = 37) 1.n=59 1.NR 1.NR
JDlcon 6 mm (n =22) 2.n=0 2.NR 2. Maxilla (n =40) and mandible
2. Sand-blasted acid-etched surface (n = 18) posterior
up to the neck
3.Internal
1. Dentsply Sirona Implants 1.n=67 1.n=67 1.NR
2. Astra Tech Implant System 2.n=0 2.n=0 2. Posterior maxilla
OsseoSpeed — fluoride-modified
nanostructure
3.Internal
1. Dentsply Sirona Implants 1.n=60 1.n=60 1.NR
2. Astra Tech Implant System 2.n=0 2.n=0 2. Posterior maxilla
OsseoSpeed — fluoride-modified
nanostructure.
3. Internal
1. Straumann Dental Implant System 1.n=46 1.n=46 1. Late
2.SLActive — Sand-blasted and acid- 2.n=0 2.n=0 2. Posterior maxilla and mandible
etched surfaces
3.Internal
1. PW+ Dental Implant System 1.n=23 1.NR 1. Late
2.Sand-blasting and etching process  2.n=0 NR 2. Posterior mandible
3.Internal
1.Straumann Standard Plus 1.n=18 1.n=7 1. Late
2. Sand-blasted and acid-etched 2.n=0 2.n=11 2. Posterior maxilla

surfaces
3.Internal

RCT = randomized clinical trial; NR = not reported.
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Outcome
Prosthetic
parameters (n) ) Outcomes (n)
1. Loading protocol Risk factors Number types
(immediate/early/ included/ Proportions
conventional) assessed (yes/no) 1.Dropouts/losses to follow-up (%)

2. Type of restoration
(cemented vs screwed)
3. Follow-up in months
(mean; range)

1. Conventional
2.NR
3.12mo

1. Conventional

2. Screw-retained or
cemented

3.24 mo after loading

1. Conventional

2. Screw-retained or
cemented

3.12 mo of loading

1. Conventional

2. Screw-retained or
cemented

3.60 mo after implant
loading

1. Early
2. Screw-retained
3. 48 mo after baseline

1. Immediate
2.Cemented
3.12mo

1. Conventional
2.Cemented
3.3mo

1. Systemic disease
2.Smoking

3. Bruxism

4. Periodontal disease

1.Yes
2.Yes
3.NR
4.Yes

1. Yes
2.Yes
3.NR
4Nes

1.No
2.Yes
3. Yes
4.NR

1.No
2.Yes
3.Yes
4.NR

1. Yes
2.NR
3. Yes
4.No

1.Yes
2.Yes
3.NR
4.No

1.Yes
2.Yes
3.NR
4.Yes

2. Biologic failure (type/n/time)
3. Prosthetic failure (type/n/time)
4. Failures (early; late)**

5. Marginal bone loss (mean; SD)

1.n =5 (relocation or unrelated medical
conditions)

2.n =4 lostimplant prior restoration (prior
restorations)

3.n=0

4. Early

5.0.6+0.16 mm

1.n =4 were lost to follow-up of 24 mo, 2
withdrew consent to study protocol, 1 changed
residence during the follow-up while 1 died due
to a traffic accident

2.n=1 (after 10 mo it became mobile and painful
during function)

3.NR

4. Late

5.0.38+£0.29 mm

1.n=3 (1 died, 1 lost during follow-up, and 1 did
not attend the 1-year examination; 4 implants
were lost)

2. Surgically related (n = 2)

3.n =1 (abutment loose); n = 1 (other abutment
failure); n = 1 (fracture screw abutment)

4.NR

5.NR

1.n =6 (honcompliance, moved away, patient
deceased, and could not be contacted)

2. n=1 (lost — reason unknown); n =5 (fistula,
swelling, infection, and implant failure); n =18,
peri-implant mucositis (bleeding on probing):
40.9%; n = 6, plaque control record

3.n =21 (fracture of abutment screw, screw
loosening, chipping of veneering ceramic, lost
crown, and loss of retention— decementation
of crown)

4. Late

5.-0.12£0.54 mm

1.n =1 (lost soon after the placement of the
prosthesis)

2.n =1 (clinical signs of infection with

the presence of bleeding on probing and
suppuration)

n = 4 (after prosthetic loading)

3.n =13 (loosening of the prosthetic screw;
28.3%)

4. Late

5.0.3£0.5mm (-0.4; 1.5)

0
2 (mobility at 2 and 4 mo after placement)
3 (provisional crown fracture)

gy
W<

+0.47 mm

)

Z>5zZz335 Oom3s S 5
1} Il
o oo

MBEWNS LR WN S

=)

1. Survival rate
(%)/Implant
failure (n/ failure
time)
1.84%/n=4

(all prior to
restoration)

1.98.3%/n=1
(after 10 mo)

1.100%/n =0

1.98.5%/n=1
(48 mo)

1.91.3%/n=4
(h=2-12mo;n
=1-36mo;n=
1-48mo)

1.91.3%/n=2(n
=1-2mo; n=
1-4mo)

1.100%/n =0

Main conclusions

The survival rate of small-size implants was
lower compared with conventional implants.
Although they are a simple treatment
alternative and convenient for placement in
an atrophic mandible, the use of small-size
implants requires caution in the face of the
potential situation and available alternatives.

The marginal bone loss was small and similar
between 6-mm and 10-mm-long implants
that support single crowns in the posterior
region of the mandible and maxilla during

2 years of functional load. There was similarity
regarding the failure of the implants.

Small-size implants may be suitable for
rehabilitation of the posterior region of the
atrophied maxilla, and may be more favorable
in terms of short-term morbidity, costs, and
treatment time.

The treatment modalities were suitable for
rehabilitation with single implants in the
posterior region of the atrophied maxilla, with
no difference in survival rates, patient reports,
marginal bone levels, and biologic and
technical complications for up to 5 years.

Small-size implants placed in the posterior
mandible and maxilla are an alternative
treatment with high survival rates. There is a
greater risk of implant loss in the mandible
(95%) than in the maxilla. As for prosthetic
complications, all of them could be reversible
and of low complexity to correct, but they
were greater than the reports in the literature.
There was a loss of 0.1 mm of bone each year,
with time being a predictor for bone loss. The
clinical C/I ratio was considered a risk factor
for bone loss, considering the loss of 0.1 mm
for each increase of 0.1 in this proportion.
There was no significance of other biologic
and prosthetic factors tested with bone loss
and prosthetic failure.

Implant survival, stability quotient, and
marginal bone level of small-size implants
with immediate loading is comparable to
conventional-size implants.

Initial rates equal to zero for reduced implant
size failure were considered safe in the
posterior region of the atrophic maxilla. There
was good patient satisfaction.
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Table 2 Prosthetic Failure According to Number, Percentage, and Total of Implants Placed by Study

Prosthetic failures/study Failure (n) % Total of implants (n)
Abutment failure
Malmstrom et al (2016)3' 1 4 25
Pohl et al (2017)?°/Schincaglia et al (2015)3 8 12 67
Naenni et al (2018)'5/Sahrmann et al (2016)*! 3 7.5 40
Thoma et al (2018)*/Thoma et al (2015)32 21 28.6 60
Chipping
Guljé et al (2019)*4/Guljé et al (2014)' 2 9.5 21
Naenni et al (2018)'*/Sahrmann et al (2016)*' NR - 40
Decementation of crown
Pohl et al (2017)**/Schincaglia et al (2015)3 1 1.5 67
Loosening of the prosthetic screw
Guljé et al (2019)*4/Guljé et al (2014)' 1 4.8 21
Villarinho et al (2016)"3 13 28 46
Provisional crown fracture
Weerapong et al (2018)3* 3 13 23
NR= not reported.
Extrashort C ti | q A
xtrashor onventiona Risk ratio M-H random
Study Events Total Events Total Weight (%) 95% Cl
Malmstrom et al (2016)3' 1 25 0 35 16.6 4.15(0.18,97.97) =
Rossi et al (2016)3° 4 30 1 30 36.5 4,00 (0.47,33.73) L
Svezia and Casotto (2018)% 1 59 0 47 16.4 2.40(0.10, 57.60) o
Weerapong et al (2018)3* 2 23 1 23 30.5 2.00(0.19, 20.55) i
Total events 8 2
Total (95% CI) 137 135 100.0 3.00 (0.83, 10.85) .
Heterogeneity: Tau? = 0.00; Chi2 = 0.25, df =3 (P =.97); > = 0% ) ) )
Test for overall effect: Z=1.67 (P =.09) ' § !
0.1 1.0 10 100
a Extrashort Conventional
Extrashort C ti | . A
xtrashor onventiona Risk ratio M-H random
Study Events Total Events Total Weight (%) 95% ClI
Malmstrom et al (2016)3' 1 25 0 35 50.0 4.15(0.18,97.97) L
Rossi et al (2016)%° 1 30 0 30 50.0 3.00(0.13,70.83) ||
Total events 2 0
Total (95% Cl) 55 65 100.0 3.53(0.38, 33.00) ———opIEEEe——
Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 3 (P =.89); I> = 0%
Test for overall effect: Z=1.11 (P=.27) ; 1 i
0.1 1.0 10 100
b Extrashort Conventional
Extrashort C ti | . A
xtrashor onventiona Risk ratio M-H random
Study Events Total Events Total Weight (%) 95% ClI
Malmstrom et al (2016)3' 0 25 0 35 NE
Rossi et al (2016)%° 3 30 1 30 420 3.00(0.33,27.23) L
Svezia and Casotto (2018)%8 1 59 0 47 20.3 2.40(0.10, 57.60) -
Weerapong et al (2018)3* 2 23 1 23 37.7 2.00(0.19, 20.55) =
Total events 6 2
Total (95% Cl) 137 135 100.0 2.46 (0.59, 10.29) """
Heterogeneity: Tau? = 0.00; Chi? = 0.06, df = 2 (P = .97); 1> = 0%
Test for overall effect: Z=1.23 (P =.22) } + {
0.1 1.0 10 100
c Extrashort Conventional
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Conventional
Extrashort with MSL . . .
Weight Risk ratio M-H random
Study Events Total Events Total (%) 95% Cl
Bechara et al (2016)'” 0 45 2 45 16.6  0.20(0.01,4.05) 4 =
Guljé et al (2019)*/Guljé et al (2014)" 2 21 0 19 17.0  4.55(0.23, 89.08)
Naenni et al (2018)'3/Sahrmann et al (2016)*' 4 40 0 46 18.0 10.32(0.57,185.93) - +
Pohl et al (2017)%/Schincaglia et al (2015) 0 67 0 70 NE
Shah et al (2018)'® 4 25 1 25 33.5 4.00(0.48,33.33) e
Thoma et al (2018)*/Thoma et al (2015)32 1 60 0 64 149  3.20(0.13,76.98) -
Zhang et al (2017)® 0 18 0 38 NE
Total events 1 3
Total (95% Cl) 276 307 1000 2.85(0.84,9.72) T
Heterogeneity: Tau? = 0.00; Chi? = 3.97, df = 4 (P = .41); 2 = 0% . | , ,
Test for overall effect: Z = 1.67 (P = .09) 0.61 0'.1 10 1'0 1(')0
d Extrashort Conventional
Conventional
Extrashor ith MSL
xtrashort tNS Weight Risk ratio M-H random
Study Events Total Events Total (%) 95% CI
Shah et al (2018)'® 0 45 2 45 27.9 0.20(0.01,4.05) ‘ L
Guljé et al (2019)*/Guljé et al (2014)' 2 21 0 19 28.4  4.55(0.23,89.08) =
Bechara et al (2016)"7 4 25 1 25 437  4.00(0.48,33.33) S
Total events 6 3
Total (95% Cl) 91 89 1000 1.80(0.28,11.71) ey
Heterogeneity: Tau? = 0.92; Chi2=2.99, df =2 (P =.22); 1> =33% ‘ ) . )
Test for overall effect: Z=0.61 (P =.54) ! ! ! '
0.01 0.1 1.0 10 100
e Extrashort Conventional
Conventional
Extrashort ith MSL . . .
xtrasho wi Weight Risk ratio M-H random
Study Events Total Events Total (%) 95% Cl
Bechara et al (2016)"7 0 45 0 45 NE
Guljé et al (2019)*/Guljé et al (2014)" 0 21 0 19 NE
Naenni et al (2018)'3/Sahrmann et al (2016)*' 4 40 0 46 548 10.32(0.57,185.93) - .
Pohl et al (2017)%%/Schincaglia et al (2015) 0 67 0 70 NE
Shah et al (2018)'® 0 25 0 25 NE
Thoma et al (2018)*/Thoma et al (2015)32 1 60 0 64 452 3.20(0.13,76.98) -
Zhang etal (2017)% 0 18 0 38 NE
Total events 5 0
Total (95% Cl) 276 307 1000 6.07(0.71,51.60) ——
Heterogeneity: Tau? = 0.00; Chi? = 0.29, df = 1 (P = .59); I> = 0% . \ ,
Test for overall effect: Z=1.65 (P =.10) 0.0'1 0"1 10 10 100
f Extrashort Conventional

Fig 3 Meta-analysis graphs for risk ratio of failure between single crowns supported by extra-short and conventional implants, without previous
maxillary sinus augmentation: (a, facing page) overall; (b, facing page) before loading; (c, facing page) after loading; and with previous maxillary sinus
augmentation: (d) overall; (e) before loading; (f) after loading generated by RevMan software.

fore loading; the study follow-ups were 2438 and 603°
months) and 91.7% (one lost implant at 7 years; the
study follow-up was 120%° months). In other research,
with two different follow-ups of the same experi-
ment, the 12-month survival rate was 100% for all of
them,’3242 while after 60 months, it dropped to 98.5%*
(one implant loss at 4 years) and 94.7%** (two implants
lost before loading). Only one study had a survival rate
of 98% (one implant loss at 2 years)*' at 36 months and
dropped to 91% (three implants lost at 4 years)'> at 60
months of follow-up. Two studies maintained a survival
rate of 100% after 362° and 60*3 months.

Considering implant complications, 10 RCT stud-
ies341516,2830323441.44 ranorted the frequency of affect-
ed implants. However, three studies’'733 reported the
total absence of complications, and two did not report
them.?31 For the prospective clinical trials, six'33>37-40
reported the occurrences of complications, with the ex-
ception of three studies 364243

The mostfrequentbiologic complications were bleed-
ing on probing,3#1>3744 peri-implantitis,*3%4° infec-
tion,'34% and loss of osseointegration.>16:28:3034,37,3841,44
However, there were still reports of the following events:
periodontal probing depth increased consistently3’;
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greater probing depth equal to 5 mm?'>; diseased-blood
cancer?’; bacterial colonization by exposure of the
threads3>; painful during function?; fistula, swelling,
and implant failure*; and suppuration.'3

Eight randomized clinical trials*152%31:32344144 ra_
ported the causes and frequency of prosthetic com-
plications, and another seven stated total absence
of complications (n = 3)"161730 or did not report
(n = 3).3%33 Only one study' did not provide the
number of affected implants. Six prospective clinical
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trials37-404243 reported no prosthetic complications,
two others did not report,3>3¢ and only one reported
what happened (prosthetic screw loosening).!> The
most frequent were abutment screw fracture 293132
screw loosening,'31>3844 |oosening of abutment
screw,?® healing abutments,® and loose abutment.3?
The following complications still occurred less fre-
quently: chipping of veneering ceramic, lost crown and
loss of retention,* provisional crown fracture,3* minor
chipping,’>** and decementation of crown?’ (Table 2).
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Fig 4 Meta-analysis graphs for extra-short implant failure proportion: (g, facing page) overall and according to the follow-up: (b, facing page)
before loading, (c) until 12 months, (d) 24 months, and (e) 48 months generated by MedCalc software.
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Quantitative Analysis

Comparison of Survival Rates Between Extra-short Im-
plants and Control Groups. The risk ratio meta-analysis
(RR) compared the survival rates of single crowns
supported by extra-short implants (< 6 mm) to those
associated with conventional-size implants. Statisti-
cal heterogeneity across studies was considered low
(12 = 0%); therefore, the fixed effects model was used.
The overall RR was 3.00 (95% Cl: 0.83 to 10.85, P = .09;
Fig 3a), and it varied according to each follow-up. Be-
fore loading, the RR was 3.53 (95% Cl: 0.38 to 33.00,
P = .27; Fig 3b), and after loading, it decreased to 2.46
(95% Cl: 0.59 to 10.29, P = .22; Fig 3c). However, all the
results were not statistically significant (P > .05).

An additional analysis was performed comparing
the single crowns supported by extra-short implants
to those associated with conventional-size implants
(> 6 mm) with previous maxillary sinus augmentation.
The heterogeneity was also low (1> = 0%), so the fixed
effects model was used. Similar to previous analysis, the
RR of single crowns supported by extra-short implants
was 2.85 (95% Cl: 0.84 to 9.72, P = .09; Fig 3d) and varied
according to the follow-up period. However, in this case,
the RR before loading was lower, 1.80 (95% CI: 0.28 to
11.71, P=.54; Fig 3e), and it increased after loading up to
6.07 (95% Cl: 0.71 to 51.60, P = .10; Fig 3f). In all cases, no
statistically significant differences were found (P > .05).

Proportion of Failures

The overall proportion of failures of single crowns sup-
ported by extra-short implants was 5.19% (95% Cl:
2.85% to 8.18%; 1% 58.38%; P = .0013; Fig 4a). When
the time of loading was considered, the proportion
of failures was reduced to 1.18% (95% Cl: 0.49% to
2.16%; P = .5108) before loading (Fig 4b) and varied
according to the different follow-up periods after load-
ing. Within 12 months, it was 1.56% (95% Cl: 0.70% to
2.74%; P = .3017; Fig 4c); 24 months was 1.20% (95%
Cl: 0.45% to 2.29%; P = .5960; Fig 4d) and, finally, at 48
months, it was 2.10% (95% Cl: 0.80% to 3.99%; P =.3681;
Fig 4e).

Biologic Complications

Regarding biologic complications, the most frequent
were: bleeding on probing, 37.90% (95% Cl: 11.62% to
68.84%; P < .0001; Fig 5a); peri-implantitis, 22.45% (95%
Cl: 1.23% to 59.05%; P =.0001; Fig 5b); infection, 11.29%
(95% Cl: 6.38% to 17.38%; P = .5275; Fig 5¢); and loss
of osseointegration, 7.71% (95% Cl: 4.66% to 11.45%;
P =.26; Fig 5d).

Prosthetic Complications

Regarding prosthetic complications, the most frequent
complications were: abutment failures, 14.88% (95%
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Cl: 4.84% to 29.13%; P = .0005; Fig 6a); and prosthetic
screw loosening, 14.73% (95% Cl: 0.26% to 45.19%;
P =.022; Fig 6b). These are the only parameters of pros-
thetic complications that allowed further analysis.

Certainty of Evidence Assessment

The certainty of evidence assessment (GRADE) was
downgraded to very low, evaluating the following do-
mains: risk of bias, inconsistency, imprecision, and in-
directness. Both types of studies (randomized clinical
trials and prospective clinical trials) showed wide con-
fidence intervals; heterogenous methodology contrib-
uted to this decision (Table 3).

DISCUSSION

The close understanding of failures and complications
of extra-short implants is extremely important to pre-
dict the clinical behavior of such treatment, improving
the clinical practice. In this sense, this is the first system-
atic review that described, in detail, the failure time,
prevalence of failures, and complications regarding the
performance of single crowns supported by extra-short
implants.

The risk of failure of single crowns supported by
extra-short implants was similar to those associated
with conventional implants, regardless of the asso-
ciation or not with previous maxillary sinus augmen-
tation. According to the ITI Consensus Report,*> the
risk of extra-short implant failures is closely related
to the time of the single crown in function. There is a
shortage of longitudinal approaches comparing extra-
short implants and conventional implants to define
the exact moment when failures occur. Similar to the
findings of the present study, Papaspyridakos et al
(2018)* found no differences in RR of extra-short im-
plants and conventional implants (1.29; 95% Cl: 0.67,
2.50, P = .45). In addition, according to the same ITI
consensus, extra-short implants seem to be a viable
treatment option to reduce morbidity associated with
bone grafting, reducing treatment times or damage to
the adjacent structures.® Thus, since similar long-term
behavior is observed between crowns supported by
extra-short implants or conventional implants, the
extra-short implant-based treatment seems to be pre-
ferred since it diminishes the necessity of invasive sur-
geries while reducing costs.

The follow-up periods are also important when con-
sidering the performance of single crowns supported by
extra-short implants. The present systematic review con-
sidered the exact time that the failure occurred in each
study. The overall follow-up varied from 3333536 to 12040
months. The highest proportion of failures occurred
at 48 months, and the lowest occurred before loading,

© 2021 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Badaré et al

Sample Proportion

Study size (%) 95% Cl Meta-analysis
Aynaetal (2019)* 63 85.714 74.606 - 93.254 - —
Guljé et al (2019)*/Guljé et al (2014)' 21 19.048 5.446 - 41.907 B
Naenni et al (2018)'/Sahrmann et al (2016)*' 40 5.000 0.611-16.920 -
Schincaglia et al (2015) 67 53.731 41.120-66.002 - ——
Thoma et al (2018)*/Thoma et al (2015)*2 60 30.000 18.845-43.208 B —a—
Total (fixed effects) 251 44.597 38.406-50.913 - -
Total (random effects) 251 37.901 11.619-68.839 B ——TT———
Q=102.4183; df = 4; P < .0001; I2 = 96.09%; 95% Cl for I = 93.27-97.73 1 . 1 P | M B I i
0.0 0.2 0.4 0.6 0.8 1.0
a Proportion

Sample Proportion

Study size (%) 95% Cl Meta-analysis
Rossi et al (2018)*/ Rossi et al (2015)**/Rossi et al (2010)3® 40 7.500 1.574-20.386 ==

Thoma et al (2018)*/Thoma et al (2015)% 60 40.000 27.562-53.459 I ——

Total (fixed effects) 100 25.502 17.386-35.090 o -

Total (random effects) 100 22.452 1.225-59.049 | e —
Q= 14.9629; df = 1; P <.00071; I = 93.32%; 95% Cl for I> = 78.11-97.96

0.0 0.2 0.4 0.6
b Proportion

Sample Proportion

Study size (%) 95% Cl Meta-analysis

Queiroz et al (2015)%® 17 17.647 3.799-43.432 il

Thoma et al (2018)*/Thoma et al (2015)32 60 8.333 2.761-18.386 H ——

Villarinho et al 2016)"3 46 10.870 3.625-23.570 H — -,

Total (fixed effects) 123 11.293 6.348-18.154 - <=

Total (random effects) 123 11.293 6.383-17.380 S

Q=1.2791; df = 2; P=.5275; 1> = 0.00%; 95% Cl for I> = 0.00-94.75 H ' ' i 1 1
00 0. 02 03 04 05

C Proportion

Sample Proportion

Study size (%) 95% CI Meta-analysis

Ayna etal (2019)%7 63 4.762 0.993-13.292 SR E—

Guljé et al (2019)*/Guljé et al (2014)' 21 4.762 0.120-23.816 -

Naenni et al (2018)'*/Sahrmann et al (2016)*' 40 10.000 2.793-23.664 - =

Rossi et al (2018)*%/ Rossi et al (2015)3%/Rossi et al (2010)38 40 5.000 0.611-16.920 BN N

Rossi et al (2016)3° 30 13.333 3.755-30.722 - -

Shah et al (2018)' 25 16.000 4.538-36.083 — -

Svezia and Casotto (2018)?® 59 1.695 0.0429-9.086  |-ll——

Weerapong et al (2018)3 23 8.696 1.071-28.038 — =

Total (fixed effects) 301 7427 4.764-10.941 — .

Total (random effects) 301 7.710 4.659-11.449 — -~

Q=8.8982; df = 7; P =.2600; I> = 21.33%; 95% Cl for I> = 0.00-63.47 [ ] ' 1 N 1 N 1 . 1
0.0 0.1 0.2 0.3 0.4

d Proportion

Fig 5 Meta-analysis graphs for biologic complication proportion of extra-short implants: (a) bleeding on probing, (b) peri-
implantitis, (c) infection, and (d) loss of osseointegration generated by MedCalc software.
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Fig6 Meta-analysis graphs for prosthetic complications proportion of extra-short implants: (a) abutment failure and (b) loosening prosthetic

screw proportions generated by MedCalc software.

Table 3 Certainty of the Evidence Assessment of Prospective Clinical Trials (n = 9) and Randomized Clinical

Trials (n = 15): GRADE Summary of Findings

Certainty assessment

No. of Risk of Other

studies Study design bias Inconsistency Indirectness Imprecision considerations Certainty

9 Prospective cinical trials ~ Not serious Very serious? Serious Serious® None @000 Very low
15 Randomized clinical trials Serious Very serious? Serious Very serious? None @000 Very low

3t is possible to observe considerable clinical, methodologic, and statistical heterogeneity for both study designs.
bWide confidence intervals, for the results of the meta-analysis, for both types of studies.

corroborating the systematic review by Ravida et al*’
(2019), in which most of the failures occurred after load-
ing. Moreover, according to Vazouras et al,*8 extra-short
implant failure rates in function for more than 3 years are
higher compared with shorter periods. In contrast, Srini-
vasan et al*° reported that early failures (before loading)
are more commonly observed in the first 4 months after
the extra-short implant placement, which was different
from this systematic review. Different reasons might con-
tribute to explain failures, including insufficient osseoin-
tegration,”® compromised local bone quality/quantity,
smoking, implant characteristics, local infection,”’ and
splinting or not of extra-short implants.*’

It is evident that earlier failures are more related
to biologic factors, while prosthetic factors are more
related to failures observed in extra-short implant in
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function for longer periods. Knowledge about extra-
short implant biologic and mechanical complications
is crucial to anticipate problems and step in before
complete failure. In regard to the biologic complica-
tions, different terms were used to report the clini-
cal problems in the selected studies. In spite of that,
some of the complications reported were similar,
which allowed data analyses. The most common bio-
logic complication was bleeding on probing (37.90%).
Bleeding on probing is an important parameter to the
diagnosis of inflammation in the peri-implant mu-
cosa, distinguishing health and disease conditions in
the peri-implant region.>? It is also considered one
of the first signs of peri-implant mucositis and peri-
implantitis, requiring special attention to prevent fu-
ture major problems.>3
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There was a higher incidence of plaque accumula-
tion in the select studies.*3>37 This fact was expected
since there is a close relation of cause-effect between
poor hygiene and gingival inflammation.>* Difficulties
in cleaning the implant-supported fixed prostheses are
common, and therefore, plaque accumulation occurs
on the surfaces of these prostheses. This plaque accu-
mulation affects the health condition of the related soft
tissues, leading to peri-implant mucositis or even peri-
implantitis.>> Therefore, a high hygiene level is crucial to
prevent peri-implant tissue infection, and in the case of
single crowns, it is facilitated by the direct use of dental
floss in the interdental space.

Peri-implantitis was the second most frequent
complication in the selected studies, followed by in-
fection. A slightly lower frequency of peri-implantitis
is reported for conventional-size implants, varying
from 5% to 8%.°¢ Peri-implantitis is an inflammatory
reaction, which causes loss of bone tissue support
surrounding a functioning implant.>” Studies suggest
that anaerobic plaque and overloading are the two
main factors that contribute to increase the incidence
of infection®? and inflammatory processes of the im-
plant surrounding tissues.>® Therefore, correct and
early diagnosis is very important to maintain longev-
ity of treatment and avoid failure of a dental implant
by loss of osseointegration.

The less prevalent biologic complication reported
was loss of osseointegration. This parameter is impor-
tant because it is the only one considered at the sur-
vival rate analysis. In the present review, the overall
proportion of extra-short implant failures was 5.19%,
which was very similar to those reported in a previ-
ous study? (3.5%). It is important to understand that
loss of osseointegration is closely related to implant
loss. In this sense, the recognition of the first signs of
biologic and mechanical complications is imperative to
decrease the frequency of osseointegration failure and
prevent implant loss.

Regarding prosthetic complications, abutment fail-
ures were the most prevalent, with an incidence of
14.88%, followed by loosening of the prosthesis screw
(14.73%). According to Ravida et al (2019),'0 extra-
short implants were a total of 3.3 times more likely to
develop complications of prosthetic origin compared
with conventional-size implants. However, in the
present study, most of the reported prosthetic com-
plications were reversible, thus presenting low com-
plexity for clinical resolution. Similar results were also
observed in previous research.’”> The most frequent
complication was screw loosening (abutment and
prosthetic screw), which is in agreement with previ-
ous reports.’%46 These prosthetic complications were
more easily resolved by replacing the component,

usually not compromising the extra-short implant
itself. Factors related to occlusal loads, such as mag-
nitude, distribution, and variation during function,
can influence the loosening of the screw, fracture of
the implant component, and/or bone resorption.>®
In this systematic review, only two studies showed
minor chipping’** and another the fracture of pro-
visional prosthesis,?* which also related to the study
of Papaspyridakos et al (2018).%6 In this case, clinicians
should be aware of the presence of occlusal interfer-
ence in centric and eccentric movements, making an
adequate occlusal adjustment.

A limitation of the present systematic review was
the large discrepancy of available information, espe-
cially regarding the description of failures, follow-up
periods, and characteristics of the sample. The lack of
a common guideline to organize data collection and
report jeopardizes the prevalence analysis, reducing
the quality of the studies and the power of the evi-
dence. Moreover, based on the analysis of risk of bias,
future studies should be more detailed in regard to
sample selection and guarantee the blinding condi-
tion during the experimental periods. Considering
the sample selection, considerable heterogeneity was
noticed. The eligibility criteria adopted might have
contributed to influence the observed results. In the
present review, important requirements, such as age;
periodontitis history; oral hygiene; abrasion; smok-
ing habits; implant characteristics in terms of length,
location, and surface; surgical procedure performed;
and type of prosthesis were no longer an integral part
of the exclusion criteria. Since the marginal bone loss
and implant loss are closely related to some of these
factors,®® the occurrence could influence the out-
comes and thereby interfere in the interpretation with
the results presented. Thus, future studies with stan-
dard criteria in the outcome assessment and clinical
interpretation are still needed to consolidate the rea-
sons for implant failure and complications.

CONCLUSIONS

Single crowns supported by extra-short implants pre-
sented a risk of failure similar to those supported by
conventional implants, associated or not with previous
maxillary sinus augmentation, before and after load-
ing. The proportion of overall failures was 5.19% and
varied over time: before loading (1.17%), 1 year (1.55%),
2 years (1.19%), and 4 years (2.1%). The most preva-
lent biologic complication was bleeding on probing,
followed by peri-implantitis and infection. The most
common prosthetic complications were related to
abutment failure and prosthetic screw loosening.

The International Journal of Oral & Maxillofacial Implants 687

© 2021 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Badaré et al

ACKNOWLEDGMENTS

The authors are grateful to librarian Maria Gorete Manteguti Savi,
who provided instructions on the search strategy for this systematic
review during the first stage of the study. The authors of this system-
atic review declare that there are no conflicts of interest. Patricia Pau-
letto is supported by CAPES—"Coordination for the Improvement of
Higher Education Personnel,” Ministry of Education, Brazil. Graziela
De Luca Canto is supported by CNPg—“The National Council for
Scientific and Technological Development,” Ministry of Education,
Brazil.

REFERENCES

1.

Guljé FL, Raghoebar GM, Vissink A, Meijer HJ. Single crowns in the
resorbed posterior maxilla supported by either 6-mm implants or
by 11-mm implants combined with sinus floor elevation surgery: A
1-year randomised controlled trial. Eur J Oral Implantol 2014;7:
247-255.

. Nisand D, Renouard F. Shortimplant in limited bone volume. Peri-

odontology 2000 2014;66:72-96.

. Schincaglia GP, Thoma DS, Haas R, et al. Randomized controlled mul-

ticenter study comparing short dental implants (6 mm) versus longer
dental implants (11-15 mm) in combination with sinus floor elevation
procedures. Part 2: Clinical and radiographic outcomes at 1 year of
loading. J Clin Periodontol 2015;42:1042-1051.

. Thoma DS, Haas R, Sporniak-Tutak K, Garcia A, Taylor TD, Hdmmerle

CHF. Randomized controlled multicentre study comparing short
dental implants (6 mm) versus longer dental implants (11-15 mm) in
combination with sinus floor elevation procedures: 5-year data. J Clin
Periodontol 2018;45:1465-1474.

. Nkenke E, Stelzle F. Clinical outcomes of sinus floor augmentation

for implant placement using autogenous bone or bone substi-
tutes: A systematic review. Clin Oral Implants Res 2009;20(suppl
4):124-133.

. Zadeh HH, Guljé F, Palmer PJ, et al. Marginal bone level and survival

of short and standard-length implants after 3 years: An open multi-
center randomized controlled clinical trial. Clin Oral Implants Res
2018;29:894-906.

. Hingsammer L, Watzek G, Pommer B. The influence of crown-to-

implant ratio on marginal bone levels around splinted short dental
implants: A radiological and clinical short term analysis. Clin Implant
Dent Relat Res 2017;19:1090-1098.

. Guljé F, Abrahamsson |, Chen S, Stanford C, Zadeh H, Palmer R.

Implants of 6 mm vs. 11 mm lengths in the posterior maxilla and
mandible: A 1-year multicenter randomized controlled trial. Clin Oral
Implants Res 2013;24:1325-1331.

. Amine M, Guelzim Y, Benfaida S, Bennani A, Andoh A. Short implants

(5-8 mm) vs. long implants in augmented bone and theirimpact on
peri-implant bone in maxilla and/or mandible: Systematic review. J
Stomatol Oral Maxillofac Surg 2019;120:133-142.

. Ravida A, Wang IC, Barootchi S, et al. Meta-analysis of randomized

clinical trials comparing clinical and patient-reported outcomes
between extra-short (< 6 mm) and longer (= 10 mm) implants. J Clin
Periodontol 2019;46:118-142.

. Nissan J, Ghelfan O, Gross O, Priel |, Gross M, Chaushu G. The effect of

crown/implant ratio and crown height space on stress distribution
in unsplinted implant supporting restorations. J Oral Maxillofac Surg
2011;69:1934-1939.

. Anitua E, Alkhraist MH, Pifias L, Begofa L, Orive G. Implant survival

and crestal bone loss around extra-short implants supporting a fixed
denture: The effect of crown height space, crown-to-implant ratio,
and offset placement of the prosthesis. Int J Oral Maxillofac Implants
2014;29:682-689.

. Villarinho EA, Triches DF, Alonso FR, Mezzomo LAM, Teixeira ER,

Shinkai RSA. Risk factors for single crowns supported by short
(6-mm) implants in the posterior region: A prospective clinical
and radiographic study. Clin Implant Dent Relat Res 2017;19:
671-680.

688 Volume 36, Number 4, 2021

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Jung RE, Zembic A, Pjetursson BE, Zwahlen M, Thoma DS. Systematic
review of the survival rate and the incidence of biological, technical,
and aesthetic complications of single crowns on implants reported
in longitudinal studies with a mean follow-up of 5 years. Clin Oral
Implants Res 2012;23(suppl 6):2-21.

Naenni N, Sahrmann P, Schmidlin PR, et al. Five-year survival of short
single-tooth implants (6 mm): A randomized controlled clinical trial. J
Dent Res 2018;97:887-892.

Shah SN, Chung J, Kim DM, Machtei EE. Can extra-short dental
implants serve as alternatives to bone augmentation? A preliminary
longitudinal randomized controlled clinical trial. Quintessence Int
2018;49:635-643.

Bechara S, Kubilius R, Veronesi G, Pires JT, Shibli JA, Mangano FG.
Short (6-mm) dental implants versus sinus floor elevation and
placement of longer (= 10-mm) dental implants: A randomized
controlled trial with a 3-year follow-up. Clin Oral Implants Res
2017;28:1097-1107.

FanT, Li Y, Deng WW, Wu T, Zhang W. Short implants (5 to 8 mm)
versus longer implants (> 8 mm) with sinus lifting in atrophic pos-
terior maxilla: A meta-analysis of RCTs. Clin Implant Dent Relat Res
2017;19:207-215.

Xu X, Hu B, Xu Y, Liu Q, Ding H, Xu L. Short versus standard implants
for single-crown restorations in the posterior region: A systematic
review and meta-analysis. J Prosthet Dent 2020;124:530-538.

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 2015;4:1.

Schiavo JH. PROSPERO: An international register of systematic review
protocols. Med Ref Serv Q 2019;38:171-180.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: The
PRISMA statement. PLoS Med 2009;6:e1000097.

Al-Johany SS, Al Amri MD, Alsaeed S, Alalola B. Dental implant length
and diameter: A proposed classification scheme. J Prosthodont
2017;26:252-260.

Tufanaru C, Munn Z, Aromataris E, Campbell J, Hopp L. Chapter 3:
Systematic reviews of effectiveness. In: Aromataris E, Munn Z (eds).
Joanna Briggs Institute Reviewer’s Manual. Adelaide: The Joanna
Briggs Institute, 2017. Available from https://synthesismanual jbi.
global. https://doi.org/10.46658/JBIMES-20-04.

Mangano F, Macchi A, Caprioglio A, Sammons RL, Piattelli A,
Mangano C. Survival and complication rates of fixed restorations
supported by locking-taper implants: A prospective study with 1 to
10 years of follow-up. J Prosthodont 2014;23:434-444.

Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for
Systematic Reviews of Interventions Version 6.0 (updated July

2019). Cochrane Collaboration, 2019. Available from www.training.
cochrane.org/handbook.

Guyatt GH, Oxman AD, Vist GE, et al. GRADE: An emerging consensus
on rating quality of evidence and strength of recommendations. BMJ
2008;336:924-926.

Svezia L, Casotto F. Short dental implants (6 mm) versus standard
dental implants (10 mm) supporting single crowns in the posterior
maxilla and/or mandible: 2-year results from a prospective cohort
comparative trial. J Oral Maxillofac Res 2018;9:e4.

PohlV, Thoma DS, Sporniak-Tutak K, et al. Short dental implants

(6 mm) versus long dental implants (11-15 mm) in combination
with sinus floor elevation procedures: 3-year results from a mul-
ticentre, randomized, controlled clinical trial. J Clin Periodontol
2017;44:438-445.

Rossi F, Botticelli D, Cesaretti G, De Santis E, Storelli S, Lang NP. Use of
short implants (6 mm) in a single-tooth replacement: A 5-year follow-
up prospective randomized controlled multicenter clinical study. Clin
Oral Implants Res 2016;27:458-464.

Malmstrom H, Gupta B, Ghanem A, Cacciato R, Ren Y, Romanos GE.
Success rate of short dental implants supporting single crowns and
fixed bridges. Clin Oral Implants Res 2016;27:1093-1098.

Thoma DS, Haas R, Tutak M, Garcia A, Schincaglia GP, Himmerle CH.
Randomized controlled multicentre study comparing short dental
implants (6 mm) versus longer dental implants (11-15 mm) in combi-
nation with sinus floor elevation procedures. Part 1: Demographics
and patient-reported outcomes at 1 year of loading. J Clin Periodon-
tol 2015;42:72-80.

© 2021 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Badaré et al

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Zhang XM, ShiJY, Gu YX, Qiao SC, Mo JJ, Lai HC. Clinical investigation
and patient satisfaction of short implants versus longer implants
with osteotome sinus floor elevation in atrophic posterior maxillae: A
pilot randomized trial. Clin Implant Dent Relat Res 2017;19:161-166.
Weerapong K, Sirimongkolwattana S, Sastraruji T, Khongkhunthian
P. Comparative study of immediate loading on short dental implants
and conventional dental implants in the posterior mandible: A ran-
domized clinical trial. Int J Oral Maxillofac Implants 2019;34:141-149.
Queiroz TP, Aguiar SC, Margonar R, de Souza Faloni AP, Gruber R,
Luvizuto ER. Clinical study on survival rate of short implants placed in
the posterior mandibular region: Resonance frequency analysis. Clin
Oral Implants Res 2015;26:1036-1042.

Alonso FR, Triches DF, Mezzomo LAM, Teixeira ER, Shinkai RSA.
Primary and secondary stability of single shortimplants. J Craniofac
Surg 2018;29:e548-e551.

Ayna M, Wessing B, Gutwald R, et al. A 5-year prospective clinical
trial on short implants (6 mm) for single tooth replacement in the
posterior maxilla: Immediate versus delayed loading. Odontology
2019;107:244-253.

Rossi F, Ricci E, Marchetti C, Lang NP, Botticelli D. Early loading of
single crowns supported by 6-mm-long implants with a moderately
rough surface: A prospective 2-year follow-up cohort study. Clin Oral
Implants Res 2010;21:937-943.

Rossi F, Lang NP, Ricci E, Ferraioli L, Marchetti C, Botticelli D. Early
loading of 6-mm-short implants with a moderately rough surface
supporting single crowns—A prospective 5-year cohort study. Clin
Oral Implants Res 2015;26:471-477.

Rossi F, Lang NP, Ricci E, Ferraioli L, Baldi N, Botticelli D. Long-term
follow-up of single crowns supported by short, moderately rough
implants—A prospective 10-year cohort study. Clin Oral Implants Res
2018;29:1212-1219.

Sahrmann P, Naenni N, Jung RE, et al. Success of 6-mm implants with
single-tooth restorations: A 3-year randomized controlled clinical
trial. J Dent Res 2016;95:623-628.

Guljé FL, Raghoebar GM, Vissink A, Meijer HJ. Single restorations

in the resorbed posterior mandible supported by 6-mm implants:

A 1-year prospective case series study. Clin Implant Dent Relat Res
2015;17(suppl 2):e465-e471.

Guljé FL, Raghoebar GM, Vissink A, Meijer HJA. Single crown res-
torations supported by 6-mm implants in the resorbed posterior
mandible: A five-year prospective case series. Clin Implant Dent Relat
Res 2019;21:1017-1022.

Guljé FL, Raghoebar GM, Vissink A, Meijer HJA. Single crowns in the
resorbed posterior maxilla supported by either 11-mm implants
combined with sinus floor elevation or 6-mm implants: A 5-year
randomised controlled trial. Int J Oral Implantol 2019;12:315-326.
Jung RE, Al-Nawas B, Araujo M, et al. Group 1 ITI Consensus Report:
The influence of implant length and design and medications on
clinical and patient-reported outcomes. Clin Oral Implants Res
2018;29(suppl 16):69-77.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

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

Ravida A, Barootchi S, Askar H, et al. Long-term effectiveness of
extra-short (< 6 mm) dental implants: A systematic review. Int J Oral
Maxillofac Implants 2019;34:68-84.

Vazouras K, de Souza AB, Gholami H, Papaspyridakos P, Pagni S,
Weber HP. Effect of time in function on the predictability of

short dental implants (< 6 mm): A meta-analysis. J Oral Rehabil
2020;47:403-415.

Srinivasan M, Vazquez L, Rieder P, Moraguez O, Bernard JP, Belser
UC. Survival rates of short (6 mm) micro-rough surface implants:
A review of literature and meta-analysis. Clin Oral Implants Res
2014;25:539-545.

Andersen E, Saxegaard E, Knutsen BM, Haanaes HR. A prospective
clinical study evaluating the safety and effectiveness of narrow-
diameter threaded implants in the anterior region of the maxilla. Int J
Oral Maxillofac Implants 2001;16:217-224.

Olmedo-Gaya MV, Manzano-Moreno FJ, Caftaveral-Cavero E, de Dios
Luna-del Castillo J, Vallecillo-Capilla M. Risk factors associated with
early implant failure: A 5-year retrospective clinical study. J Prosthet
Dent 2016;115:150-155.

Lang NP, Wilson TG, Corbet EF. Biological complications with dental
implants: Their prevention, diagnosis and treatment. Clin Oral Im-
plants Res 2000;11(suppl 1):146-155.

Farina R, Filippi M, Brazzioli J, Tomasi C, Trombelli L. Bleeding on
probing around dental implants: A retrospective study of associated
factors. J Clin Periodontol 2017;44:115-122.

Abi Nader S, Eimar H, Momani M, Shang K, Daniel NG, Tamimi F.
Plaque accumulation beneath maxillary All-on-4 implant-supported
prostheses. Clin Implant Dent Relat Res 2015;17:932-937.

Khammissa RA, Feller L, Meyerov R, Lemmer J. Peri-implant mucositis
and peri-implantitis: Clinical and histopathological characteristics
and treatment. SADJ 2012;67:124-126.

Berglundh T, Persson L, Klinge B. A systematic review of the inci-
dence of biological and technical complications in implant dentistry
reported in prospective longitudinal studies of at least 5 years. J Clin
Periodontol 2002;29(suppl 3):197-212.

Klinge B, Hultin M, Berglundh T. Peri-implantitis. Dent Clin North Am
2005;49:661-676.

Prathapachandran J, Suresh N. Management of peri-implantitis. Dent
Res J (Isfahan) 2012;9:516-521.

Bulaqi HA, Mousavi Mashhadi M, Safari H, Samandari MM,
Geramipanah F. Effect of increased crown height on stress distribu-
tion in short dental implant components and their surrounding
bone: A finite element analysis. J Prosthet Dent 2015;113:548-557.
Guven SS, Cabbar F, Guler N. Local and systemic factors associated
with marginal bone loss around dental implants: A retrospective
clinical study. Quintessence Int 2020;51:128-141.

The International Journal of Oral & Maxillofacial Implants 689

© 2021 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Badaré et al

Appendix

Appendix 1 Search Strategy Applied on Each Database

Database

Cochrane

Embase

LILACS

PubMed

Scopus

Web of
Science

Google
Scholar

OpenGrey

Proquest—
Dissertation
and Theses

Search strategy

(“Dental Implantation” OR “dental implants” OR “Dental Implant”) AND (“short” OR “extrashort” OR “extra short” OR “extra-
short” OR “ultrashort” OR “ultra short” OR “ultra-short” OR “supershort” OR “super short” OR “super-short” OR “4mm long” OR
“5mm long” OR “6mm” OR “4 mm long” OR “5 mm long” OR “6 mm long” OR “four-millimeter” OR “five-millimeter” OR “six-
millimeter” OR “four millimeter” OR “five millimeter” OR “six millimeter”) AND (“failure” OR “failures” OR “survival” OR “failed”
OR “treatment outcome”)

(“Dental Implantation” OR “dental implants” OR “Dental Implant”) AND (“short” OR “extrashort” OR “extra short” OR “extra-
short” OR “ultrashort” OR “ultra short” OR “ultra-short” OR “supershort” OR “super short” OR “super-short” OR “4mm long” OR
“5mm long” OR “6mm” OR “4 mm long” OR “5 mm long” OR “6 mm long” OR “four-millimeter” OR “five-millimeter” OR “six-
millimeter” OR “four millimeter” OR “five millimeter” OR “six millimeter”) AND (“failure” OR “failures” OR “survival” OR “failed”
OR “treatment outcome”)

(tw:(“Dental Implantation” OR “dental implants” OR “Dental Implant” OR “implantacao dentaria” OR “implante dentario” OR
“implantes dentarios” OR “implante de dente” OR “implante de dentes” OR “implantacion dental” OR “implantes dentales”

OR “implante dental”)) AND (tw:(“short” OR “extrashort” OR “extra short” OR “extra-short” OR “ultrashort” OR “ultra short” OR
“ultra-short” OR “supershort” OR “super short” OR “super-short” OR “curto” OR “extra curto” ou “extracurto” OR “ultracurtado”
OR “ultra curto” OR “super curto” OR “corto” )) AND (tw:(“failure” OR “failures” OR “survival” OR “failed” OR “treatment
outcome” OR “falha” OR “falhas” OR “sobrevivencia” OR “sobrevida” OR “resultado do tratamento” OR “fracaso” OR “fallas” OR
“falla” OR “fallido” OR “resultado del tratamiento”)) AND (instance:"regional”) AND ( db:(“LILACS”) AND type:(“article”))

((“Dental Implantation”[MeSH Terms] OR “Dental Implantation”[All Fields] OR “dental implants”[MeSH Terms] OR “dental
implants”[All Fields] OR “Dental Implant”[All Fields]) AND (“short”[All Fields] OR “extrashort”[All Fields] OR “extra short"[All
Fields] OR “extra-short”[All Fields] OR “ultrashort”[All Fields] OR “ultra short”[All Fields] OR “ultra-short”[All Fields] OR
“supershort”[All Fields] OR “super short"[All Fields] OR “super-short”[All Fields] OR “4mm long”[All Fields] OR “5mm long"[All
Fields] OR “6mm”[All Fields] OR “4 mm long"[All Fields] OR “5 mm long”[All Fields] OR “6 mm long”[All Fields] OR “four-
millimeter”[All Fields] OR “five-millimeter”[All Fields] OR “six-millimeter”[All Fields] OR “four millimeter”[All Fields] OR “five
millimeter”[All Fields] OR “six millimeter”[All Fields])) AND (“failure”[All Fields] OR “failures”[All Fields] OR “survival”[All Fields]
OR “failed"[All Fields] OR “treatment outcome”[All Fields])

TITLE-ABS-KEY(“Dental Implantation” OR “dental implants” OR “Dental Implant”) AND TITLE-ABS-KEY(“short” OR “extrashort”
OR “extra short” OR “extra-short” OR “ultrashort” OR “ultra short” OR “ultra-short” OR “supershort” OR “super short” OR
“super-short” OR “4mm long” OR “5mm long” OR “6mm” OR “4 mm long” OR “5 mm long” OR “6 mm long” OR “four-
millimeter” OR “five-millimeter” OR “six-millimeter” OR “four millimeter” OR “five millimeter” OR “six millimeter”) AND TITLE-
ABS-KEY(“failure” OR “failures” OR “survival” OR “failed” OR “treatment outcome”) AND ( LIMIT-TO ( DOCTYPE,"ar"))

(“Dental Implantation” OR “dental implants” OR “Dental Implant”) AND (“short” OR “extrashort” OR “extra short” OR “extra-
short” OR “ultrashort” OR “ultra short” OR “ultra-short” OR “supershort” OR “super short” OR “super-short” OR “4mm long” OR
“5mm long” OR “6mm” OR “4 mm long” OR “5 mm long” OR “6 mm long” OR “four-millimeter” OR “five-millimeter” OR “six-
millimeter” OR “four millimeter” OR “five millimeter” OR “six millimeter”) AND (“failure” OR “failures” OR “survival” OR “failed”
OR “treatment outcome”)

(“Dental Implantation” OR “dental implants” OR “Dental Implant”) AND (“short” OR “extrashort” OR “extra short” OR
“ultrashort” OR “ultra short” OR “supershort” OR “super short”) AND (“failure” OR “failures” OR “survival” OR “failed”)

(“Dental Implantation” OR “dental implants” OR “Dental Implant”) AND (“short” OR “extrashort” OR “extra short” OR “extra-
short” OR “ultrashort” OR “ultra short” OR “ultra-short” OR “supershort” OR “super short” OR “super-short” OR “4mm long” OR
“5mm long” OR “6mm” OR “4 mm long” OR “5 mm long” OR “6 mm long” OR “four-millimeter” OR “five-millimeter” OR “six-
millimeter” OR “four millimeter” OR “five millimeter” OR “six millimeter”) AND (“failure” OR “failures” OR “survival” OR “failed”
OR “treatment outcome”)

noft((“Dental Implantation” OR “dental implants” OR “Dental Implant”) AND (“short” OR “extrashort” OR “extra short” OR
“extra-short” OR “ultrashort” OR “ultra short” OR “ultra-short” OR “supershort” OR “super short” OR “super-short” OR “4mm
long” OR “5mm long” OR “6mm"” OR “4 mm long” OR “5 mm long” OR “6 mm long” OR “four-millimeter” OR “five-millimeter”
OR “six-millimeter” OR “four millimeter” OR “five millimeter” OR “six millimeter”) AND (“failure” OR “failures” OR “survival” OR
“failed” OR “treatment outcome”) )
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Appendix 2 Excluded Articles and Reasons for

Exclusion (n =39)

Author, Year Reason for exclusion
Adanéz et al (2018)
Akram et al (2019)

Amri et al (2017)

Anitua et al (2019)

Arlin (2006)

Aschee et al (2012)
Bechara et al (2017)
Bruggenkate et al (1998)
Calvo-Guirado et al (2016)
De Santis et al (2011)
Esposito et al (2011)
Feldman et al (2004)
Felice et al (2009)

Felice et al (2015)

Felice et al (2019)

Geckki et al (2014)

Le etal (2013)

Malchiodi et al (2017)
Malchiodi et al (2019)
Mangano et al (2016)
Mendoza-Azpur et al (2016)
Mokeem et al (2019)
Molon et al (2017)

Nedir et al (2004)

Perelli et al (2011)

Perelli et al (2012)

Rosen et al (2018)

Rossi et al (2017)
Santagata et al (2012)
Sharma et al (2015)

Shi et al (2015)

Slotte et al (2012)
Stellingsma et al (2014)
Storelli et al (2018)

Tabrizi et al (2016)

Tawil et al (2003)

Teixeira et al (1997)

Yadav et al (2019)

Yilmaz et al (2011) 3

Reasons for exclusion: (7) Studies in which the sample includes
individuals rehabilitated only with implants longer than 6 mm or without
comparison with extra-short (< 6 mm) or the number of < 6 mm implants
placed were below the minimum of 10; (2) studies with extra-short
splinting to other implants or overdenture or full fixed implant-supported
prosthesis; (3) book chapters, reviews, letters, conference, abstracts,
personal opinions, guidelines, case series (less than 20 implants placed),
case reports, retrospective studies, only protocol of clinical trials, and finite
element analysis; (4) studies that did not present enough data, even after
three attempts of contact with the authors; (5) studies in which the sample
included patients with uncontrolled systemic illnesses.
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Appendix 3 Joanna Briggs Institute Critical Appraisal Checklist for Prospective Clinical Trial (n = 9)

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Risk of bias
Alonso et al (2018)3¢ Y Y Y N Y Y Y Y Y Low

Ayna et al (2019)%7 Y Y Y N Y Y Y Y Y Low

Guljé et al (2015)%2 Y Y Y N Y Y Y Y Y Low

Guljé et al (2019)4 Y Y Y N Y Y Y Y Y Low
Queiroz et al (2015)3° Y Y Y Y Y Y Y Y Y Low

Rossi et al (2010)38 Y N N N Y Y Y Y Y Moderate
Rossi et al (2015)3? Y N N N Y Y Y Y Y Moderate
Rossi et al (2018)4° Y N N N Y Y Y Y Y Moderate
Villarinho et al (2017)"3 Y N Y N Y Y Y Y Y Low

QT:lIsit clear in the study what is the “cause” and what is the “effect” (ie, there is no confusion about which variable comes first)?

Q2: Were the participants included in any similar comparisons?

Q3: Were the participants included in any comparisons receiving similar treatment/care, other than the exposure or intervention of interest?
Q4: Was there a control group?

Q5: Were there multiple measurements of the outcome both before and after the intervention/exposure?

Q6: Was the follow-up complete, and if not, were differences between groups in terms of their follow-up adequately described and analyzed?
Q7: Were the outcomes of participants included in any comparisons measured in the same way?

Q8: Were outcomes measured in a reliable way?

Q9: Was appropriate statistical analysis used?

Appendix 4 Joanna Briggs Institute Critical Appraisal Checklist for Randomized Controlled Trials (n = 15)

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 QM Q12 Q13  Risk of bias
Bechara et al (2016)" Y Y N Y Y U N Y Y Y U Y Y Moderate
Guljé et al (2014)! Y Y N Y Y U Y Y Y Y Y Y Y Low
Guljé et al (2019)*4 Y Y N Y Y U Y Y Y Y Y Y Y Low
Malmstrom et al N Y Y N N N Y Y Y Y Y Y Y Moderate
(2016)3

Naenni et al (2018)> Y N N N N N Y Y Y Y Y Y Y Moderate
Pohl et al (2017)%° U Y N U U U Y Y Y Y Y Y U High
Rossi et al (2016)3° Y Y N Y Y U N Y Y Y Y Y Y Low
Sahrmann et al (2016)*' Y N N N N N Y Y Y Y Y Y Y Moderate
Schincaglia et al (2015)3 U U N U U U Y Y Y Y Y Y U High
Shah et al (2018)'® Y Y N N N N Y Y Y Y Y Y Y Moderate
Svezia and Casotto N N Y N Y Y N Y Y Y Y U N Moderate
(2018)%8

Thoma et al (2015)32 Y U N Y Y U N Y Y Y Y Y Y Moderate
Thoma et al (2018)* Y U N Y Y U N Y Y Y Y Y Y Moderate
Weerapong et al Y Y N u U u Y Y Y Y Y Y Y Moderate
(2019)%4

Zhang et al (2017)3 Y N N Y Y Y Y U Y Y Y N Y Moderate

Y =Yes; N =No; U = Unclear.

Total = 2Y/Applicable Items (the not applicable [NA] items were excluded from the sum).

Risk of bias was categorized as high when the study reaches up to 49% score “yes”, moderate when the study reached 50% to 69% score “yes”, and low when the study
reached more than 70% score “yes”".

Q1: Was true randomization used for assignment of participants to treatment groups?

Q2: Was allocation to treatment groups concealed?

Q3: Were treatment groups similar at the baseline?

Q4: Were participants blind to treatment assignment?

Q5: Were those delivering treatment blind to treatment assignment?

Q6: Were outcomes assessors blind to treatment assignment?

Q7: Were treatment groups treated identically other than the intervention of interest?

Q8: Was follow-up complete, and if not, were differences between groups in terms of their follow-up adequately described and analyzed?

Q9: Were participants analyzed in the groups to which they were randomized?

Q10: Were outcomes measured in the same way for treatment groups?

Q11: Were outcomes measured in a reliable way?

Q12: Was appropriate statistical analysis used?

Q13: Was the trial design appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted for in the conduct and
analysis of the trial?
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