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Clinical outcomes of short implants (< 6 mm)
placed between two adjacent teeth/implants or in
the most distal position: A systematic review and
meta-analysis
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ABSTRACT

Purpose: To investigate whether implant position (adjacent to teeth/implants vs most distal pos-
ition in the arch) influences the clinical outcomes of short (< 6 mm) non-splinted implants.
Materials and methods: A systematic electronic search of human randomised clinical trials and
prospective cohort studies was performed using the PubMed, Embase and Cochrane Central
Register of Controlled Trials (Central) databases. A manual search of implant-related journals was
also performed. A meta-analysis was conducted to compare survival rate, marginal bone loss and
prosthetic complications based on implant position.

Results: Overall, 11 studies were included to give a total of 388 non-splinted short implants
(269 adjacent, 119 distal) followed up over a period ranging from 12 to 120 months. No signifi-
cant differences in survival were found when comparing adjacent and distal positioning for both
arches, and no significant differences were found for marginal bone loss or prosthetic complica-
tions between groups regardless of position.

Conclusions: Short implants supporting single crowns presented similar outcomes when placed in
the most distal position in the arch or between adjacent teeth or other implants.

Conflict-of-interest statement: The authors do not have any financial interests, either direct or

indirect, in the products mentioned in the present study.

Introduction

Rehabilitation of one or more missing teeth utilis-
ing dental implants has been demonstrated to be
a predictable surgical modality in the treatment of
partially and completely edentulous patients?. Two
studies of patients who received standard dental
implants (= 10 mm) with a long-term follow-up
demonstrated satisfactory results and high sur-
vival rates?:3. Other recent studies have defined
standard length as > 8 mm, highlighting a shift
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in clinical philosophy regarding the definition of
standard implant length45. Substantial alveolar
bone atrophy is, however, a common consequence
of long-term edentulism that may impede the
placement of standard length implants due to ana-
tomical limitations. In such situations, practitioners
often perform more advanced and invasive pro-
cedures such as guided bone regeneration (GBR),
block grafting or sinus elevation®?. To prevent the
need for such procedures, several recent studies
have evaluated the performance of short implants
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for rehabilitation of atrophic alveolar ridges8-10.
Short implants can be used as an alternative to
advanced grafting procedures, as the latter may
be associated with increased cost and a higher risk
of complications and pc=*=»erative morbidity11.12.

Advancements in th¢ 2 25ign of micro- and mac-
roimplant topography have seen shorter implants
be introduced to the market, and the definition of
a 'short implant’ has changed over time. In 2007,
Strietzel and Reichard’3 considered implants with
a length <11 mm as short. Other authors defined
short as <10 mm or <8 mm, and extra-short
as <6 mm14-16. A 2018 meta-analysis published
after the International Team of Implantology (ITI)
workshop in Amsterdam reduced the threshold for
short implants to < 6 mm17.

Short (€ 6 mm) implants are a viable treatment
alternative in atrophic ridges, demonstrating a sat-
isfactory survival rate (94.0%) and a relatively low
rate of biological and prosthetic complications over
a 5-year follow-up8. Furthermore, splinting two
or more short implants has been shown to reduce
the risk of prosthetic complications (such as screw
loosening) and implant failure compared to non-
splinted short implants8.18. A biomechanical expla-
nation for these results is that splinting implant-
supported crowns reduces the level of stress
concentrated at the implant-crown interface and
increases resistance to rotational movements?9.20,
On the other hand, non-splinted implant-supported
crowns often offer greater access for maintenance,
can more easily attain a passively fitting framework,
and are typically associated with better aesthetic
outcomes20. Regarding the increased risk of implant
failure associated with non-splinted short implants,
an important clinical question is whether the occlusal
loading associated with different implant position-
ing plays a significant role in determining clinical
outcomes. Photoelastic stress analysis has demon-
strated that the presence or absence of two inter-
proximal contacts (mesial and distal) as well as the
tightness of interproximal contacts has a substantial
influence on load distribution around non-splinted
implants12.21-23. Moreover, previous studies have
characterised short implant location based on pos-
itioning between adjacent teeth/implants or in the
most distal position in the arch2425. To the best of
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the present authors’ knowledge, however, no study
has investigated whether placing short non-splinted
implants between two adjacent teeth/implants
(with two interproximal contacts) relative to a free-
end distal position in the arch (one mesial interproxi-
mal contact) has an impact on clinical outcomes of
implants. As such, the present systematic review
and meta-analysis aimed to investigate whether im-
plant positioning (between two adjacent contacts vs
free-end distal positioning) influences survival rate,
marginal bone loss (MBL) and prosthetic complica-
tions with short non-splinted implants.

Materials and methods

Reporting format and study registration

The 27-item Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)
statement26 was used to describe the search for
articles meeting the eligibility criteria. The Assess-
ment of Multiple Systematic Reviews guidelines
(AMSTAR)27 were utilised to evaluate methodo-
logical quality. The protocol was registered in
the Prospective Register of Systematic Reviews
(PROSPERO; no. CRD42020187656).

Patient, intervention, comparison and
outcome framework

The focused question was elaborated according
to the patient, intervention, comparison and out-
come (PICO) framework28:

e Patient: Patients receiving non-splinted short
(< 6 mm) dental implants.

e Intervention: Placement of shortimplantsin the
most distal free-end position of the arch (only
a mesial interproximal contact is present, at the
second molar, first molar or second premolar
position) (Dis group).

e Comparison: Placement of short implants
between two adjacent teeth/implants (mesial
and distal interproximal contacts are present)
(Adj group).

e Outcome: Implant survival rate, MBL and pros-
thetic complications.
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The focused question was as follows: ‘In patients
receiving short dental implants, do implants placed
in the most distal position in the arch perform as
well as short implants placed between two adja-
cent teeth/implants?’

Information sources and search strategy

Manual and electronic searches were performed
by two independent reviewers (MB and EP), with
no language or date restrictions applied. A sys-
tematic search of the literature was completed
using MEDLINE (via PubMed), Embase and the
Cochrane Central Register of Controlled Trials
(Central) up to January 2020, with the follow-
ing search strategy: ((short AND single) implant*)
AND (single crown*)). A broad manual search of
periodontal and implant-related journals was also
conducted to guarantee a complete screening pro-
cess. Finally, the New York Academy of Medicine
Grey Literature Report was explored to identify
any ongoing or unpublished trials. A kappa coef-
ficient was utilised to assess the inter-examiner
agreement throughout the search process.

Inclusion and exclusion criteria

Trials were considered suitable if they met the fol-

lowing inclusion criteria:

e cohort prospective studies or randomised clin-
ical trials (RCTs) including human subjects
receiving non-splinted shortimplants (< 6 mm);

e studies with follow-up > 1 year;

e studies presenting information on at least one
of the following variables: survival rate, MBL
and prosthetic complications.

The exclusion criteria were as follows:

e studies with follow-up < 1 year;

e case series, case reports, retrospective studies,
systematic reviews, in vitro studies and preclini-
cal animal studies;

e studiesincluding human subjects only receiving
splinted short (< 6 mm) implants;

e studiesincluding human subjects only receiving
implants > 6 mm in length.
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Implants from included articles that failed before
prosthetic loading, with splinted restorations and
with a length > 6 mm were excluded from the
analysis.

Outcomes and variables

Implant failure referred to the removal of an im-
plant for any reason. MBL was calculated from
prosthetic loading (baseline) until the final follow-
up. Prosthetic complications encountered during
the follow-up period were also assessed, and were
defined as any mechanical complications involving
the implant-supported restoration that occurred
after occlusal loading, such as screw loosening or
chipping of the restoration.

Data extraction and statistical analysis

Two independent reviews (MB and EP) screened the
titles and abstracts of the articles obtained. The full
texts were then read to confirm that they adhered
to the aforementioned inclusion and exclusion cri-
teria. Any disagreements between the reviewers
were discussed with a third expert author (AR).
The corresponding authors of the included stud-
ies were contacted by email to request the data,
such as patient characteristics, clinical outcomes
and implant position (adjacent or distal). Statistical
analysis was performed by an expert biostatisti-
cian. With regard to implant survival, the raw rate
was estimated using a random effects model with
corresponding Z statistics, P values and 95% con-
fidence intervals (Cls), and a restricted maximum
likelihood estimator was employed. Due to sev-
eral authors reporting survival rates of 100.0%, a
Wilson correction was used to estimate standard
errors (SEs) using an exact binomial formula to
evaluate heterogeneity.

To assess the effect of the duration of follow-up
on the estimation of survival rate, a meta-regres-
sion was considered with follow-up as a modera-
tor variable. Additionally, the raw incidence fail-
ure rate per year was calculated to neutralise the
undesirable effect of different follow-up intervals,
as follows: incidence failure rate per year = (n fail-
ures)/(n implants x years follow-up).
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Provided that each article included implants
in adjacent and distal positions, a compara-
tive analysis of the incidence of implant failure
between both positions was conducted. The
same strategy was applied to assess the effect
of positional variables: adjacent vs distal, maxilla
vs mandible and premolars vs molars. Regard-
ing MBL, an annual rate was calculated for
each implant in the sample as follows: annual
MBL = MBL/(years follow-up).

Weighted means were obtained from the
meta-analysis to characterise MBL in the popula-
tion with random effects models and compara-
tive analysis between the subgroups. Complica-
tion analysis was conducted to compare adjacent
and distal implants, and a heterogeneity analysis
was also carried out. A Cochran Q test was per-
formed and the 12 index was calculated to evaluate
the inter-study variability compared to the total
variability. Cut-off points of 25%, 50% and 75%
were associated with low, medium and high lev-
els of heterogeneity, respectively. A funnel graph
was constructed to assess potential publication
bias. An Egger test was conducted to contrast the
hypothesis. The level of significance was set at
5% (o =0.05) and R statistical software (version
3.5.1, R Core Team, Vienna, Austria) was used for
analysis.

Table 1 Excluded articles and reasons for exclusion

Systematic review of clinical outcomes of short implants

Risk of bias and qualitative assessment

Full-text screening of articles was performed by
the investigators (AR and MG) to assess the quality
of the included articles. The Cochrane risk-of-bias
tool for randomised controlled trials2® was used
to assess the quality of all randomised controlled
trials, and the Newcastle-Ottawa scale30 was uti-
lised to assess the quality of non-RCT prospective
clinical studies.

Results

Study selection

The initial search yielded 303 articles (PubMed,
n = 105; Embase, n = 145; Central, n = 53), then
an additional five articles were found through
manual screening of other sources, giving a total
of 308. After removal of duplicates, 162 articles
were selected after title and abstract review, and
25 were potentially eligible after full-text screen-
ing. Four further studies were excluded after full-
text reading, leaving 21 studies that were eligible
for inclusion. After the authors were contacted to
request information, 10 studies were excluded:
three due to data not being available, six due to a

After full-text reading Pohl et al31
Sahrmann et al32
Schincaglia et al33
De Santis et al34
After contacting authors Thoma et al35

Bechara et al36
Bernardi et al3”
Al-Hashedi et al38
Ayna et al3?

Shah et al40

Hadzik et al41
Weerapong et al42
Mendoza-Azpur et al43

Perelli et al44

Recent publication with longer follow-up available

Short > 7 mm

Data not available

No response received from authors

Limited sample size of implants < 6 mm length
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lack of response, and one due to the limited num-
ber of patients. A complete list of articles excluded
after full-text reading and after contacting the
authors is presented in Table 1. After the screen-
ing process, 11 articles were included in the pre-
sent systematic review and meta-analysis (Fig 1).
Kappa scores for inter-examiner agreement for title
and abstract review and full-text screening were
0.93 and 0.84, respectively.

Quality assessment of included studies

The results from the risk of bias assessments for
included RCTs and prospective clinical trials are
summarised in Tables 2 and 3, respectively. Three
RCTs25.4546 were included in the present system-
atic review and meta-analysis and were assessed
using the Cochrane risk-of-bias tool. One study
was judged to be at low risk of bias#>, whereas two
were considered to be at unclear risk of bias2546.
None of the included RCTs were randomised with
regard to the parameters explored in the present
meta-analysis (adjacent vs distal positioning). Eight
of the included studies were prospective clinical
trials24.44.47-52 and were assessed using the New-
castle-Ottawa scale. Of these, one was given eight
stars®! and three received seven stars each47-49,
and were thus judged to be at low risk of bias. The
remaining studies were given six stars and were
considered to be at moderate risk of bias2444.50,52,

Characteristics of the included studies

A total of 11 studies?425.44-52 were included and
reported outcomes for 388 non-splinted short
implants (Table 4). The total number of included
implants placed adjacent to natural teeth/implants
was 269, whereas 119 were placed at the most
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Identification

Screening

Eligibility

Included

Central
(n=53)

Embase
(n = 145)

PubMed
(n =105)

Additional records
identified through other
sources (n = 5)

\ 4 \ 4

Records before duplicates removed (n = 308)

}

Records after duplicates removed (n = 162)

A4

Titles and abstracts
screened (n = 162) >
K=0.93

Records excluded
(n=137)

\4

Full-text articles
assessed for eligibility
(n =25)
K=0.84

\ 4

Full-text articles excluded for
not fulfilling inclusion criteria
(n=4)

y

Reasons for exclusion:
Short>7 mm (n=1)
Recent publication with
longer follow-up available
(n=3)

\ 4

Studies potentially
included (data
requested from the
authors) (n = 21)

Articles excluded because
data not available (n = 3)

l

Articles excluded because
authors did not reply (n = 6)

Studies included in
qualitative and quan-
titative synthesis after
contact with authors

(n=11)

Articles excluded due to
limited sample size of
implants < 6 mm length
(n=1)

Fig 1

PRISMA flowchart of the screening process for the different databases.

Table 2 Risk of bias assessment for included RCTs according to Cochrane guidelines

Study Random Allocation Blinding of Blinding of Incomplete Selective Other bias
sequence gen- | concealment participants outcome outcome data reporting
eration and personnel | assessment
Shi et al5 Low Low Low Unclear Low Low Low
Naenni et al46 Low Unclear Unclear Unclear Low Low Low
Guljé et al25 Low Unclear Unclear Unclear Low Low Low
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Table 3 Risk of bias assessment for included non-RCTs according to the Newcastle-Ottawa Scale

Repres-
tiveness o

Domain

Outcome
of interest
not present
at start of
study

Ascertain-
ment of
exposure

Selection
of the non-
exposed
cohort

the exposed
cohort

Villarinho et al47 @ * * *
Malchiodi et al48 = * * *
Guarnieri et al4? * * * *
Nizam et al50 * * * *
Svezia and Casotto>’ @ * * *
Guljé et al24 = * * *
Perelli et al44 = * * *
Rossi et al52 = * * *

Table 4 Characteristics of included studies at patient and implant levels

Study

Villarinho et al4”

Shi et al45

Malchiodi et al48

Naenni et al46

Guarnieri et al4®

Nizam et al50

Svezia and

Casotto>?

Guljé et al25

Guljé et al24

Rossi et al52

Perelli et al44

Study design and participants

Prospective study.
20 patients (46 implants; 8 men and 12 women; mean age
52 + 10y, age range 25-76 y)

Randomised controlled clinical trial.

217 patients total (96 men, 121 women), 7 luded in review
(66 implants; 29 men, 45 women; mean age 38.1 y)
Prospective study.

47 patients (13 implants; 31 men, 16 women; mean age 60 + 9
y, age range 39-81y)

Randomised controlled clinical trial.

86 patients total (47 men, 39 women), 40 included in review
(50 implants; number of men and women NR, median age 56 y)
Prospective study.

28 patients (6 implants; 14 men, 14 women; mean age

51.0 £ 19.8 y, age range 21-82 y)

Prospective study.

30 patients (35 implants; 15 men, 15 women; mean age

53.0 + 10.6 y Group 1 and 50.4 + 8.4 y Group 2, age range
30-73y)

Prospective study.

110 patients total (49 men, 61 women), 59 included in review
(59 implants; number of men and women NR, mean age 58.4 y,
age range 35-78 y

Randomised controlled clinical trial.

41 patients total (20 men, 21 women), 21 included in review
(21 implants; 7 men, 14 women; mean age 50.0 + 10.1y, age
range 30-71y)

Prospective study.

21 patients (31 implants; 7 men, 14 women; mean age

57.0 £ 9.1y, age range 44-70 y)

Prospective study.

45 patients (38 implants; 24 men, 21 women; mean age 48.4 y,
age range 30-74 y)

Prospective study.

87 patients (23 implants; 52 men, 35 women; aged > 18 y

*Data gathered after contacting the authors. NR, not reported.

Comparabil-
ity of cohorts
on the basis of
the design or
analysis

45.0 + 9.0 mo

12 mo

48.5 + 19.1 mo

60 mo

36 mo

18 mo

24 mo

60 mo

60 mo

120 mo

60 mo

Assess-
ment of
outcome

Sufficient Adequacy | Total

follow-up of follow-

for outcome |up

to occur
_ * * 7
* * * 7
_ * * 7
— — * 6
* * * 8
_ * * 6
_ * * 6
_ * * 6

Implant location

Maxilla 23, mandible 23; premolars 12,
molars 34; 35 adjacent, 11 distal”

Maxilla 74, mandible O; premolars 2,
molars 72; 52 adjacent, 14 distal”

Maxilla NR, mandible NA; premolars NR,
molars NR; 5 adjacent, 8 distal”

Maxilla 14, mandible 36; premolars NR,
molars NR, 40 adjacent, 10 distal”

Maxilla NR, mandible NR; premolars NR,
molars NR; 3 adjacent, 3 distal”

Maxilla 35, mandible 0; premolars 16,
molars 19; 19 adjacent, 16 distal*

Maxilla 40, mandible 19, premolars NR,
molars NR, 34 adjacent, 25 distal*

Maxilla 21, mandible O; premolars 5,
molars 16; 18 adjacent, 3 distal

Maxilla 0, mandible 31; premolars 12,
molars 19; 21 adjacent, 10 distal

Maxilla 14, mandible 24; premolars 12,
molars 26; 28 adjacent, 10 distal”

Maxilla 23, mandible O; premolars O,
molars 23; 14 adjacent, 9 distal”
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distal position in the arch. The patients in the
included studies were followed up for a period
ranging from 12 to 120 months. Six studies
treated partially edentulous patients with single
or multiple edentulous sites24.25:4547.49.50  three
treated single edentulous sites exclusively46.51.52,
and two treated partially or completely edentu-
lous patients#448. Regarding implant location, four
studies reported implant placement exclusively in
the maxilla25:44.45,50, one examined implant place-
ment in the mandible only24, and six studied place-
ment in both arches#6-49.5152 to give a total of

Implant characteristics

Implant
length,

Standard Plus Regular Neck SLActive (Straumann,
Basel, Switzerland); airborne-particle—abraded
large grit acid-etched surface with hydrophilic
surface treatment

Standard Plus (Straumann); airborne-particle—
abraded large grit acid-etched surface

6.0

K implants (WINSIX, BioSAFin, Ancona, ltaly) and
TTx implants (WINSIX, BioSAFin); airborne-parti-
cle—abraded and acid-etched surface for both
Standard Plus Tissue Level (Straumann); airborne-
particle-abraded and large grit acid-etched with
hydrophilic surface treatment

Tapered Short Laser-Lok (BioHorizons, Birming-
ham, AL, USA); laser-ablated surface

6.0

i-system (Novodent, Yverdon-les-Bains, Switzer- 6.0

land); surface NR

JDIcon and JDEvolution systems (JDentalCare, 6.0
Modena, Italy); airborne-particle-abraded and

acid-etched surface

OsseoSpeed 4.0 S (Astra Tech Implant System, 6.0
Astra Tech, MélIndal, Sweden); titanium oxide—
blasted and acid-etched surface with fluoride
surface modification

OsseoSpeed 4.0 S (Astra Tech); titanium oxide—
blasted and acid-etched surface with fluoride
surface modification

6.0

Straumann implant systems; airborne-particle— 6.0
abraded large grit and acid-etched surface with
hydrophilic surface treatment

Endopore (INNOVA, Toronto, ON, Canada); por-

ous sintered bead surface

5.0
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173 maxillary and 116 mandibular implants. With
regard to implant length, 6-mm implants were
placed in 10 studies24:25:45-52 and 5-mm implants
were placed in two studies*+50, giving a total of
350 implants with a length of 6 mm and 38 with
a length of 5 mm. Most of the studies utilised
bone-level fixtures24.2544.46,48-51 \whereas three
involved placement of tissue-level implants45.:47.52,
The only included study that did not use an implant
system with an internal connection was Malchiodi
et al*8, who used a system with an external hexa-
gon connection.

Systematic review of clinical outcomes of short implants

Implant diam-
eter, mm (num-
ber of implants)

4.1 (46)

4.1 (30)
8 (42)

3.8 (NR)
4.5 (NR)
5.2 (NR)

4.1 (50)

4.6 (6)

NR

NR

4.0 (21)

4.0 (31)

4.1 (38)

4.1 and 5.0 (NR)

MBL landmarks

Coronal: Implant platform
Apical: Most coronal bone-im-
plant contact

Coronal: Implant shoulder
Apical: Most coronal bone-im-
plant contact

Coronal: Implant shoulder
Apical: Most coronal bone-im-
plant contact

NR

Coronal: Implant collar
Apical: Crestal bone margin

Coronal: Implant-abutment
interface

Apical: Most coronal bone-im-
plant contact

Coronal: Most coronal margin
of implant collar

Apical: Most coronal bone-im-
plant contact

Coronal: Implant neck

Apical: Unclear

Coronal: Junction between
machined bevel and micro-
threads

Apical: Crestal bone margin
Coronal: Implant shoulder
Apical: Most coronal bone-im-
plant contact

Coronal: Coronal margin of
smooth collar

Apical: Crestal bone margin

Prosthetic information

Metal-ceramic restorative
material, screw-retained
mechanism

Restorative material
unknown; cement-retained
mechanism
Zirconium-ceramic or metal-
ceramic restorative material;
cement-retained mechanism
Restorative material
unknown; screw-retained
mechanism

Restorative material
unknown; mechanism
unknown

Metal-ceramic restora-

tive material; mechanism
unknown

Restorative material
unknown; cement- and
screw-retained mechanism

Zirconia-ceramic restorative
material; cement-retained
mechanism

Zirconia-ceramic restorative
material; cement-retained
mechanism

Metal-ceramic restorative
material; cement-retained
mechanism

Metal-ceramic restorative
material; cement and screw-
retained mechanism
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Fig 2 Short implant survival throughout the follow-up
period.

Five studies placed cement-retained restor-
ations exclusively24.25:4548,52 three implemented
screw-retained restorations exclusively46:47.51 one
placed both cement- and screw-retained restor-
ations#4, and the remaining two did not report
the mechanism of restoration retention used42.50.
Most studies included smokers within a cer-
tain threshold of cigarettes smoked per day. In
four studies, a limit of 10 cigarettes per day was
applied444549.51 whereas for Naenni et al*é and
Malchiodi et al*8 it was 19 and 20 cigarettes per
day, respectively. In contrast, Rossi et al52 included
all smokers regardless of smoking intensity, Nizam
et alP© excluded smokers, and three studies did
not report the smoking status of the included
patients24.2547_ Information on short implant sur-
vival was collected for adjacent and distal implants
from all the included studies. With the exception
of Naenni et al*é, all the included studies provided
information on MBL and prosthetic complications.

Survival analysis

Overall, 16 out of 388 implants (4%) failed over
the full follow-up period (Fig 2). The possibility of
publication bias was assessed using an Egger test
and is presented in a funnel plot (Fig 3). The fun-
nel plot demonstrates a high level of asymmetry

Fig 3 Funnel plot of studies included in meta-analysis of
survival rates.

(P =0.055) due to the fact that the studies with
the lowest SEs reported the highest survival rates.

Survival rate based on implant position

A meta-analysis of failure rates between adjacent
and distal implants from all the included stud-
ies found no statistically significant difference
(P =0.533) (Fig 4a). Considering adjacent or dis-
tal positioning within each arch, no statistically
significant differences in survival rate were found
for maxillary (P =0.274) (Fig 4b) or mandibular
implants (P = 0.205) (Fig 4c). Interarch compari-
sons showed no statistically significant differences
when comparing only adjacent (P = 0.568) (Fig 4d)
or only distal implants (P = 0.425) (Fig 4e). None
of the articles included any distal implants in the
first premolar position. There were no statistically
significant differences in survival rate when com-
paring short implants in first and second molar
positions (P =0.813) (Fig 4f) or implants placed
between premolar and molar positions (P = 0.119)
(Fig 4 g) when considering implants placed at the
most distal position in the arch only. The same
trends (P > 0.050) were found when comparing
adjacently placed first and second molar implants
(Fig 4 h) and those placed between premolar and
molar sites (Fig 4i).
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~0.0100 0.0000 0.0100 0.0200 0.0300 0.0400
Incidence per year difference

Study Mean [95% CI] | [ Study Mean [95% ClI]
Villarinho et a7 —— 0.0017 [-0.0030-0.0065] | | Villarinho et al7 e 0.0134 [-0.0145-0.0413]
Rossi et al52 v 0.0011 [-0.0010-0.0032] | | Rossi et al52 e 0.0051 [~0.0103-0.0206]
Guarnieri et a4 " 0.0000 [0.0000-0.0000] | | Nizam et al50 . 0.0004 [~0.0040-0.0048]
Nizam et al50 c 0.0000 [0.0000-0.0000] | | Naenni et al46 0.0982 [-0.1790-0.3754]
Malchiodi et al48 0.0160 [-0.0062-0.0383] | | Shi et al*> ! 0.0020 [~0.0051-0.0091]
Naenni et al46 —— 0.0016 [-0.0025-0.0057] | | Guljé et al25 . - 0.0101 [-0.0207-0.0410]
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MBL based on implant position

Nine articles provided data for meta-analysis of
annual MBL24.254547-52 A funnel plot (Fig 5) was
constructed and demonstrated an overall level
of symmetry using an Egger test (P =0.563).
Although adjacent implants showed slightly higher
annual MBL (0.021 mm/year), no clinically or stat-
istically significant differences were found between
adjacent and distal implants (P = 0.078) (Fig 6a).
No significant differences were found for the fol-
lowing comparisons of annual MBL: adjacent vs

0.000 - i
:
0.026 -
W 0.053 -
0.079
0.105 -
-05 -04 -03 -02 -01 00 0.1
Observed outcome (mm)

Fig 5 Funnel plot of studies included in meta-analysis of
MBL.

distal in the maxilla (Fig 6b), adjacent vs distal in
the mandible (Fig 6¢), maxilla vs mandible (adja-
cent only) (Fig 6d), and maxilla vs mandible (distal
only) (Fig 6e). In addition, there were no signifi-
cant differences in annual MBL when comparing
implants in the following sites: first and second
molars in a distal position (Fig 6f), first and second
molars in an adjacent position (Fig 6 g), and pre-
molars vs. molars in an adjacent position (Fig 6 h).
None of the included studies reported MBL at both
premolar and molar sites for implants placed in a
distal position.

Prosthetic complications

Nine articles reported on prosthetic complica-
tions24.25,44,45,47-5052 yielding a total of 20 com-
plications. A funnel plot was constructed and
demonstrated a high level of asymmetry using an
Egger test (P < 0.001) (Fig 7). The Galbraith plot
showed that Villarinho et al4/ were outside of the
95% Cl due to a high rate of prosthetic complica-
tions (Fig 8). Screw loosening was the most com-
mon prosthetic complication (n = 16), followed
by restoration chipping (n = 4). Only one case of
restoration chipping (distal site) resulted in pros-
thetic failure. No significant differences in pros-
thetic complications were found between implants
placed in adjacent and distal positions (P =0.211)
(Fig 9).
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Fig 8 Galbraith plot of studies included in meta-analysis of prosthetic

complications.

Fig 9 Comparison of prosthetic complications between adjacent and

distal implant positions.
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Discussion

The present systematic review and meta-analysis
is the first to explore whether the position of short
implants (< 6 mm length with 3.8 to 5.2 mm diam-
eter) influences their survival rate, MBL and pros-
thetic complications. The results demonstrated that
short implants are a predictable treatment option
even when placed in the most distal free-end pos-
ition in the arch, as no significant differences in any
of the studied outcomes were found between the
two groups.

The influence of functional loading is a cru-
cial factor to consider when analysing long-term
clinical outcomes of implants placed in posterior
sites. Although implant length has been shown to
have a limited effect on improving occlusal load
distribution®3, the influence of occlusal loading
has always been an important consideration dur-
ing treatment planning for short implants. In order
study the potential influence of occlusal factors
on short implant treatment outcomes more pre-
cisely, only implants restored with single crowns
were included in the present study. Research sug-
gests that splinting two or more restorations aids in
the distribution of masticatory forces, diminishing
the stress transmitted to the fixture2.20. Higher
survival rates have been found for splinted short
implants than for non-splinted short implantss.
In addition, early implant failures were excluded
from the analysis because it is essential to consider
prosthetic loading in order to accurately compare
adjacent and distal positioning.

The presence of two adjacent interproximal
contacts could be speculated to reduce undesir-
able forces on implant-supported single crowns,
especially in posterior locations, when compared
to a free-end distal implant position in the arch.
This notion has rarely been addressed in the litera-
ture. Aguiar Junior et al?3 performed a photoelastic
stress analysis to study whether stress distribution
at non-splinted first molar screw-retained metal—
ceramic crowns was affected by the absence of
a second molar distal contact. Their results sug-
gested that the presence of an effective interproxi-
mal contact distal to an edentulous site restored
with an implant decreased the stress pattern and

Int J Oral Implantol 2021;14(3):1-17

the load distribution around the implant when
an off-axis load was applied?3. However, despite
several finite element analyses concluding that
higher stress occurred around short implants than
longer implants54-56, results from in vivo stud-
ies did not show an association with increased
MBL20.57, Increased mechanical stress around
dental implants did not lead to increased MBL but
was instead related to higher bone density due
to increased peri-implant bone turnover58-60. The
functional adaptation of bone to biomechanical
stimuli supporting short implants has been con-
firmed by the results of an RCT with 3- and 5-year
follow-ups3261.

With regard to prosthetic complications, the
lack of a significant difference between groups
suggests that other parameters might play a more
important role than implant position. Indeed, the
elimination of eccentric contacts, the size of the
occlusal table and cuspal inclination are all critical
factors to consider at the time of short implant res-
toration. Furthermore, the height and dimensions
of the crown are likely to be more relevant than
the crown-implant ratio, the latter of which has
been demonstrated to have no significant asso-
ciation with increased prosthetic complicationsé2.
Accordingly, stress distribution has been shown
to be more dependent on implant diameter than
length, with increased diameter corresponding to
decreased stress at the bone-implant interface53.
Although increased short implant diameter appears
unlikely to influence implant survival'5.63, there is
more compelling evidence to suggest that nar-
rower diameters may be associated with increased
incidence of prosthetic complicationsé4-66. Implant
diameter must be considered in conjunction with
the dimensions and emergence profile of the im-
plant crown, as a large mismatch (i.e., a wide crown
with a narrow-diameter implant) may contribute
to the development of prosthetic complications
including component fracture or screw loosening
due to an increased moment arm®é’. In addition,
short implants are often restored with taller crowns
to compensate for vertical bone loss. Crown height
is another important variable that must be con-
sidered regarding technical complications®8, as
taller implant crowns produce a greater vertical
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cantilever effect in response to off-axis forces,
increasing the probability of technical complica-
tions®”. In terms of the severity of prosthetic com-
plications encountered, it is important to note that
the vast majority were of minor importance (i.e.,
screw loosening and minor chipping); however,
one instance of prosthetic failure was recorded in a
distal site. A biomechanical explanation for the high
prevalence of screw loosening might be the use
of non-splinted crowns, which are more prone to
experiencing rotational movement in response to
eccentric forces. This result is in line with a previous
review that found screw loosening to be the most
frequent complication in short implants, and 16
times more frequent for non-splinted implants than
splinted implants8. A similar result was recorded by
Pjetursson et alé® who reported this complication
in 12.7% of implants restored with single crowns
compared to 5.6% in splinted restorations.

The present article has some limitations. First,
the sample size for certain sub-analyses was
not ideal. Ten potential additional articles were
excluded due to unavailability of data or a lack of
response from the authors. Second, the included
articles were not designed with the intention of
studying the influence of implant position (adja-
cent vs distal) on the clinical outcomes of short
implants. This led to an unequal sample distribu-
tion in favour of adjacent implants, which could
have influenced data analysis; however, it should
be noted that 119 distal implants were analysed.
Further RCTs directly comparing adjacent and
distal short implants over a long-term follow-up
period are required to confirm the present results.

Conclusion

For non-splinted short implants (< 6 mm with 3.8
to 5.2 mm diameter), implant positioning between
two adjacent contacts compared to a free-end dis-
tal location did not influence survival rate, MBL or
prosthetic complications. This finding is relevant
for clinical decision-making during rehabilitation
of posterior edentulism, especially in cases where
short implants are indicated and where clinicians
would prefer to place non-splinted restorations.

Systematic review of clinical outcomes of short implants
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