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Are Short Dental Implants (<10 mm) Effective?
A Meta-Analysis on Prospective Clinical Trials
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and Hom-Lay Wang*

Background: This study aims to compare the survival rate
of short (<10 mm) and standard (210 mm) rough-surface
dental implants under functional loading.

Methods: An electronic literature search using PubMed
and Medline databases was conducted. Prospective clinical
human trials, published in English from January 1997 to
July 2011, that examined dental implants of <10 mm
with a 12-month follow-up were included in this meta-anal-
ysis. The following data were retrieved from the included
articles: the number of implants, implant dimensions, implant
locations, types of prostheses, follow-up periods, and im-
plant survival rates. Kaplan-Meier survival estimates and
the hazard rates were analyzed and compared between short
and standard implants.

Results: Thirteen studies were selected, examining 1,955
dental implants, of which 914 were short implants. Short
dental implants had an estimated survival rate of 88.1% at
168 months, when standard dental implants had a similar
estimated survival rate of 86.7% (P = 0.254). The peak fail-
ure rate of short dental implants was found to occur between
4 and 6 years of function. This occurred at an earlier time
point compared with standard dental implants, where the
peak failure rate occurred between 6 and 8 years of function.

Conclusions: This study shows that in the long term, im-
plants of <10 mm are as predictable as longer implants.
However, they fail at an earlier stage compared with standard
implants. J Periodontol 2013;84:895-904.
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espective centripetal and centrif-
Rugal bone resorption of the max-

illa and mandible often result in
a residual ridge that is inadequate for
ideal implant placement.! Numerous
techniques, such as guided bone re-
generation (GBR), block grafts, sinus
augmentation, distraction osteogenesis,
and transposition of the inferior alveolar
nerve, have been used successfully to
increase residual ridge dimensions to
facilitate ideal three-dimensional (3D)
placement of a dental implant.? GBR,
for example, enjoys positive treatment
outcomes,34 but its success is com-
promised when there is wound expo-
sure.’ Therefore, bone augmentation
procedures are not without limitations.
In addition, patients may not accept
these procedures for a variety of reasons,
such as donor site morbidity, addi-
tional treatment duration, and increased
cost.®7 Consequently, treatment alter-
natives such as placing angled®® or
short!? implants are proposed. The all-
on-4 protocol involves placing implants
at an inclination of 30°%9 in an at-
tempt to reduce surgical trauma, im-
plant number, and cantilever length.!!
Placement of short implants, on the
other hand, avoids violations of neigh-
boring vital structures, reduces surgical
complications, and increases patient
satisfaction.®"12 At present, there is no
consensus on the definition of a short
implant.!3 Some authors defined short
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implants as <7 mm, 4 <8 mm, ! or <10 mm!® long.

In this study, a short implant is defined as a dental
implant that is <10 mm long whereas a standard
length dental implant is 210 mm.

Emerging evidence demonstrated that dental
implants <10 mm in length could be used success-
fully to restore edentulous spans.!”-19 However, it is
important to know that the formation and preser-
vation of osseointegration is dependent on multiple
factors, such as biologic or prosthetic factors. Biologic
factors, for example, bone density and smoking
habits, were found to influence the success of short
implants.!3 The cumulative estimated failure rate
of maxillary short implants was approximately triple
that of mandibular short implants and smoking
doubled it.13 In addition, the cluster effect due to
the presence of several implants in individual patients
appeared to be a possible influencing factor.20
Prosthetic factors, for example, crown-to-implant
ratio, splinting, occlusal table, cantilever length,
implant system, opposing dentition, and bruxism,
on the other hand, did not influence short implant
failure.?1-23 Therefore, as supported by several
systematic reviews,!’19 the use of short dental im-
plants has grown in popularity over recent years.
However, the effectiveness of short dental im-
plants compared with standard ones was not in-
vestigated. This meta-analysis sets out to compare
the efficacy of short and standard implants, in terms
of hazard ratio and peak failure rate, over a long-term
follow-up period of 236 months.

MATERIALS AND METHODS

An electronic search of the PubMed and Medline
databases for relevant studies published in English
from January 1997 to July 2011 was performed by
one examiner (AM). The key words used in the search
included a combination of “prospective studies,”
“survival rate,” “survival analysis,” “dental implanta-
tion,” “dental implants,” “endosseous implants,” “oral
implants,” “short implants,” and ‘“short length.” A
manual search of implant-related journals, including
Clinical Implant Dentistry and Related Research,
International Journal of Oral and Maxillofacial Im-
plants, Clinical Oral Implants Research, Implant Den-
tistry, European Journal of Oral Implantology, Journal
of Oral Implantology, International Journal of Oral
and Maxillofacial Surgery, Journal of Oral and Max-
illofacial Surgery, Journal of Dental Research, In-
ternational Journal of Prosthodontics, Journal of
Prosthetic Dentistry, Journal of Clinical Periodontol-
ogy, Journal of Periodontology, and International
Journal of Periodontics & Restorative Dentistry, from
January 1997 to July 2011, was also performed.
Inclusion criteria were randomized clinical trials,
human clinical trials, or prospective trials with a clear
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aim of investigating the success or survival rate of
short (<10 mm) implants. Studies had to have
a minimum sample size of 10 healthy patients with
10 short implants that were in function for >1 year.

Exclusion criteria were animal studies, retro-
spective human trials with insufficient information,
and studies involving smooth-surface implants or
immediate implant placement and/or loading.

Several factors, namely, implant dimensions, im-
plant features, total number of implants placed,
healing time, location, type of prosthesis, follow-up
periods, implant survival and failure rates, or the
number of failed implants, were extracted from the
selected studies. A spreadsheet was formulated in
which the number of implants from each included
article was added. The number of failed implants
was calculated from the survival/failure rate, if not
provided in the original study. The dependent vari-
able (implant survival) was dichotomic and coded
as O or 1, when the implant had survived or failed at
the end of the observation period, respectively. In-
dependent variables included implant length (O and
1 represented short and standard implants) and
follow-up periods. Multivariate analyses could not
be performed due to inadequate information about
the features of the implants, for example, their di-
ameters and locations and the types of prostheses
they supported. Therefore, statistical software$ was
used to compute the weighted mean implant sur-
vival rate, estimated cumulative implant survival
rate, and hazard rate for short and standard im-
plants, without considering other possible vari-
ables. The weighted mean survival rates were
represented as forest plots for both groups. The
Kaplan-Meier estimator, including the estimated
standard deviation along with the 95% confidence
interval (ClI) was used to plot the cumulative sur-
vival rate. The log-rank test was applied to compare
the survival rates (from O to 1, with 1 being no
failures) between short and standard implants. The
significance value was set at 0.05. The hazard rate
was defined as the number of events per unit of time
divided by the number at risk. It represented the
number of failures within a short period of time and
demonstrated failure rates in different time frames
of the observation period.

RESULTS

An initial screening yielded a total of 381 articles,
of which 39 potentially relevant articles were se-
lected after an evaluation of their titles and ab-
stracts. Full text was obtained, with only 13 of the
articles®4-36 fulfilling the inclusion criteria and
subsequently analyzed in this meta-analysis. Figure 1

§ R Software, The R Foundation for Statistical Computing, Vienna, Austria.
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Potentially relevant articles identified
N =381

implants was 0.881 (95% CI:
0.825 to 0.912) and 0.867
(95% CI: 0.849 to 0.914),

‘ Articles excluded based on the titles
n=311

v

respectively. It was not signifi-
cantly different between the

l

Abstracts of potentially relevant articles identified
n=70

two groups (P= 0.254; Fig. 4).
The hazard rate was used

to evaluate the risk of implant

failure over time. Short im-

Reasons:

Articles excluded based on the abstracts
n=31

e Retrospective studies

o (Case reports

e Unhealthy patients

e Implants had less than 1 year of
function or follow-up

e Immediate implant loading

plants experienced a 10-fold
increase in hazard rate (3.3E-04
to 3.4E-03) between 48 and
66 months, after which the
implant failure rate decreased.
A similar surge in hazard rate
(6.04E-05 to 2.87E-03) was
also observed among standard

A\ 4

Full text of these articles was obtained
n=39

implants; however, it occurred
between 72 and 96 months.
The results suggested that
short implants tend to fail af-

‘ Articles excluded after the full-text evaluation

n=26

ter 4 to 6 years of function,
whereas standard implants fail-
ed at a later time (6 to 8 years;
Fig. 5).

» | Reason:
l *  Smooth surface implants were included

Articles selected
n=13

Figure I.
Study selection process.

illustrates the selection process, and Table 1 sum-
marizes the details of each study.

A total of 1,955 dental implants of 210 mm were
analyzed. There were 914 short dental implants,
of which 377 were 6-mm implants (377 of 1,955,
or 19.28%), five were 7-mm implants (five of 1,955,
or 0.26%), 349 were 8-mm implants (349 of 1,955, or
17.85%), and 183 were 8.5-mm implants (183
of 1,955, or 9.36%). Comparatively, there were 1,041
standard dental implants (1,041 of 1,955, or
53.24%) included and analyzed in this meta-anal-
ysis (Fig. 2). The short and standard implants had
a follow-up period of 12 to 168 months and 18 to 168
months, respectively.

Forest plots showed the mean implant survival
rate was 0.92 (95% CI: 0.88 to 0.94) and 0.93 (95%
CI: 0.89 to 0.96) for the short and standard implant
groups, respectively (Fig. 3). The cumulative survival
rates and hazard rates were calculated for 781 short
and 1,017 standard implants, which had a follow-up
period of 236 months (Table 2). At 168 months, the
estimated survival rate for the short and standard

DISCUSSION

It is undeniable that short
dental implants have a role in
the rehabilitation of edentulous
spans. This is especially true
in the posterior mandibular
region, where significant hori-
zontal and vertical bone loss,3”
coupled with anatomic limitations such as proximity
to the inferior dental nerve and presence of lingual
concavities,>® pose as surgical and restorative
challenges to both clinicians and patients. It was
demonstrated that advanced bone grafting, for
example, mandibular bone blocks or lateral
window sinus augmentations with simultaneous
implant placement, had significantly more intra-
and postoperative complications.®12 Hence, pa-
tient satisfaction toward the surgical procedure
and the treatment outcomes was generally better
when short implants were used.®:12
Recent evidence has demonstrated that short
implants have a reasonable survival rate.!317-19 The
cumulative survival rate for short implants, <10 mm,
was 99.1% after a follow-up period of 3.2 £ 1.7
years.!® Even 5-mm implants had an estimated
survival rate of 93.1% after 2 years.!” The biologic
and biomechanical success rates were 98.8% and
99.9%, respectively,18 with 57.9% of failures of short
implants occurring before the prosthetic connec-
tion.!? In addition, implants placed in the maxilla
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and/or machine-surfaced implants had higher fail-
£ ure rates.!819
ERlw n n m — To minimize short implant failure rates and
gg|” 42 < compensate for the reduction in implant length,
I - modifications to the micro and macro designs of
- dental implants, for example, increasing implant
s diameter, thread depth, surface treatment, and
¢ o « " - o decreasing thread pitch, have been made.28:32:39
2 :q; T X 3 8 9 These measures were made so that short implants
58 - can be used predictably, especially in non-ideal
5 1% y y
£ clinical situations, such as inadequate ridge height,
< < proximity to vital structures,3®4% and when the pa-
5 gle & tient declined advanced bone grafting procedures
ol s = . A
esS|2 2 because of the associated morbidity, increased cost,
PRIE B L o 8 g and treatment time.*!

R Increasing the implant diameter leads to a better
s|ls = engagement of the buccal and lingual cortical
8lz = s s s o plates,*? thus improving stress distribution within
Q212 2 = = = 2f, the surrounding bone.#3 Low stress levels were

K g
o < associated with wider implants, thus increasing the
22l o + < ~ <|3 implant success or survival rates.34% In a 3D
:é é 2 2 4 a8 = Ay finite element analysis, it was demonstrated that
L = 2 increasing the implant diameter resulted in a 3.5-
© z fold reduction in crestal strain. On the contrary,
€ & < increasing the implant length resulted in a 1.65-
E 2]l v o o 2 g . . g .45
we|l o o 9 o 5 fold reduction in crestal strain.®*® However, other
c ol = = = O O . . . .
sEl = = g studies showed that increasing implant diameter
T i did not compensate for the reduction in length.23:46
© o 5 A recent systematic review demonstrated that 5.0-
£ T3 £ mm-wide implants had less favorable results com-
g Ely ¥ 3 3 « F3 pared with narrower implants of lengths <8 mm.?
0 IR & The additional heat generated during the preparation
:qs) 3 of the wider osteotomies was speculated to have
3 e o o v v o o< led to an increase in implant failure rate.4? There-
< . . .
(73] g & - i fore, although it seemed logical to place a wider
(0] - g implant to compensate for the shorter length, the
- @ E expected treatment outcomes might not be as fa-
8 s o > vorable as having narrower implants of shorter
o =
O |E2IE = » - o <|% lengths.
L 159 % - ° 9g Geometry and surface topography are crucial
) sz 2 3 y g y
n |8 u:=|< for the short- and long-term success of short dental
() £ a implants. Surface composition, hydrophilicity, and
= Z - roughness are parameters that may play a role in
S |s % implant-bone interaction.?” Short implants with a
© © roughened surface have shown higher resistance to
c gy g g d
._8 £ Ely E T T|s torque removal than those with other types of surface
c |Z2¢g|° 3 J topography.*® Numerous studies reported a high im-
é g - @ plant survival rate of 295% with sandblasted and acid-
)] . . .
T8 | % etched and titanium plasma-sprayed implants.31-3249
3 £ o | &
-E T) m(_‘; g || Straumann, Basel, Switzerland.
c > ) ! 9 Innova, Toronto, Ontario, Canada.
o = MT‘; < @ o 5 # Nobel Biocare, Goteborg, Sweden.
< a o ”’TU = 2ls ** BIOMET 3i, Palm Beach Gardens, FL.
- ‘= @ - - al= 11 Omniloc, Centerpulse Dental, Carlsbad, CA.
g o 2 ® \3 2 5 #%+ Friatec, Friadent, Mannheim, Germany.
2 () % S 2 = < = 8§88 Zimmer Dental, Carlsbad, CA.
2 2 2 S Il Branemark System, Nobel Biocare, Goteborg, Sweden.
S A <| < o4 O >l
= ) 99 Astra Tech AB, MéIndal, Sweden.
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Figure 2.

Distribution of dental implants according to their lengths.
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Figure 3.
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The forest plots of the short and standard implant groups, summarizing the implant survival rates from

each article.

900

Volume 84 ¢« Number 7

Short implants with a roughened
surface demonstrated signifi-
cantly lower failure rate com-
pared with machined-surface
ones (odds ratio of 3.6).46 How-
ever, a systematic review did not
find that any particular implant
surface demonstrated superiority
in implant survival rate.’® None-
theless, inasmuch as smooth
surface implants are currently
scarcely available, only implants
with roughened surfaces were
analyzed, showing no signifi-
cant difference in the estimated
cumulative survival rate be-
tween short and standard im-
plants (P = 0.254), therefore
concurring with a systematic
review that there was no sig-
nificant difference in the failure
rates of short and standard
implants.!?

As short implants demon-
strated lower implant survival
rates in the maxilla,21946 bone
quality was thought to be a
strong predictor of treatment
outcome.?!22 Most studies with
short implants placed in the
mandibles had a higher sur-
vival rate®354 than those
placed in the maxilla.3>%> This
phenomenon could be attrib-
uted to an increase in bone
density, improved mechanical
properties of the implant-bone
interface, and reduced stress
concentration in bone,?6-58
therefore facilitating primary
stability and early osseointe-
gration, which compensated
for the reduction in implant
lengths.”* In this analysis, it is
not possible to evaluate sep-
arately the efficacy of short
implants in either the maxillary
or mandibular arches because
of the lack of studies reporting
success of implants placed only
in one arch. Overall, five stud-
ies reported short and long
implants placed at the same
location, whereas three stud-
ies!3 and another two stud-
ies*? reported data on implants
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Survival Analysis for Short and Standard Implants From 36 to 168 Months

Survival
Time (months) Number at Risk Number of Events Mean Lower 95% Cl Upper 95% Cl
Short implant group
36 781 3 0.990 0.984 0.997
60 751 6 0.983 0.974 0.992
72 720 25 0.948 0933 0.964
108 214 Il 0.900 0.868 0.932
168 [ 4 0.881 0.825 0912
Standard implant group
36 1,017 2 0.998 0.995 1.00
60 864 24 0.970 0.959 0.982
84 690 | 0.969 0.957 0.98]1
108 496 33 0.904 0.88 0.929
168 154 4 0.867 0.849 0914
3 3
= — SGndad g - —— Standard
- Short - Short
[a2)
(=]
8 -
T o
)
§ o o
= T
2 o
z s 8-
- © o
g &
2 =
ZIR .
S 8
<}
o
o
8
2 = | 1 T T \ \ T T
° T T T 0 20 40 60 80 100 120 140
D 20 100 150 Time (months)
Time (months)
Figure 5.
Figure 4. Comparing the hazard rate between short and standard (long) implants

Survival curves for short and standard (long) implants, illustrating
their similar estimated cumulative survival rates at | 68 months
(P=0.254).

placed in the mandible and maxilla, respectively.
Based on these studies, mean survival rate for
short implants placed in the mandible and maxilla
was 94.9% and 92.7%, respectively. Therefore, the
higher survival rate of short implants placed in the
mandible could be attributed to the increase in
bone density and, hence, better primary stability.
The enhanced primary stability can be speculated
as compensating for the reduced implant length,
although no significant differences were observed
(P >0.05).

indicating that peak failure rate of short implants occurred ~2.5 years
earlier than standard implants.

Nonetheless, in this meta-analysis, the short im-
plants have an earlier peak failure rate, as indicated
by the hazard rate. The reduced length could be
speculated as resulting in less total bone-to-implant
contact around short implants. As such, in sites
where bone density is low, the increase in peri-im-
plant strains might lead to the earlier loss of these
implants.4® As a result, implants of length >9 mm and
diameter >4 mm would have a better success rate
in type IV bone.>°

Other prosthetic measures have also been im-
plemented to boost the survival rates of short
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implants. For example, increasing the number of
implants improved their collective biomechanical
behavior because of changes in force transmission
and stress distribution compared with single im-
plants.®? Splinting of implant crowns, too, led to less
stress transmitted to each bone-implant interface
compared with individual implant crowns.®! In this
meta-analysis, two studies®® assessed the efficacy of
short implants supporting single crowns, four stud-
ies!3-> reported on short implants supporting over-
dentures, and one study’ looked at short implants
supporting fixed partial dentures. In view of the
limited data available for analysis, the trend seemed
to suggest that there were no observed differences in
terms of implant survival rates between single or
splinted prostheses. Therefore, it is important to note
that it was impossible to derive any conclusion on the
effect of prosthetic reconstructions on the survival
rates of short dental implants.

CONCLUSIONS

This study shows that in the long term, implants
<10 mm are as predictable as longer implants.
However, if failures do occur, short implants gen-
erally fail 2.5 years earlier compared with standard
implants.
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