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Background: The purpose of this study was to evaluate the use of short dental implants in distally reduced alveolar bone
height.

Material/Methods: MedLine (PubMed and Ovid), ISI Web of Knowledge, and Cochrane databases were used for analysis. Searching
was conducted using the search equation: ‘Dental Implants’ [Majr] AND (Short[TIAB] OR Shorter[TIAB]) AND
(Implant[TIAB] OR Implants[TIAB]). Abstracts were screened by 2 independent reviewers. The articles included
in the analysis were published in the English language and reported data on the use of implants with lengths
below 10 mm in the posterior region with reduced alveolar bone height making the placement of longer im-
plants impossible without additional surgical interventions. Articles concerning data on orthodontic implants
and post-resection surgery reconstruction were excluded from analysis. Any disagreements between the 2 re-
viewers were resolved by a third reviewer. No time frame was used.

Results: Of the 791 articles initially found, automatic rejection of duplicates in the Endnotes X5 software resulted in
538 articles. After the selection of studies from databases, a bibliography of 32 eligible articles was searched
for other publications. Through this method, 2 more studies were added.

Conclusions: The analysis of the results of different studies on the use of short dental implants showed that this treatment
could be effective and comparable to the use of standard-length implants. This study revealed that rough-sur-
faced implants with lengths between 6-10 mm placed in the posterior mandible are the preferred solution.
However, more detailed data will require additional prospective studies.
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Background

The use of implants and the development of surgical tech-
niques enabling the reconstruction of reduced alveolar bone
height have become a standard treatment. On the one hand,
these techniques have introduced new indications to the use
of implants; on the other hand, they increased the risk of com-
plications. Nevertheless, any intervention on the bone, such
as the above standard preparation for implant placement, can
generate both short- and long-term complications.

These observations have led to suggestions to replace regener-
ation techniques with less complicated procedures that would
eliminate the need for additional interventions [1]. Therefore,
the aim of this study was a critical review of the literature on
the use of short dental implants in distally reduced alveolar
bone height as an alternative to the augmentation procedure.

Material and Methods

On April 9, 2013, MEDLINE (PubMed), MEDLINE(Ovid), ISI Web
of Knowledge, and Cochrane databases were searched using
the search equation: ‘Dental Implants’ [Majr] AND (Short[TIAB]
OR Shorter[TIAB]) AND (Implant[TIAB] OR Implants[TIAB]).
Abstracts were screened by 2 independent reviewers. The arti-
cles included in the analysis were published in the English lan-
guage and reported data on the use of implants with lengths
<10 mm in the posterior region with reduced alveolar bone
height making the placement of longer implants impossible
without additional surgical procedures. The articles concern-
ing data on the use of orthodontic implants and post-resection
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surgery reconstruction were excluded from analysis. Any dis-
agreements between the 2 screening reviewers were resolved
by a third reviewer. No time frame was used.

To give a comprehensive topic overview, the included articles

were divided into 2 categories: treatment results and factors
influencing the efficacy of treatment.

Results

Of the 791 articles initially found, the automatic rejection of du-
plicates in Endnotes X5 software resulted in 538 articles. After
a selection of studies from databases, a bibliography of 32 eli-
gible articles was searched for other publications. Through this
method, 2 more studies were added. The selection scheme is
presented in a PRISMA flow diagram (Figure 1). Nineteen ar-
ticles (56%) were included in the “treatment results” catego-
ry, while the remaining 15 (44%) in were included in the “fac-
tors influencing treatment results” category.

Definition of Short Implants and Indications
for Their Use

The term ‘short implant’ is subjective. In most publications
this is defined as an implant length between 5 and 10 mm.
The first implants of this type and length of 7 mm were in-
troduced in 1979 by the Brdnemark system. Today, most
implantology companies offer implants shorter than 8 mm,
which has led to their common use in clinically substanti-
ated cases.

791 of records identified through
database searching

l

Identification

Figure 1. PRISMA flow diagram.
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Table 1. US preventive services task forces hierarchy of research design.

Level of

evidence Study design

% of clinical studies

No of articles Bibliography numbers

I: Rrandomized controlled trial

Ml Case reports,opinions of authorities

8% n=1 [7]
e -t m
e T lo-1214-19]
”””””” % o2 il
o ow .

The use of shorter implants is indicated in the lateral parts of
the maxilla and the mandible. These regions are the most pre-
disposed to atrophy because first molars are the first teeth lost
[2] in most cases. After their extraction, the atrophy of bone
surface develops in 30-90% of cases. The process depends on
the time from the tooth extraction and coexisting pathological
factors. The extraction of molars can also be the cause of fur-
ther negative processes such as the mesial inclination of sec-
ond molars towards the hole, which generates improper oc-
clusal loading, leading to local bone atrophy.

It has been found that the extraction of upper teeth (particu-
larly molars) leads to increased volume of the maxillary sinus
and, in consequence, to bone atrophy beginning from the si-
nus surface. It is assumed that the air pressure inside the si-
nus and features of the mucosa that lines the sinus play im-
portant roles in this process. It has been found that in cases
of Caldwell-Luc mucosectomy of the sinus due to infection, in
frequent cases, the sinus was destroyed and this significant at-
rophy of the alveolar process was not even observed [3]. Time
from extraction, age, sex, genetic predispositions, periodon-
tal disease, and the use of dentures may also influence the
degree of bone atrophy [4,5]. Additionally, the localization of
the inferior alveolar nerve can also limit the potential of im-
plantological treatment in the mandible.

Oikarinen et al. conducted a radiographic study in a population
of 431 65-year-olds, it was found that the placement of an im-
plant of at least 6 mm length was possible in the lateral part
of maxilla only in 38% of cases and in only 50% of mandible
cases [6] in the lateral zone. Therefore, the aim of this study
was to summarize and review the possibilities for the use of
short dental implants in distally reduced alveolar bone height.

Treatment Results

Thirteen clinical studies [7-19] and 6 review-type articles
[20-25] fulfill inclusion criteria.

Clinical studies

To give a comprehensive overview of clinical results, the US
Task Force evidence classification level was applied (Table 1).
Two articles [7,8] were controlled trials (1 randomized), 9 were
retrospective cohort studies, and 2 were case series. Therefore,
only 2 articles [7,8] had a sufficient level of evidence to be the
basis of clinical decisions.

The total number of short implants placed in the posterior
region across/in all studies was 5643, from which 108 were
prospectively examined. Follow-up ranged from 1 to 8 years.
From individual studies, information about location, surface,
and implant length were also collected (Table 2).

The success rate ranged from 83.7% to 100%. Nine of the 13
studies reported a success rate above 95%. The lowest suc-
cess rate was reported by Deporter [9] (83.7%) using 5-mm sin-
tered porous-surfaced implants in posterior maxilla. Sanchez-
Garces [10] found the highest failure rate for machined-surface
implants (8.4%) compared to rough-surfaced (5.9%) implants.
Renouard [11] reported a 94.6% success rate and results from
the randomized clinical trial performed by Eposito [7] were
not applicable.

From major studies we found that a greater overall success rate
was achieved in the mandible [9-14] rather than in the maxil-
la[15], with a rough [10,14,16] rather than machined surface.

A length of 5 mm seems to be crucial to the outcome due to
the highest failure rate being reported using these 5-mm im-
plants. The follow-up period length did not influence the suc-
cess rate across studies.

Review articles
Of 5 review articles, 1 was a meta-analysis [20]. Despite many

existing articles on the topic of short implants in which reviews
were included the analysis, one common finding accompanied
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Table 2. Treatment results.
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Article Number of implants  Lenght and/or surface of implants Follow up Success rate %
Esposito [7] 60 5 mm <ly Not applicable
Deporter [8] 48 7; 9 mm/rough <50.3 m, mean 32.6 m 100%

83.7%™
Deporter [9] 26 5mm 1-8y 100%™
Sanchez-Garces [10] 273 <10 mm/154 machined, 119 rough 1.8-12y 92.67%
0,
Fugazzotto [11] 2073 <10 mm <84 m 99.2%
Bruggenkate [12] 253 (42™/146™9) 6 mm/plasma sprayed 1-7y 97%
Misch [13] 745 7 and 9 mm 1-5y 98.9%
7 mm; 8,5 mm/ 96.2% — 7mm
mx md U0
Malo [14] 409 (130m/278™) 272 machined, 136 TiUnte >y 97.1% - 8.5 mm

. 405/158-short 98.9%

Testori [15] (282m/123) 7; 8.5 and 10 mm 3y 97.5%
6 and 8.5 mm/ o
Renouard [16] 96 54 machined, 42 TiUnite >2y, average 37.6 m 94.6%
Griffin [17] 168 (89m/79™) 8 mm/rough <68 m, mean 34.9 100%
Anitua [18] 1287 (570™/717™) <8.5 mm 1-8y 98.8%
Of —
Romeo [19] 265 8; 10 mm/rough 3-14y 97.9% - 8mm

97.1% — 10mm

m — month; y — year; ™ — maxilla; ™ — mandible.

all conclusions: “more scientific evidence is needed”. There are
2 reasons presented for this statement: lack of consistency in
the study designs and the low number of prospective studies
(high level of evidence). However, the major clinical findings
across all of the articles were similar. Sun [21] reported that
most (57.9%) failures occurred before prosthesis connection,
finding a tendency toward higher failure rates for the maxilla-
and machined-surfaced implants compared with the mandible
and rough surface. No statistically significant difference be-
tween the failure rates of short and standard length implants
or between implants placed in single-stage and 2-stage pro-
cedures were obtained. In a review by Annibali et al. [22], a
99.1% cumulative survival rate was reported. Similarly, Pommer
found a difference between rough- and machine-surfaced im-
plants of 99.5% / 97.2% [23], respectively. The only meta-anal-
ysis showed cumulative success rates of 92.5% and 98.42% for
machined- and rough-surface implants, respectively. Neldam
[24] confirmed these findings and showed a general pattern
of implant losses concentrated during the healing phase. Hagi
[25] observed that surface geometry plays a role in perfor-
mance of dental implants of 7 mm length or less and reported
that threaded implants had higher failure rates compared to
press-fit (non-threaded) shaped and sintered porous implants.

Factors Influencing Treatment Results

Initially, short implants were considered biomechanically unsuit-
able and their use was seen as simply experimental. However,
finite element analysis performed by Pierrisnard et al. [26]
showed that maximum stress in the implant area was largely
independent of implant length. Experimental studies on ani-
mal models confirmed that the increase of implant length from
7 mm to 10 mm did not significantly improve implant anchor-
age in the bone [27].

Short implants not only distribute stress similarly, but also
because of their length may be used in reduced bone condi-
tions for supporting distally extended cantilever, which could
reduce compressive and tensile stress by 34.7% and 19%, re-
spectively [28].

More favourable force distribution could also be obtained by
crown interlocking, in which the forces transferred to the bone
are reduced because they are absorbed by prostheses, cement,
or abutment screws. Yang [29] showed that the usage of two
7-mm implants decreases the strain caused by the use of the
oblique force in the same degree as the connection of two
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12-mm implants. Splinted implants increase functional sur-
face area and compensate for lower bone density.

An important biomechanical rule states that in case of 2 ma-
terials with different modules of elasticity and with only 1 of
them being loaded, the highest stress is found at the area of
contact of these 2 materials [30]. For an implant placed in the
bone, the highest stress is found in the first 5 mm, starting from
the implant bearing surface, which usually covers the first 3-5
threads or more if this part of the implant has microthreads
[31]. Studies showed that the surface of the implant contact-
ing with cortical bone was the most exposed to forces trig-
gered with mastication, and very little stress was transferred
to the apical portion of the implant [32]. This data suggests
that the bone area around the first 3-5 mm of the implant is
the most predisposed to atrophy. The results of the studies
led to an improvement in the functional part of the implant
structure, transferring compressive and tensile load stress to
the bone. Modifications were made, mainly involving chang-
es in the shape of threads. The number, depth, and distanc-
es between the threads were adjusted for different bone pa-
rameters. The increased number of threads and thread depth
lead to a widened implant surface at a given length and di-
ameter of the implant.

Mistakes made during the prosthetic phase are one of the
many causes of treatment failure. In a literature analysis, Das
Neves et al. [33] found that 45.1% of implant failures occurred
after loading, but if the first year of loading was also consid-
ered, the failure rate increased to 63.2%. In 27.2% of cases
the main reason was occlusal overload.

Unfavorable crown-to-implant length ratio (C/I ratio) is one of
the main factors that discourages many clinicians from the use
of short implants. However, this factor only plays an important
role in natural teeth, which results from another fixation of
the tooth compared to a stiff implant anchorage in the bone.
Tawil [34] suggests that even if the crown-to-implant ratio in-
creased by 2-3-fold, it would not increase the biomechanical
risk of implant loss and found no correlation between bone
loss in the implant area and the action of occlusive forces. He
concluded that the implant length should not determine the
height of the prosthetic crown, but one should try to eliminate
negative forces that develop due to the unfavorable crown-
to-implant length ratio.
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Conclusions

Analysis of the results from different studies on the use of
short implants suggests that the optimization of surface from
machined to rough provides a higher survival rate. Adequate
prosthetic interventions have led to an improvement in clin-
ical outcomes in treatment using short implants. Proper sur-
gical and prosthetic interventions lessen the treatment time
with short implants and limit indications for the use of more
complicated peri-implant procedures. This directly decreases
the risk of complications and patient discomfort and decreases
the cost of the procedure. Although currently available stud-
ies indicate the high success rate of short implants and could
suggest them as an alternative, there is still no study offer-
ing a sufficient level of evidence and follow-up to be the ba-
sis for clinical decisions.
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