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Abstract

implant-crown ratio are still present.

avoid sinus augmentation procedures.

stability of the marginal peri-implant bone level.

without signs of peri-implantitis.

Background: Short implants present a promising approach for patients with advanced atrophy to avoid augmentative
procedures. However, concerns about increased biological and technical complications due to an unfavorable

Purpose: The aim of the present retrospective study was to evaluate whether a reduced implant length has any
impact on implant success and peri-implant hard and soft tissue health in implants placed in the posterior maxilla to

Materials and methods: Fourteen patients received a total of 30 implants of 7-mm length in the posterior maxilla.
Implants with a mean loading period of 5 years (range 2-7 years) were followed up clinically and radiologically, with a
focus on the peri-implant soft tissue parameters probing pocket depth (PPD), bleeding on probing (BoP), and the

Results: None of the implants were lost, and no technical failures occurred. A mean PPD of 2.5 mm, a mean BoP of
13.3%, and a mean marginal bone loss (MBL) of 0.5 mm indicate healthy peri-implant hard and soft tissue conditions

Discussion: The present results indicate the suitability of implants of 7-mm length to replace missing teeth in the
posterior maxilla. An unfavorable implant-crown ratio or reduced bone-implant contact length seems to have no
negative influence on midterm implant success or on peri-implant hard and soft tissue health.
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Introduction

In the past few decades, technical developments of
dental implants in combination with continuous devel-
opment of surgical techniques and biomaterials have led
to an expansion of the indications for implant-retained
prosthetics. Prevention of atrophy after tooth extraction
by socket or ridge preservation or reconstruction of the
alveolar crest in cases of atrophy by augmentation with
autologous bone or bone substitute materials of different
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origins have become reliable treatment options to estab-
lish a sufficient implantation bed [1-4].

However, extensive augmentation procedures as therapy
of choice for all patients should be viewed critically. Due to
compromised general health, anamnestic data, or individual
demands of the patient, minimally invasive methods to re-
store oral function should be considered. In this context,
the development and scientific investigation of so-called
short implants, which are implants with reduced length,
play an important role, as they seem to allow placement of
dental implants in the molar region of the atrophic maxilla
and, at the same time, avoid the need for sinus augmenta-
tion procedures. A further indication of short implants is
the molar region of the lower jaw, in which the possibility
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of implant placement can be restricted due to the anatom-
ical position of the nervus alveolaris inferioris.

Although short implants have been reported in the lit-
erature for several years, the term “short implants” is used
quite heterogeneously to indicate implant lengths. While
in the present study short implants with a length of 7 mm
are investigated, Mangano et al. considered short implants
to have a length of 8 mm [5]. This guiding value has also
been reported as 8.5 mm, and even 10 mm, which indi-
cates scientific disagreement on this topic [6, 7].

Major concerns regarding technical and biological com-
plications due to the increased crown-implant ratio in
short-length implants have been expressed. In a systematic
review, Blanes et al. excluded correlation between the
occurrence of biological and technical complications and
the crown-implant ratio of implant-supported reconstruc-
tions [8]. Especially regarding bone loss, the literature
review showed that the crown-implant ratio does not influ-
ence peri-implant crestal bone loss. Similar findings are re-
ported by Nunes et al, who reported that dental implants
of 4-mm width and 7-mm length and implant-supported
fixed prostheses with a crown-implant ratio larger than 2
had no positive correlation to marginal bone loss [9].

In the present retrospective study, implants of 7-mm
length and a specific implant design, including a conical
implant-abutment connection and platform switching,
placed in the posterior maxilla were investigated by means
of a clinical and radiological analysis after a mean loading
period of 5 years. The aim of this study was to analyze
whether a reduced implant length has any impact on im-
plant success and peri-implant hard and soft tissue health.

Materials and methods
Study design and patient population
In the present retrospective study, 14 patients (5 females
and 9 males) with a mean age of 63 years (34—80 years)
received Conelog® Screw-line implants (Camlog Biotech-
nologies, Basle, Suisse) with a length of 7 mm. In total, 30
implants were clinically and radiologically investigated
after a mean loading period of 5 years (range 2—7 years).
All patients from the Department for Oral, Cranio-
Maxillofacial and Facial Plastic Surgery, Medical Center of
Goethe University Frankfurt who received implants of
7-mm length in the posterior maxilla to avoid a sinus
augmentation procedure within the past 7years were
screened. Furthermore, the implants had to be loaded for at
least 2 years. The initial residual bone height varied be-
tween 6 and 8 mm, leading to a bicortical fixation of the
implants. The kind of prosthetic restoration (removable/
fixed, splinted/un-splinted) was not defined as an inclusion/
exclusion criteria. Patients with incomplete data collection
and those who refused to participate in the study were ex-
cluded. A total of 17 patients met the inclusion criteria, 14
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of whom were available for follow-up investigation and
were included in the present study.

The study was approved by the ethics commission of the
medical department of Goethe University in Frankfurt am
Main, Germany (79/18), and it was conducted according
to the fifth revision of the World Medical Association Dec-
laration of 2000 (version, 2008). All participating patients
gave informed written consent to participate in the retro-
spective study and for publication of the obtained data.

All implants were placed at least 3 months after the ex-
traction of teeth in the posterior maxilla that were not able
be preserved. If necessary, minor guided bone regeneration
(GBR) procedures were performed simultaneously with the
implant placement using a xenogenous bone substitute ma-
terial (Bio-Oss®, Geistlich Biomaterials, Wolhusen, Suisse).
After a mean healing period of 4 months (range 4-5
months), prosthetic rehabilitation was performed, which
included fixed single-crown prosthetics in 21 implants and
removable implant-retained dentures in 9 implants. Out of
the 21 implants restored with single-crown prosthetics,
only 4 crowns in 2 patients were splinted (patient no. 1 and
patient no. 4, Fig. 1). All 9 implants retaining removable
prosthetics have been restored with electroplated telescopic
crowns and are therefore also not primary splinted.

After a mean loading period of 5 years (range 2—7 years),
the implants were clinically and radiologically analyzed to
determine the overall implant success, mean survival and
suitability for prosthetic rehabilitation, peri-implant hard
and soft tissue health, and patient acceptance. Further-
more, peri-implant hard and soft tissue indices, such as
bleeding on probing (BoP), probing pocket depth (PPD),
marginal bone loss (MBL), and presence of peri-implant
osteolysis, were analyzed.

Table 1 gives an overview of the patient information,
implant localization, and implant data for the retrospect-
ively investigated implants.

Analyzed implant system

In the present retrospective study, Conelog® Screw-line
implants (Camlog Biotechnologies, Basle, Suisse) of 7-mm
length and of diameters of 3.8 mm, 4.3 mm, and 5.0 mm
were used to replace missing teeth in the molar region of the
maxilla. The implant system has a Morse-locking conical
implant-abutment connection with platform switching and
3-point indexing. The Promote® surface of the implant
system is manufactured by grit blasting and acid etching that
support osseointegration.

Clinical and radiological follow-up investigation

After a mean period of 5years (range 2-7 years), the
patients were clinically and radiologically investigated at
the Department for Oral, Cranio-Maxillofacial, and Fa-
cial Plastic Surgery of the Medical Center of Goethe
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Fig. 1 The clinical images of patient 4, with implant-supported
single crowns in regions 26 and 27. No signs of a peri-implant
infection, mucositis, peri-implantitis, or marginal bone loss were
detected. a Occlusal view. b Left-side view. ¢ Orthopantogram. d
Close-up radiographic view

University Frankfurt according to previously published
methods [1, 3, 10].

The following parameters were investigated to determine
the clinical suitability of the short-length implants and the
peri-implant hard and soft tissue stability: implant survival,
ie, implants being in situ and suitable for prosthetic
restoration; the width and thickness of the peri-implant
keratinized gingiva (in mm); PPD (in mm); BoP; radiologic-
ally calculated MBL; and presence of peri-implant osteoly-
sis. The PPD was measured at 4 sites (mesio-buccal,
distal-buccal, mesio-oral, and disto-oral) with a blunt
periodontal probe. Simultaneously, to the measurement of
the probing pocket depths, the peri-implant soft tissue
was checked to see if the probing provoked bleeding
(BoP). The peri-implant MBL was calculated at digitally
recorded perpendicular single-tooth images taken rou-
tinely after implant insertion and for the regular follow-up
checks. The distance between the peri-implant marginal
bone level and the implant shoulder serving as reference
point was measured. Bone loss was measured mesially and
distally, and a mean bone loss value from these measure-
ments was calculated.

Investigation parameters

e Implant being in situ and suitable for prosthetic
rehabilitation

e Buccal width and thickness of peri-implant

keratinized gingiva

Probing depth (at 4 sites per implant)

BoP (per implant)

Peri-implant bone loss

Presence of peri-implant osteolysis

Results

Clinical results

After patient screening was performed, 30 implants in
the premolar and molar regions of the upper jaw in
14 patients met the inclusion criteria and were clinic-
ally and radiologically followed up according to the
study protocol. The aim of the follow-up investigation
was to analyze whether implants of 7-mm length are
suitable for prosthetic rehabilitation in the atrophic
maxilla to avoid a sinus augmentation procedure.
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Table 1 An overview of the patient information, implant localization, and implant data from the retrospectively investigated implants

Patient Gender (m/f)  Age (years)  Implant-localization (region)  Implant-diameter (mm)  Implant-length (mm)  Prosthetic rehabilitation
1 m 52 26 43 7 fp.
27 43 7 fp.
16 43 7 fp.
2 m 72 15 43 7 r.p.
3 f 73 15 43 7 r.p.
25 43 7 r.p.
4 f 34 26 3.8 7 fp.
27 38 7 fp.
5 m 73 14 38 7 fp.
15 38 7 fp.
25 38 7 fp.
6 m 55 15 43 7 fp.
24 38 7 fp.
7 f 83 24 38 7 r.p.
26 43 7 r.p.
8 m 62 16 5 7 fp.
26 5 7 fp.
9 m 67 16 5 7 r.p.
26 5 7 r.p.
10 f 56 16 38 7 fp.
17 43 7 fp.
" m 74 23 3.8 7 r.p.
24 43 7 r.p.
12 m 54 16 43 7 fp.
17 43 7 fp.
26 38 7 fp.
13 f 56 16 43 7 fp.
17 50 7 fp.
14 m 80 25 43 7 fp.
Total/mean:  5*f; 9*m 63 30 14¥4.3; 6¥5.0; 10*3.8 30%7 mm 21*f.p, 9*rp

f female, m male, f.p. fixed prosthetics, r.p. removable prosthetics, * e.g. 5 female and 9 male patients

After a mean loading period of 5-years, all 30 implants
were in situ and suitable for prosthetic rehabilitation
(survival rate of 100%). All implants were stable without
signs of mobility. Twenty-one implants were restored with
cement-retained fixed crowns, while 9 implants were
restored with removable superstructures. Removable su-
perstructures have been restored with electroplated
telescopic crowns and have therefore not been primary
splinted. Also, the majority of fixed superstructures (17)
have been un-splinted single crowns, while only 4 implants
in 2 patients have been restored with splinted single
crowns. No major complications during healing and load-
ing were recorded.

Analysis of the width and thickness of peri-implant kera-
tinized gingiva indicated a mean peri-implant keratinized
gingiva thickness of 1.8 mm (1-3mm) and peri-implant
keratinized gingiva width of 2.0 mm (1-3 mm). Gingival
recessions of 1 mm at the facial contour were detected in 4
implants, which led to exposition of the implant shoulder.

Measurements of the PPD were recorded at four sites
per implant (mesio-buccal, disto-buccal, mesio-oral,
and disto-oral) and indicated a mean PPD of 2.5 mm (1-5
mm). The inflammatory conditions of the peri-implant
tissue, which were analyzed by recording bleeding after
measuring the PPD, indicated BoP in 4 of the 30 im-
plants, so the BoP ratio was 13.3%. A distinct correlation
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between an increased PPD and increased BoP was shown,
as the BoP was recorded at most implants presenting with
PPDs of more than 4 mm. The entire clinical follow-up
investigated revealed no impact of prosthetic restorations
(fixed or removable, splinted or un-splinted prosthetics)
on per-implant soft-tissue health.

Radiological results
To analyze peri-implant bone loss over the study period
of 5 years, digitally recorded perpendicular single-tooth
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images recorded immediately after implant placement
and at the follow-up investigation were compared.

A mean total peri-implant marginal bone loss of
0.5mm, ranging from 0 to 1.5mm, was shown.
Sub-analysis indicated mesial peri-implant bone loss
of 0.4 mm and distal peri-implant bone loss of 0.6 mm.
Furthermore, no signs of acute peri-implant infection or
peri-implant osteolysis were presented, and no differ-
ence regarding prosthetic restoration could be observed
(Table 2).

Table 2 An overview of the results of the clinical and radiological follow-up investigation

Patient Implant- Implant-loss Buccal width  Buccal thickness Probing depth Bleeding on  Marginal bone  Recession Presence of
localization (+/-) of keratinized of keratinized (mm) at four sites probing (+/-) loss (mm) (mm) peri-implant
(region) peri-implant  peri-implant (mb, db, mo, do)  (per implant)  (mesially osteolysis
gingiva (mm) gingiva (mm) and distally) (+/-)
1 26 - 2 2 3,222 - 0,0 - -
27 - 2 2 2,323 - 0,0 - -
16 - 3 3 2,2,2,2 - 0,05 - -
2 15 - 1 1 3,322 - 1,1 - -
3 15 - 2 3 2,322 - 0,0 - -
25 - 2 2 2,2,2,2 - 0,0 - -
4 26 - 3 3 3,222 - 0,05 - -
27 - 2 2 3,3,22 - 05,05 - -
5 14 - 3 2 2,2,3,2 - 0,05 - -
15 - 2 2 2,322 - 05,1 - -
25 - 2 2 2,2,1,2 - 0,05 - -
6 15 - 3 2 1,1,21 - 0,0 - -
24 - 3 2 2,233 - 0,1 - -
7 24 - 1 1 2,3,2,2 - 05,05 - -
26 - 1 1 3,333 - 05,05 - -
8 16 - 2 2 3,3,44 - 1,1 - -
26 - 2 2 3,434 - 1,1 - -
9 16 - 1 1 3,4,33 - 05,05 1 -
26 - 1 1 3,333 - 05,05 1 -
10 16 - 2 2 3,344 + 1,1 - -
17 - 2 1 3,3,43 + 1,15 - -
" 23 - 1 1 4,3,35 + 1,1 1 -
24 - 1 1 54,273 + 1,1 1 -
12 16 - 2 2 2,2,2,2 - 0,05 - -
17 - 2 2 2,322 - 0.5, 05 - -
26 - 2 2 2,2,2,2 - 0,0 - -
13 16 - 2 2 2,3,2,2 - 0,1 - -
17 - 2 2 2,2,2,3 - 1,1 - -
14 25 - 3 2 211,22 - 0,05 - -
Total/mean: 30 0 20mm 1.8 mm 2.5mm (1-5mm) 13.3% of 0.5 mm 133% of 0
(1-3mm) (1-3mm) implants (0-1.5mm) implants
mesially: 0.4 mm;
distally: 0.6 mm

mb mesio-buccal, db disto-buccal, mo mesio-oral, do disto-oral, + present, — absent
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Discussion

In the present retrospective study, dental implants of re-
duced length (7 mm) that were placed in the posterior
maxilla to avoid sinus augmentation procedure were
clinically and radiologically followed up after a mean
loading period of 5years. The clinical and radiological
results demonstrate successful midterm results regarding
implant survival and peri-implant hard and soft tissue
health. Low levels of bleeding on probing and the prob-
ing pocket depths indicate the absence of acute or
chronical peri-implantitis and are therefore in accord-
ance with the low values of peri-implant bone loss ob-
served. Furthermore, the obtained favorable clinical and
radiological results seemed to be independent of the
applied prosthetic rehabilitation, as both, fixed and remov-
able and splinted and un-splinted prosthetics, did not
show any difference in clinical and radiological results.

Although bone augmentation procedures, such as sinus
augmentation procedures, are frequently performed and
well researched, patient demands tend to indicate minim-
ally invasive treatments and reduced treatment periods
[11]. The technical progress in implant materials and de-
sign over the past decades led to an expansion of the avail-
able implant diameters and lengths and, consequently,
increased the ability to replace missing teeth, even in pa-
tients with reduced alveolar ridge dimensions. However,
the acceptance of implants with reduced length, and,
therefore, often an increased implant-crown ratio and as-
sociated adverse loading forces, is still reduced compared
to standard-length implants. Research of the literature
shows that most of these concerns are unfounded.
Randomized clinical trials as well as systematic reviews
show comparable clinical mid- and even partial long-term
results when comparing “short implants” and conven-
tional implants placed in combination with augmentative
procedures. In a randomized multicenter study, the effi-
cacy of short (5 or 6 mm long) dental implants compared
to 10 mm or longer implants placed in crestally lifted si-
nuses indicated no significant differences regarding pros-
thesis and implant failures, complications, and radiographic
peri-implant marginal bone level changes after a follow-up
period of 3 years [12].

In a systematic review, Lemos et al. compared short
implants with a length of 8 mm or less to standard
implants (larger than 8 mm) placed in posterior re-
gions of the maxilla and mandible. The authors
reviewed 13 studies with a total of 1269 patients who
had received a total of 2631 dental implants. Short
implants showed marginal bone loss, prosthetic fail-
ures, and complication rates similar to those of stand-
ard implants. Therefore, short implants have been
considered a reliable treatment for posterior jaws, es-
pecially in patients who require complementary surgi-
cal procedures [13].
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In addition to biological complications, such as marginal
bone loss, an increased crown-implant ratio has been
suggested to increase the risk for technical complications
of implant components. In an in vitro investigation, the
influence of increased crown-to-implant ratios and mech-
anical stress on fracture and screw loosening was investi-
gated. It was shown that an increased crown-implant ratio
does not positively correlate with more frequent technical
complications such as screw loosening [14].

Within the limits of the present single-arm study, such
as the limited number of patients (14) and the midterm
observation period of 5 years, implants with a length of
7 mm are suitable to replace missing teeth in the poster-
ior maxilla and avoid sinus augmentation procedures.
Though the literature reports predominantly satisfying
results, further performance of prospective multicenter
studies with high scientific evidence seems to be import-
ant to overcome the continued concerns about increased
technical and biological susceptibility.

Conclusion

The present retrospective study analyzed the clinical and
radiological performance of dental implants of 7-mm
length in the posterior maxilla used to avoid sinus aug-
mentation procedures. After a mean period of loading of
5years, a survival rate of 100% and an absence of
peri-implant infections were detected, which leads to the
conclusion that “short implants” are a reliable treatment
option to avoid sinus augmentation procedures and re-
place missing teeth in the posterior maxilla.
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