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From Galileo to Bacon, the science has always tried to bring
the scientific discipline on the road of “evidence” in face of
many possible and arbitrary “opinions.” For instance, the
Cochrane Library exists so that healthcare decisions could
get better. "is organization tried to certify this “evidence”
using a methodologic approach. Nevertheless, in oral and
maxillofacial surgery, most of systematic reviews founded
weak or no evidence that any particular type of intervention
is better than any other.

Evidence medicine (EBM) has been defined as “the ju-
dicious use of the best current evidence in making decisions
about the care of the individual patient” [1]. It was assumed
that only randomized trials can generate level I evidence.
Particularly, due to its rigor in design and control for different
types of bias, randomized double-blind placebo controlled
trials have had the largest impact in leading clinicians toward
the concept of EBM. However, other methods, such as
prospective cohort studies, can also be used for evidence-
based decision making.

"e rationale behind the EBM is to analyze only the
effect of the drug, removing the patients’ and operators’
variables. To cancel patient variability, sample size should be
in the order of thousands. At the same time, the only skill
required to the operator is to display a pill. EBM has been
applied to surgery over the past decades with increasing
numbers of randomized controlled trials (RCTs). Neverthe-
less, interpretation of its clinical meaning might be prob-
lematic in the dental surgical field. In fact, despite a test
technique can be compared to a control one in a ran-
domized modality, to ensure that the techniques can be
precisely defined and then performed in a standardized

manner for each operator remains challenging. "e skill of
the operator, which remains the most important variable,
must not be underestimated. Finally, due to the ethical
conflicts intrinsic to the surgical field, sample size is very
often small, and despite statistical tricky analyses and strict
inclusion/exclusion medical criteria, patient variability
cannot be excluded. Very often, in fact, to statistically increase
numbers and apparently generalize the meaning of the
message, the biology behind the cases is underestimated
and the outcomes are so generalized to lose a specific clinical
effectiveness.

Although the start of this methodologic approach was
really promising, its, so far, extensive and maybe misin-
terpreted use in the surgical field might represent only a tricky
way to publish.

Controversially, in the modern implant dentistry, bio-
logic (a composite neologism to express the need to combine
knowledge of biology and the use of the logic) could be the
key factor to interpret and choose the correct surgical (and
not only) techniques to treat a clinical case. At the light of the
third millennium clinical demands, interpretation of the
evidence in surgical dentistry through Cochrane’s guidelines
might appear problematic due to the nature of surgery itself.
Outcomes of systematic reviews (at least with the actual
standards) should be used as approximate indications.

Randomized controlled trial and systematic review will
continue to be a safety margin not to go beyond, but the
message to spread to the scientific community should be to
encourage the production of long-term prospective and also
retrospective study conducted in clinical practice. "ese
might provide less high levels but without forgetting the
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importance of the experience and the operator skill, just
focusing on the potential limits and complications of the
technique itself.

Luigi Canullo
Eitan Mijiritsky

Silvio Mario Meloni
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Objectives. To identify whether there is a relationship between different implant shoulder positions/orientations/designs and
prosthetic and/or implant failures, biological or mechanical complications, radiographic marginal bone loss (MBL), peri-implant
buccal recession (RC), aesthetic scores (Papilla Index, PES, andWES), and patient satisfaction after a minimum of 1 year function in
the aesthetic zone, compared to the two-piece, conventional implant neck architecture.Materials andMethods.)e systematic review
was written according to the PRISMA guidelines. )e search strategy encompassed the English literature from 1967 to September
2016 and was performed online (in the PubMed database of the U.S. National Library of Medicine, Embase, and the Cochrane
Library) to identify relevant studies that met the inclusion criteria. )e assessment of quality and risk of bias of the selected
manuscripts was performed according to the guidelines provided by CONSORT and STROBE statements. Results. A total of 16
articles (7 randomized controlled trials, 4 observational comparative studies, and 5 systematic reviews) were selected to fulfill the
inclusion criteria. A trend of higher implant failure and prosthetic complications were experienced in the one-piece group compared
to the two-piece group, although no statistically significant differences were found. Higher marginal bone loss was found in the test
group (one-piece, scalloped implants) compared to the control group (two-piece, flat implants). No comparative studies reporting
data on sloped implants were found that fulfilled the inclusion and exclusion criteria of this systematic review. No differences were
experienced between groups regarding aesthetic outcomes and patient satisfaction. Conclusions. )ere was sufficient evidence that
different implant shoulder positions/orientations/designs (scalloped, sloped, and one piece) offer no benefit when compared to two-
piece, conventional flat implants. Current evidence is limited due to the quality of available studies.

1. Introduction

Stability of the peri-implant soft and hard tissues is a pre-
requisite for a long-term aesthetic and function of implant-
supported restoration [1]. In two-piece implants, early bone
loss is observed after the connection of the abutment and
delivery of final prosthesis, mostly due to the biologic width
establishment [2–6]. )is concept is being hypothesized as
one of the most likely causes of early implant bone loss [2, 3].

)e effect of surgical trauma, implant surface characteristics,
macrodesign of the implant, and type of implant-abutment
connection, as well as implant placement depth, soft tissue
thickness, distance between adjacent implants, and abut-
ment height, may all contribute to this process [4–6].

Traditionally, implants are two pieces, and they
were placed in a two-step surgical procedure [7]. Two-piece
designs can offer increased flexibility, with connections
possible at the bone level, and wound closure can be easier.
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In the 1980s [8], Schroeder and colleagues introduced an
implant where the bone anchorage unit and contiguous
transmucosal component were manufactured in a single
unit. With one-piece implant designs, the transmucosal part
is incorporated into the implants. )is was an attempt to
minimize crestal bone loss that reduces contamination of
the implant-abutment junction. Furthermore, by using
a one-piece implant, the second surgery procedure is
avoided, as well as abutment connection/disconnection. )e
advantage of this procedure is to avoid the presence of a gap
or micromovement at the implant-abutment junction for
a beneficial effect on the peri-implant soft and hard tissues
[9]. Nevertheless, compared with two-piece implants, they
are much more difficult to place in the prosthetically driven
position (height and angulation), which makes one-piece
implants even more difficult to finalize. On the other hand,
new implant and abutment designs have been proposed to
minimize the crestal bone loss. Platform switching is done
whenever an abutment is used that is smaller in diameter
than the implant platform. )is concept has been proposed
as an effective prosthetic concept to reduce the amount of
peri-implant bone loss around dental implants [10]. )e
concept of horizontal offset (platform switching) has made it
possible to place implant shoulders at the crestal bone level
with predictable minimal marginal bone resorption [10].
Scalloped and sloped implants represent other design
changes that advocate for maintaining marginal bone levels
[11–13].)e scalloped implant was designed with a modified
platform that mirrors the natural cement-enamel junction of
the anterior teeth and follows the anatomic contour of the
anterior alveolar bone crest. )e scalloped implants were
developed with the intent of preserving interdental bony
peaks, supporting the soft tissue, thereby maintaining or
creating interimplant papillae [11, 12]. Recently, a dental
implant with a sloped marginal contour and a height dif-
ference of the implant shoulder of approximately 1.5mmhas
been developed with the aim of improving the congruence
between the implant and the bone in extraction sites and
sloped ridges [13].

)e main objective of this systematic review was to
compare the prosthetic and/or implant failures, biological or
mechanical complications, radiographic marginal bone loss,
peri-implant buccal recession, aesthetic scores, and patient
satisfaction after at least 1 year of function, around single- or
multiple-tooth implant-supported restorations in the aes-
thetic zone, on the two-piece, conventional implant neck
architecture (flat implants with the same level on 360°) and
one-piece, scalloped, or sloped implants.

2. Materials and Methods

)is systematic review was written according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [14]. )e focused question
was to identify whether there is a relationship between
different implant shoulder positions/orientations/designs
(one piece, scalloped, and sloped) and prosthetic and/or
implant failures, biological or mechanical complications,
radiographic marginal bone loss, peri-implant buccal

recession, aesthetic scores, and patient satisfaction after at
least 1 year of function, compared to two-piece, flat implants
with the same level on 360°. Initially, PICOS question
(population (P), intervention (I), comparison (C), outcomes
and study design (O), and study type (S)) defined the search
strategy, where P� single and partial edentulous patients
required an implant-supported restoration in the aesthetic
zone; I� different implant shoulder positions/orientations/
designs (scalloped, sloped, and one piece), after at least 1
year of function; C� two piece and same level on 360° (flat
implants); O� prosthetic and/or implant failures, biological
or mechanical complications, radiographic marginal bone
loss (MBL), peri-implant buccal recession (BR), aesthetic
scores (Papilla Index, PES, andWES), and patient satisfaction
(patient questionnaire and VAS); and S� randomized con-
trolled clinical trials (RCTs), case-control studies, and cohort
studies.

2.1. Search Strategy. An initial search strategy that includes
the English literature from 1967 to September 2016 was
performed to identify relevant studies that met the inclusion
criteria of this systematic review. )e following databases
were consulted: Embase (Excerpta Medica dataBASE),
PubMed database of the U.S. National Library of Medicine,
Grey Literature Database (New York Academy of Medicine
Grey Literature Report), and the Cochrane Library.
Screening was performed independently and simultaneously
by two calibrated examiners (MTand SMM). )e electronic
databases were searched using the following terms:
(((“dental implants”[Mesh] AND “dental implant abutment
design”[Mesh]) OR “dental implant abutment interface”[All
Fields]) OR (one[All Fields] AND piece[All Fields] AND
implant[All Fields])) OR ((“scalloped”[All Fields]) AND
implant[All Fields]) OR (sloped[All Fields] AND implant
[All Fields]) AND English[lang].

2.2. Eligibility Criteria. )e following inclusion criteria were
defined for the selection of articles:

(i) Written in English
(ii) Evaluate in their protocol the prosthetic and/or

implant failures, biological or mechanical compli-
cations, radiographic marginal bone loss, peri-
implant buccal recession, aesthetic scores, patient
satisfaction, and/or the influence of the implant
shoulder position/orientation/design on soft and
hard tissue levels around single or multiple implants
in the aesthetic zone with scalloped, sloped, and
one-piece implants and a two-piece, conventional
implant neck architecture (flat implants featured
with the same level on 360°)

(iii) Randomized controlled clinical trials of implants of
≥1 year in function

(iv) Observational (prospective and retrospective) case-
control studies of implants of ≥1 year in function

(v) Cross-sectional comparative studies of ≥1 year in
function
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(vi) Systematic reviews, narrative reviews, consensus
statements, commentaries, or editorials

Articles were excluded if they were

(i) observational (prospective or retrospective) cohort
studies without the control group;

(ii) in vitro studies;
(iii) finite element analyses;
(iv) animal studies;
(v) reports with <5 cases;
(vi) reports involving mini-implants, zirconia implants,

or blade implants;
(vii) reports on implants of <1 year in function.

2.3. Data Extraction. )e two calibrated reviewers screened
all the data from the selected papers. Cohen’s kappa values
between examiners were calculated at both the stages of the
research. Discrepancies were resolved by consensus, and
a third examiner was consulted (LC). Articles without ab-
stracts but with titles related to the objectives of this study
were included, and their full texts were screened for possible
eligibility. Reference lists of the selected articles, including
published systematic reviews, were screened for possible
additional papers.

)e following outcome measures were analyzed when
available: [1] prosthetic and/or implant failures leading to
loss or removal of the prosthesis and/or implant [2], bi-
ological or mechanical complications [3], radiographic
marginal bone loss (MBL) [4], peri-implant buccal recession
(BR) [5], Papilla Index, pink aesthetic score (PES), and white
aesthetic score (WES) [6], and patient satisfaction (patient
questionnaire and VAS).

2.4. Assessment of Quality, Heterogeneity, and Risk of Bias of
Individual Studies. )e same reviewers assessed the quality
of the included manuscripts, heterogeneity, and the risk of
bias according to the guidelines provided by the CONSORT
statement for the evaluation of randomized controlled trials
(http://www.consort-statement.org) [15] and the STROBE
statement for observational studies (http://www.strobe-
statement.org), as well as the modified items from the
Cochrane Collaboration’s tool for assessing risk of bias [16].
)e overall risk of bias was expressed as the percentage of
negatively graded items [16]. Quality assessment was per-
formed on the published full-text articles, independently by
both reviewers. Disagreements between them were resolved
upon discussion. An estimation of plausible risk of bias (low,
moderate, or high) was completed for each selected study
according to the Cochrane Handbook for Systematic Re-
views of Interventions (version 5.1.0. http://www.cochrane.
org/resources/handbook).

3. Results

3.1. Study Selection. A total of 945 potentially relevant titles
and abstracts were found after the initial electronic and

manual search. At this stage, 810 articles were excluded (% of
agreement: 89.2%; Cohen’s k: 0.35). Complete full-text
manuscripts of the remaining 135 articles were evaluated,
and 119 articles were excluded since they did not fulfill the
inclusion criteria (% of agreement: 97.0; Cohen’s k: 0.85),
scoring an almost perfect agreement. Finally, a total of 16
articles that fulfilled the inclusion criteria of this systematic
review were included in the qualitative analysis. Overall, data
from 221 one-piece implants placed in 107 patients, 139
scalloped implants placed in 96 patients, and 366 flat im-
plants (same level on 360°) placed in 207 patients were
evaluated. No comparative studies reporting data on sloped
implants that fulfilled the inclusion criteria were founded. Of
the 16 selected studies, 7 were randomized controlled trials
[9, 17–22], 4 were observational comparative studies (2
retrospective and 2 prospective) [23–26], and 5 were sys-
tematic reviews [27–31]. A diagram of the search strategy is
shown in Figure 1.

)ree pairs of manuscripts reported data from the same
cohort of patients. Sanz Martin et al. [17] and )oma et al.
[18] published two manuscripts based on the same cohort of
60 patients, reporting volumetric soft tissue change and
demographic and radiographic results, respectively. Van
Nimwegen et al. [19] published a 5-year follow-up report on
the 1-year report of Tymstra et al. [22]. Finally, den Hartog
et al. published two manuscripts reporting data from single
implants in the aesthetic zone with different neck designs.
)e first manuscript was published in 2011 and was aimed at
reporting radiological and clinical outcome measures [20],
while the secondmanuscript, published 2 years later, focused
on the aesthetic outcomes from both professional’s and
patient’s perception [21].

3.2. Risk of Bias. )e 16 selected studies were published
between 1993 and September 2016. None of the publications
were associated with a low risk of bias, while five with a high
risk of bias and six with a moderate risk of bias (Table 1).)e
included articles received minimum grading when written in
agreement with the CONSORT/STROBE statement guide-
lines (0/11), evaluating submission to ethical committees
(5/11), none or unclear randomization procedures (7/11),
none or unclear allocation concealment (9/11), and blinding
of participants/outcome assessors (0/11) (Table 1).

3.3. Prosthetic and/or Implant Failures and Biological or
Mechanical Complications. Nine of the eleven clinical
studies reported data on implant failure/success. Two studies
regarding one-piece implants compared with two-piece
implants scored a cumulative survival rate of 100% in
both test and control groups [23, 26]. )oma et al. [18]
reported one implant failure in the one-piece group and
none in the two-piece group. Duda et al. [24] reported 9
implant failures in the one-piece group (7 immediately
loaded and 2 delayed loaded), while no implant failure
was reported in the two-piece group. Most of these failures
were experienced due to biological complications (peri-
implantitis and lack of osseointegration). Conversely,
Heijdenrijk et al. [9] reported 2 implant failures in the
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two-piece implants compared to no failure in the one-piece
group. All the implant failures were reported within the first
year after function.

)ree studies reported data from scalloped implants. den
Hartog et al. [20, 21] reported only 1 implant failure in the
control group (same level on 360°) compared with scalloped
implants. Tymstra et al. [22] reported a cumulative survival
rate of 100% in both groups at 1 year of follow-up, while Van
Nimwegen et al. [19], over the same cohort of patients, re-
ported 2 implant failures in the scalloped group, 4 years after
their placement, due to extensive peri-implant bone loss.

Only one study included clinical complications as an
outcome measure [23]. In this study, Ormianer et al. re-
ported 8 porcelain fractures in the two-piece group and 4 in
the one-piece group. Nevertheless, no statistically signifi-
cant difference was found. All data are reported in Table 2.
Finally, two systematic reviews of Barrachina-Dı́ez et al.
[27, 28] reported a high long-term survival rate but also high
frequency of technical and biological complications in one-
piece implants, both in one-part and two-part designs.

3.4. One-Piece versus Two-Piece Implants (MBL and BR).
Sanz Martin et al. [17] and )oma et al. [18] published two
randomized controlled clinical trials on the same cohort of
60 patients (151 implants), aimed at assess the volumetric
changes of the buccal soft tissues between baseline and 1 year
after loading follow-up, [17] and to compare the clinical and
radiographic outcomes using one-piece (n � 65; Straumann)
and two-piece (n � 86; Nobel Biocare External Hex) dental
implant systems [18]. )ese researches failed to find signif-
icant differences between the one- and two-piece implant
types with regard to tissue thickness, crown height (CHC),
and facial tissue volume (VC). Conversely, the two-piece
group exhibited slightly less bone loss during the evaluated
period. Differences between the two groups reached a statis-
tical significance with less bone loss for the two-piece group.

Ormianer et al. [23] analyzed retrospectively one-piece
(n � 34; Zimmer One-Piece, Zimmer Biomet) and two-piece
(n � 38; Tapered Screw-Vent, Zimmer Biomet) implants
placed in themandible of the same patients (n � 24) according
to a split-mouth design. After 5 years of function, marginal
bone loss did not significantly differ between one- and two-
piece dental implant systems (the mean MBL is not reported).

Duda et al. [24] in a retrospective comparative study
evaluated clinical outcomes of immediate insertion and
loading of one-piece implants (49 implants in 13 patients;
Q-Implant; Trinon Titanium GmbH, Karlsruhe, Germany),
compared to delayed loading of immediately placed one-piece
implants (24 implants in 11 patients; Q-Implant; Trinon Ti-
tanium GmbH), and delayed placed two-piece nonsubmerged
implants (39 implants in 10 patients; Q-Implant; Trinon Ti-
tanium GmbH). Mean MBL was 1.45mm and 1.71mm at the
5-year follow-up for one-piece implants with immediate
loading and delayed loading, respectively. In case of two-piece
implants, the mean MBL was 0.9mm at the 3-year follow-up.
)e authors concluded that two-piece implants showed less
MBL compared with one-piece implants in both the maxilla
and mandible [24]. On the other hand, there was no statistical
difference in MBL between immediate and delayed loaded
one-piece implants, but immediate loaded implants showed
more MBL in the maxilla [24].

Finally, Heijdenrijk et al. [9] in a randomized controlled
trial with 5-year follow-up reported that the microgap at the
implant-abutment interface in two-piece implants does not
appear to have an adverse effect on the amount of peri-
implant bone loss compared with one-piece implants [9]. All
of the data are reported in Table 2.

3.5. Scalloped Implants (MBL and BR). Van Nimwegen et al.
[19] randomly compared 20 patients with two adjacent implant-
supported restorations delivered on scalloped implants (n � 20;
NobelPerfect Groovy, Nobel Biocare) and implants with a flat

Records identified through electronic and
manual search (n = 945)

Records a�er full-text selection (n = 16)

Observational comparative studies
(n = 4)

RCT studies
(n = 7)

Systematic reviews
(n = 5)

Records a�er title and abstract selection
(n = 135)

K = 0.35

K = 0.85

Figure 1: Flow chart.
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platform (n � 20; NobelPerfect Groovy). )is study is a 5-year
follow-up on the 1-year preliminary report of Tymstra et al.
[22]. More bone loss and more BoP with compromised
interimplant papilla regeneration were found around scalloped
implants. Nevertheless, the implant crown aesthetic index, as
well as patient satisfaction, was not significantly different be-
tween the groups [19, 22].

den Hartog et al., in two similar randomized controlled
trials with 18 months of follow-up [20, 21], evaluated the
aesthetic outcome and the marginal bone level changes of
anterior single-tooth implants with three different implant
shoulder (neck) designs: a 1.5mm machined implant neck
(Replace Select Tapered, Nobel Biocare AB, Göteborg,
Sweden), a rough implant neck with grooves (NobelReplace

Table 2: Results of the included studies.

Author and
year Patients/implants Follow-

up
Failed

implants Complications MBL
(mm) BR Papilla

Index PES/WES Patient
questionnaire/VAS

One-piece (test, T) versus two-piece (control, C) implants

Heijdenrijk
et al. 2006 [9]

T 20/40 5 years 0 NR 1.8 NR NR NR NR
C 20/40 5 years 1 NR 1.6 NR NR NR NR
C 20/40 5 years 1 NR 1.4 NR NR NR NR

Sanz Martin
et al. 2015
[17]∗

T 30/65 1 year NR NR NR
CHC:
−0.17;

VC: −0.03
NR NR NR

C 30/86 1 year NR NR NR
CHC:

0.02; VC:
−0.12

NR NR NR

)oma et al.
2014 [18]∗

T 30/65 1 year 1 NR 0.27 NR NR NR NR
C 30/86 1 year 0 NR 0.05 NR NR NR NR

Ormianer
et al. 2016
[23]

T 24/34 5 years 0 4ç NR NR NR NR NR

C 24/38 5 years 0 8ç NR NR NR NR NR

Duda et al.
2016 [24]

T 13/49§ 5 years 7 NR 1.45 NR NR NR NR
T 11/24° 5 years 2 NR 1.71 NR NR NR NR
C 10/39 3 years 0 NR 0.9 NR NR NR NR

One-piece (test, T) versus two-piece (control, C) scalloped implants

McAllister
2007 [26]

T 9/9 18
months 0 NR NR NR 16 : 3;

2 : 2 NR NR

T 13/16 28
months 0 NR NR NR 25 : 3;

7 : 2 NR NR

C NR/12 12
months 0 NR NR NR NR NR NR

Scalloped (test, T) versus flat (control, C) implants
Van
Nimwegen
et al. 2015
[19]∗

T 20/40 5 years 2 2 3.4/2.4 NR 16, 32 NR 8.4

C 20/40 5 years 0 0 1.5/1.3 NR 19, 38 NR 9.1

den Hartog
et al. 2011
[20]∗

T 31/31 18
months 0 NR 2.01 0.25

36 : 3;
41 : 2;
23 :1

NR NR

C 31/31 18
months 1 NR 1.19 0.18

31 : 3;
53 : 2;
16 :1

NR NR

C 31/31 18
months 0 NR 0.9 0.28

34 : 3;
45 : 2;
19 :1

NR NR

den Hartog
et al. 2013
[21]∗

T 31/31 18
months 0 NR 2.01 NR NR 6.6/7.2 9.1

C 31/31 18
months 1 NR 1.19 NR NR 6.0/7.2 8.8

C 31/31 18
months 0 NR 0.9 NR NR 6.3/7.4 8.9

Tymstra et al.
2011 [22]∗

T 20/40 1 year 0 NR 2.7/2.6 0.3 19, 38 NR 8.6
C 20/40 1 year 0 NR 0.9 0.1 19, 38 NR 8.3

Khraisat et al.
2013 [25]

T 12/12 3 years NR NR 3.48/3.52 NR NR NR NR
C 12/12 3 years NR NR 1.35/1.27 NR NR NR NR

∗Manuscripts that included the same cohort of patients; çporcelain fractures; §immediately loaded one-piece; °delayed loaded one-piece; NR: not reported;
CHC: crown height changes in mm; VC: volume changes in mm.
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Tapered Groovy, Nobel Biocare AB), and a scalloped rough
implant neck with grooves (NobelPerfect Groovy, Nobel
Biocare AB). Although there was a statistically significant
difference inMBL between different implant shoulder designs
(smooth neck 1.19± 0.82mm, rough neck 0.90± 0.57mm,
and scalloped neck 2.01± 0.77mm), there were no differences
between groups regarding the PES/WES outcomes, as well as
patient satisfaction. In a prospective comparative study,
Khraisat et al. [25] evaluated MBL and soft tissues around
single implants with the scalloped shoulder design (Nobel
Perfect, Nobel Biocare) and a smooth collar of 1.5mm, within
3 years of function. )e mean MBLs around scalloped im-
plants were compared to MBLs around conventional flat
platform 3.75mm diameter TiUnite surface implants with
external hex (MK III RP, Nobel Biocare), after both 1 and 3
years of function. )e results of the present prospective study
demonstrated that scalloped implants did not maintain
marginal bone levels. All of the data are reported in Table 2.

Data from other reviews provide insufficient evidence about
the efficacy of scalloped implant designs in the stability of peri-
implant tissues [30, 31]. On the other hand, favorable results
regarding scalloped implants were reported by Prasad et al. [29].

3.6. One-Piece versus Two-Piece Scalloped Implants. Con-
secutively, restored one-piece (NobelPerfect One-Piece) and
two-piece (NobelPerfect, Nobel Biocare) scalloped dental
implants were radiographically and clinically compared in
a study of McAllister [26]. Radiographic evaluation of 16
two-piece scalloped implants and 9 one-piece scalloped
implants revealed enhanced interproximal bone levels
compared to a nonscalloped conventional flat-top implant
design. Based on the Jemt system for interproximal soft
tissue level evaluation, 78% of the two-piece implants scored
3 and 22% scored 2 and 89% of the one-piece implants
scored 3 and 11% scored 2. )e authors concluded that
enhanced interproximal tissue preservation from scalloped
implant designs may lead to more predictable aesthetic
dental implant restorations in the anterior maxilla. All of the
data are reported in Table 2.

3.7. Sloped Implants (MBL and BR). No comparative studies
reporting data on sloped implants were found that fulfilled
the inclusion and exclusion criteria of this systematic review.

3.8. Aesthetic Outcomes (Papilla Index, PES, and WES) and
Patient Satisfaction. Four studies reported no differences in
aesthetic outcomes between scalloped and flat implants
[19–22]. Tymstra et al. [22] and Van Nimwegen et al. [19]
evaluated the soft tissues around the adjacent implants and
the neighbouring teeth using the Papilla Index according to
Jemt [32]. den Hartog et al. [20, 21] analyzed the volume of
the interproximal papilla using the Papilla Index in the first
study [20] and two objective aesthetic indexes, pink aesthetic
score/white aesthetic score (PES/WES) and implant crown
aesthetic index (ICAI), in the second study [21]. )ree of
them reported outcomes on patient satisfaction, using the

patient questionnaire or VAS, scoring no differences be-
tween groups [19, 21, 22]. All the data are reported in Table 2.

4. Discussion

)e aim of this systematic review was to identify whether
there is a relationship between different implant shoulder
positions/orientations/designs in the anterior dentition and
prosthetic and/or implant failures, biological or mechanical
complications, radiographic marginal bone loss, peri-
implant buccal recession, aesthetic scores, and patient sat-
isfaction after a minimum of 1-year function. )e types of
the implant analyzed were one-piece implants, compared
with two-piece implants, and scalloped and sloped implants,
compared with the conventional implant neck architecture
(flat implants with the same level on 360°).

)e results of the present systematic review indicate that
different implant shoulder positions (scalloped, sloped, and
one piece) seem to offer no benefit when compared to
conventional, two-piece, flat implants.

A trend of higher implant failure and prosthetic com-
plications were experienced in the one-piece group com-
pared to the two-piece group, even if no statistically
significant differences were found. )is is in agreement with
two systematic reviews by the same author [27, 28] which
concluded that, despite high long-term prosthetic survival
rates, technical and biological complications are frequent in
one-piece implants independently by the loading protocols,
implant surfaces, or type of edentulism.

One-piece implants are generally placed in a non-
submerged approach. )is means that implant placement is
performed in a single surgical procedure, with no need for
surgical reopening. Compared to a two-stage procedure, this
approach is more comfortable for the patient, due to the
fewer number of surgeries, and reduces the healing period.
Implant shoulder placed at the level of the soft tissue offers
many advantages since it is easily accessible for procedures
such as impression taking and represents an excellent basis
for cemented implant restorations [17, 18]. Moreover, due to
its design, one-piece implants have their transmucosal
surface unaltered during all of the prosthetic procedures
since abutment reconnection is avoided (one-piece, one-part
implants) or it is performed at the supramucosa or marginal
mucosa level (one-piece, two-part implants). )is avoids
trauma to the soft tissue, which could result in a more apical
position of the connective tissue and be responsible for
additional marginal bone resorption.

A clinical study by Heijdenrijk et al. [9] evaluated
the feasibility of using a two-piece implant system in a
nonsubmerged procedure compared to the two-piece im-
plant system placed in the traditional submerged procedure
and one-piece implants placed in a nonsubmerged pro-
cedure. After 5 years of functioning, no association was
found between the level of the microgap and the amount of
bone loss, suggesting that two-piece implants used in
a nonsubmerged procedure may be as predictable as when
used in a submerged procedure or as one-piece implants [9].

)ree studies included in this review reported differences
in MBL between one- and two-piece implants. )oma et al.
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[18] and Duda et al. [24] reported higher MBL in the one-
piece implants, whilst Ormianer et al. [23] reported no
differences between groups. Sanz Martin et al. [17] assessed
the volumetric changes of the buccal soft tissue between
baseline and 1 year of loading between one- and two-piece
dental implants. )is research failed to find significant
differences between the one- and two-piece implant types
with regard to tissue thickness, crown height, and facial
tissue volume.

)e concept of scalloped implants was introduced to
maintain the alveolar ridge and the peri-implant soft tissue
contour by mimicking the scalloped shape of natural topog-
raphy of the healthy marginal bone contour [12]. )e long-
term results showed stable soft tissues around the scalloped
implants in spite of some loss of marginal bone support in
relation to the originally intended marginal bone level [33].

)e primary aesthetic goal of the scalloped implant
design is to avoid the dark, triangular space known as the
‘‘black triangle.’’ )is space appears when bone remodeling
results in loss of osseous support for the papillae [34]. )e
aesthetic concern is increased when a patient presents an
alveolar morphotype, with a pronounced scalloped profile of
the hard and soft tissues. )is can be further complicated by
the gingival display of a high smile line [34]. A five-year
randomized controlled trial [19] was realized as follow-up of
a 1-year report [22] to evaluate peri-implant soft and hard
tissue of two adjacent implant-support restorations in the
aesthetic region using a scalloped or flat platform. More
bone loss and compromised interimplant papilla re-
generation were obtained around scalloped implants, in-
dicating that scalloped implants do not offer benefits in the
aesthetic region [19, 22]. )e other articles included in this
review [20, 21, 25] comparing scalloped implants with the
conventional implant neck architecture reported higher
marginal bone loss in the test group (scalloped implants)
compared to implants with the same level on 360°. Other
than MBL, Khraisat [25] also analyzed the soft tissue level
around scalloped single implants compared to conventional
rough surface implants with external hex in the aesthetic
zone over a 3-year period. )e Jemt system was used to
clinically assess sizes of the mesial and distal interproximal
papillae, showing that soft tissue height was not consistently
maintained around the scalloped area of the implants.
Different results were obtained in a study of McAllister [26]
where consecutively restored one- and two-piece scalloped
implants were radiographically and clinically compared to
a flat-top implant with similar implant geometry regarding
taper and thread design. Enhanced interproximal hard and
soft tissue preservation was obtained for scalloped implants
leading to predictable aesthetic restorations in the anterior
maxilla.)e authors concluded that interproximal soft tissue
levels may be enhanced by maintaining the crestal bone level
and avoiding interproximal soft tissue attachment manip-
ulation during abutment connection.

No comparative studies were found that fulfilled the
inclusion and exclusion criteria of the sloped implants’
systematic review. Nevertheless, the available data provide
encouraging results for sloped implants in preserving the
bone crest and the interplant papilla [13]. Placing an implant

in a healed alveolar ridge with differences in height between
the buccal and lingual bone crest will not allow the buccal
part of the marginal portion of the implant to be completely
invested in the bone, resulting in a risk of aesthetic com-
plications [13]. In a prospective multicenter study, non-
submerged implants (OsseoSpeed Profile implants; Astra
Tech AB, Molndal, Sweden) were placed in a recipient site
with a buccal-lingual bone height discrepancy of 2.0–
5.0mm, and the sloped part of the device was located at the
buccal and most apical position of the preparation. Sixteen
weeks later, bone level alterations were 0.02mm lingually
and 0.30mm buccally, and at the 1-year reexamination, the
average change in interproximal bone levels was 0.54mm.
)e authors concluded that sloped implant placement in an
alveolar ridge with a sloped marginal configuration resulted
in minor remodeling, preserving discrepancies between
buccal and lingual bone levels [13].

5. Conclusions

(i) Although no statistically significant differences were
found, a trend of higher implant failure and pros-
thetic complications were experienced in the one-
piece group compared to the two-piece group.

(ii) A trend of higher marginal bone loss was found in
the test group compared to the control group. )is
trend is moderate when comparing one-piece versus
two-piece implants and high when comparing
scalloped versus flat implants.

(iii) Although no studies were found comparing sloped
versus flat implants, preliminary results may en-
courage future studies.

(iv) No differences were experienced between groups
regarding aesthetic outcomes and patient satisfaction.

)ere was sufficient evidence that different implant
shoulder positions/orientations/designs (scalloped, sloped,
and one piece) offer no benefit when compared to two-
piece, conventional flat implants. Current evidence is
limited due to the quality of available studies. Marginal
bone loss seems to be affected by the implant neck design,
while aesthetics and patient satisfaction appear to be in-
dependent. Further studies, designed as randomized con-
trolled clinical trials reported according to the CONSORT
statement, are needed.
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Implant-based therapy is a mature approach to recover the health conditions of patients a0ected by edentulism. )ousands of
dental implants are placed each year since their introduction in the 80s. However, implantology faces challenges that require more
research strategies such as new support therapies for a world population with a continuous increase of life expectancy, to control
periodontal status and new bioactive surfaces for implants. )e present review is focused on self-assembled monolayers (SAMs)
for dental implant materials as a nanoscale-processing approach to modify titanium surfaces. SAMs represent an easy, accurate,
and precise approach to modify surface properties.)ese are stable, well-de6ned, and well-organized organic structures that allow
to control the chemical properties of the interface at the molecular scale. )e ability to control the composition and properties of
SAMs precisely through synthesis (i.e., the synthetic chemistry of organic compounds with a wide range of functional groups is
well established and in general very simple, being commercially available), combined with the simple methods to pattern their
functional groups on complex geometry appliances, makes them a good system for fundamental studies regarding the interaction
between surfaces, proteins, and cells, as well as to engineering surfaces in order to develop new biomaterials.

1. Introduction

)e World Health Organization points out two entities of
bacterial origin, caries and periodontitis, which are the most
disseminated diseases in human, and both are associated
with frequent surgical procedures [1]. )ese infectious
diseases and other noninfectious diseases such as dentoal-
veolar trauma and congenital absences are the main causes
of edentulism. Several preventives and educational programs
are used to avoid or reduce the role of these infectious
diseases in the early loss of teeth. However, dentoalveolar
trauma has been increased due to human activities such as
extreme and contact sports [2–4].

Partial edentulism produces deleterious e0ects on the
balance of the cranio-cervico-facial system because it may
a0ect soft and hard tissues. Intra-arch changes include
missing of interproximal contacts, misalignment, diastema,
rotation, inclination, periodontal defects, impactation, and

mesial drift displacement. Inter-arch changes have been
described as occlusal collapse, premature occlusal contact,
infraocclusion, and altered vertical dimension. )ese
changes are synergic, increasing the bruxism, muscle par-
afunction, teeth wear, ATM symptom, otologic pain, and
craniocervical position [5].

Recovering aesthetics and function is possible using
orthodontics when space closing is an alternative feasible
while in other cases are required surgical and oral re-
habilitation procedures such as implant-supported or re-
movable prostheses. Titanium implant-based therapy
appears as the “gold standard,” with a record of ∼95%
survival rates reported after 5 years [6]. However, other
concepts have been introduced such as “the success” (Figure 1),
which is di0erent from long-term survival because it
is focused on integral evaluation in terms of aesthetic, func-
tion, and biological response, with less than 0.2mm of apical
migration [7].
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)e implantology history shows two di0erent phases
de6ned as pre-osseointegration and post-osseointegration
eras. During the pre-osseointegration era, blade- and plate-
form implants were developed using cobalt-chromium-
molybdenum and di0erent stainless steel types. However,

a limited long-term success was achieved. Post-osseointegration
era started with Branemark’s research a decade before that his
research were presented to scienti6c community, followed by
Albrektsson et al. studies to verify clinically the osseointe-
gration of implants [8]. )e osseointegration concept was

(a) (b)

(c) (d)

(e) (f)

Figure 1: Successful cases. Patient 1: initially, an important reduction of support tissues was observed (a), and periapical X-ray obtained
during the surgical procedure (b) and 5 years of follow-up (c). Patient 2: periapical X-ray obtained during implant surgery (d), restorative
processing (e), and 5 years of follow-up (f ).
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de6ned as a biological phenomenon involving direct contact
between bone and Ti surfaces, opening a new paradigm of
therapy. A wide revision about this topic is available [8, 9].

Implant therapy has high levels of predictability in a short
term presenting few contraindications to restore partial and
full edentulism. Many factors have been evaluated to predict
the short-term e0ect including surgical stability, individual
inIammatory response, periodontal covering, and blood clot
formation. However, long-term predictability has been as-
sociated with several aspects such as implant-related designs,
surgical procedures, anatomic and osseous conditions, sys-
temic diseases, habits like bruxism, prosthetic design, sus-
ceptibility, periodontal status, oral microenvironment, native
or augmented bone, two-stage or immediate loading, and
adherence to support therapy. A poor prognosis is observed in
patients with an insuJcient quality and/or quantity of bone;
patients exhibiting poor quality of bone (type IV) in the
posterior area of the maxilla had a 35% implant failure while
patients with types I, II, and III showed only 3% failure [10].

)e long-term success of an implant (Figure 1) largely
depends on the balance between occlusal equilibrium,
osseointegration, and epithelial/connective tissue attach-
ment. A complete sealing of the soft tissue protects the newly
formed bone from bacterial metabolic products originated
in the bio6lm formed around implant [11].

Several animal and in vitro studies have shown similar
epithelial and connective structures between the gingiva and
the peri-implant mucosa. )e outer surface of the peri-
implant mucosa is aligned by a continuous strati6ed kera-
tinized oral epitheliumwith a junctional epithelium attached
to the Ti surface by a basal lamina and hemidesmosomes.
)e nonkeratinized junctional epithelium has only a few cell
layers in the apical portion and is separated from the alveolar
bone by a collagen-rich connective tissue. )is 3–4mm
biological barrier, which is formed regardless of the original
mucosal thickness, protects the osseointegration zone from
factors released by the plaque and the oral cavity [12]. )e
main di0erences between the soft tissues around natural
teeth and those around implants are the collagen 6bre
orientation, which run parallel from the implant surface to
the crest bone, the low number of 6broblasts, the reduced
vascularization revealed as scar tissue, and the loss of the
irrigation system of the periodontal ligament [13].

An osseointegrated implant is not exempt from failure and
complications. )ey are classi6ed as biological, mechanical,
material surface, iatrogenic, and patient-related failures.
Mobility is a sign of implant failure and can be presented as
rotational, lateral or horizontal, and axial or vertical [14].)ere
are di0erent terms in the literature associated with biological
implant failures like peri-implant diseases, mucositis, and peri-
implantitis (Figure 2), where the 6rst two are reversible in-
Iammatory reactions around a functioning implant while
peri-implantitis is a chronic inIammation with a loss of the
supporting tissues around the implant induced by bacterial
colonization and facilitated by the implant/abutment gap
and by the chemistry and surface roughness of screw and
restorative components [15].

Bacteria colonize and develop bio6lms on the trans-
mucosal abutment of osseointegrated dental implants. Like

the gingival crevice around the natural tooth, the peri-implant
mucosa covering the alveolar bone is closely adapted to the
implant. In partially edentulous subjects, the developing
microbiota around implants closely resembles the microIora
of the natural teeth [12]. In addition to the dark-pigmented,
Gram-negative anaerobic rods, other bacteria are associated
with peri-implant infections (Tannerella forsythia, Fuso-
bacterium nucleatum, Campylobacter rectus, Parvimonas
micra, and Prevotella intermedia) [16], and eventually with
Staphylococcus spp. and Candida spp. [17].

)e surface texture of dental implants a0ects the rate of
osseointegration [18] and biomechanical 6xation. Surface
roughness may be classi6ed as “macro,” “micro,” and “nano”
sized topologies. )e “macro” ranges from millimetres to
10 μm and is directly related to implant geometry with
threaded screws and macroporous coatings helping the
primary stability of the implants during the early phases
of implantation. However, high surface roughness may
increase peri-implantitis risk compared with moderate
roughness (1-2 μm) within “micro” range (1–10 μm), maxi-
mizing bone/implant interlocking. Surface pro6les in the
“nano” range play an important role in protein adsorption
and osteoblast adhesion and, thus, in osseointegration [19],
but no reproducible surface roughness is currently clinically
available.

)is review 6rstly presents a brief overview of di0er-
ent coating strategies to increase the osseointegration of
titanium and is followed by a detailed description of self-
assembled monolayers as a nanoscale approach to modify
dental implant surfaces.

2. Biofunctionalization Strategies Available for
Dental Implants

All surface modi6cation strategies described below aimed to
improve the long-term clinical survival and success of those
dental biomaterials without altering their bulk properties
(e.g., mechanical and nontoxicity). )ese coating strategies
are mainly focused to increase the osseointegration than to
reduce the bacterial colonization.

Bioactive surfaces have been developed to improve the
osseointegration of bone with dental materials like titanium
through coating strategies with immobilized biomolecules
such as cell adhesive peptides having the Arg-Gly-Asp (RGD)
sequence or bone morphogenetic proteins (BMPs) that play
important roles in bone formation in vivo [20], to promote the
adhesion of bone cells (i.e., osteoblasts) and subsequent
proliferation and mineralization activities [21, 22], to induce
alkaline phosphatase activity in 6broblast [23] or the at-
tachment of osteoblast [24].

Antiadhesive surfaces have been used to avoid/resist
protein adsorption and microbial adhesion by immobili-
zation or coating of synthetic polymers like poly(ethylene
glycol) (PEG)/poly(ethylene oxide) (PEO) [25] and poly
(methacrylic acid) [26] or natural polymers as chitosan [27].

Finally, antibacterial coatings have been applied using
biocidal substances (e.g., antibiotics and antimicrobial
peptides) through two systems: (a) a continuous release
system, creating a local e0ect around the implant and (b)
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a permanent immobilization scheme, acting on local mi-
croorganisms that contact the surface.

Furthermore, one promising strategy to enhance tissue
integration is to develop a selective biointeractive surface
that simultaneously enhances bone cell function while de-
creasing bacterial adhesion [20, 22, 28].

A resume of surface modi6cation methods and e0ects is
presented in Table 1.

3. Basic Aspects of Self-Assembled Monolayers
(SAMs)

SAMs are spontaneously formed by solution deposition
through the immersion of an appropriate substrate into

a solution of an active surfactant in an appropriate solvent
(e.g., organic or aqueous) or by aerosol spraying or vapor
deposition of the active organic compound onto the solid
surface, being immersion the most popular and widely
studied method for monolayer formation since it is the
easiest and most inexpensive way to be applied to appliances
with complex geometries [62–64]. In a typical procedure,
freshly prepared or clean substrate is immersed in a dilute
1–10mm solution of surfactant compound(s) in high purity
solvent for 12–48 h at room temperature. After this period,
the slides are withdrawn, rinsed with solvent, and dried
under a stream of nitrogen [62].

)e driving force for self-assembly is usually the speci6c
interaction between the head group of the surfactant and

(a) (b)

(c) (d)

(e) (f)

Figure 2: Failure cases. Patient 3: exploratory surgical procedure for peri-implantitis (a), soft tissues after a bone graft healing (b), and
periapical X-ray after 4 months (c). Patient 4: intraoral photography of implant (d), periodontal probing (e), and periapical X-ray showing
vertical bone loss around implant (f ).
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the surface of the substrate. Most surfactants used for
monolayer studies consist of three distinctive parts: (i) the
surface active head group which binds strongly to the surface,
(ii) the terminal group that is located at the monolayer
surface and normally determines the interfacial properties
of the assembly, and (iii) the alkane chain serves as a linker
between the head and the terminal groups and facilitates
the packing of the molecules in the monolayer with the
Van der Waals interactions between adjacent methylene
groups that orient and stabilize the monolayer (Figure 3)
[62–66].

Considering that SAMs surface modi6cations are at
nanoscale, physical and chemical characterizations appear as
an important challenge to develop new market products
based on this technology. Currently, several specialized
surface analytical techniques are available to characterize
SAMs for scienti6c approaches. )e most commonly used
techniques in routine SAMs characterization are as follows:
ellipsometry, infrared reIection absorption spectroscopy
(IRRAS), X-ray photoelectron spectroscopy (XPS), contact
angle measurements, near edge X-ray absorption 6ne
structure (NEXAFS), static time-of-Iight secondary ion
mass spectrometry (ToF-SIMS), surface imaging techniques
such as scanning tunneling (STM) and atomic force mi-
croscopy (AFM), and electrochemical methods such as
capacitance measurements (with cyclic voltammetry or
impedance spectroscopy) and heterogeneous electron
transfer (cyclic voltammetry). )e general analytical capa-
bilities of some of these techniques are presented in Table 2.

SAMs can be of di0erent nature according to the surface
described in Table 3.

)emost widely studied and characterized class of SAMs
is alkanethiols on gold, which have been used in model
systems for various purposes, including corrosion resistance,
protein adsorption, cell adhesion, and biosensors. )ere-
fore, taking into account the focus of this chapter, a brief
description of alkanethiols-SAMs on gold with bioactive
osseointegration, antiadhesive, and antibacterial properties is
presented below. (For more details on the structure and as-
sembly, preparation, and characterization of gold-alkanethiol
monolayers, see references [62, 66, 72]).

4. SAMs on Gold as Model Surface for
Biomaterials

SAMs of alkanethiols on gold have been used as model
surfaces for modulate cells adhesion, including osteoblasts
and 6broblasts, by the immobilization of speci6c ligands or
proteins such as RGD peptides and 6bronectin [80–82].

Concerning antiadhesive surfaces, SAMs presenting
oligomers of ethylene glycol, commonly prepared using the
alkanethiols HS(CH2)11(OCH2CH2)nOH (EGn, n� 3–7 or
OEG), resist the adsorption of several proteins and the
adhesion of cells [83–91]. OEG-SAMs on gold present low
adsorption of several blood proteins and blood cell adhesion
as well as adhesion of the gastrointestinal bacterial species
H. pylori as reported by us [86, 92–94].)is antiadhesive e0ect
has been explained through theoretical and experimental
research [95–99], indicating that water penetrates into the
(EG)nOH layers of the SAMs forming a stable interfacial
water layer, which prevents the direct contact between the
underlying surface and the proteins and/cells. In addition,
SAMs that comprise an OEG-terminated thiol with an
alkanethiol terminated with either a biological ligand or
a reactive site for linking to a biological ligand can present
the ligands of interest in a structurally well-de6ned manner
against a background that resists the nonspeci6c adsorption
of other biomolecules or adhesion of cells. Moreover, the
OEG terminal group also does not compromise receptor
function either to promote the attachment and proliferation
of eukaryotic cells as osteoblast and 6broblast for improving
osseointegration or to avoid the adhesion and colonization
of prokaryotic cells following an antibacterial strategy as
described below [62].

Antibacterial SAMs strategies have been performed
through the immobilization of biomolecules such as anti-
bodies, antibiotics, and antimicrobial peptides by covalent or
aJnity binding. One of the strongest noncovalent receptor-
ligand binding interactions known in nature is the biotin-
avidin/streptavidin system, where both streptavidin and
avidin have a very high degree of speci6city and aJnity to
biotin (Kd� 10−13M) with four equivalent sites for biotin
[100]. )is high binding aJnity and selectivity, the sym-
metry of the biotin-binding pockets that are positioned
in pairs at opposite faces of the protein, and the ease
of functionalization of diverse biomolecules (e.g.,, anti-
bodies, peptides, and nucleotides) with biotin make the
streptavidin-biotin system extremely useful in a wide range
of biotechnological applications such as in aJnity separa-
tions, in diagnostic assays, and for “tagging” of molecules for
imaging or delivery of therapeutics [101].)is aJnity system
is also applied to immobilize biomolecules/ligands onto
SAMs surfaces by using alkanethiol terminally functional-
ized with a biotin moiety (Figure 4) [102–104]. )ese SAMs
can bind streptavidin or avidin with high coverage, speci-
6city, and activity in such a way to expose two of its binding
sites away from the surface. Secondary molecules modi6ed
with biotin can then be rapidly and conveniently immobilized
on these streptavidin/avidin-activated surfaces with minimal
impact on their biological activity (e.g., speci6city) [105].

Terminal group (ii)

Alkyl or
derivatized alkyl
group

Surface active 
head group

Surface

Interchain Van der
Waals and electrostatic
interactions

Chemisorption at the
surface

X

(iii)

(i)

X = CH3; OH; NH2; EG; ...

Figure 3: Schematic representation of a surfactant that can form
a SAM.
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Biotin-containing SAMs (BTMs) have been used in both
antiadhesive and antibacterial surface strategies as discussed
in Table 4. However, although this system is successful and
widely used, it shares the disadvantages of most immobili-
zation schemes requiring chemical modi6cation of a protein:
(i) chemical modi6cation may lead to denaturation or loss
of activity and (ii) the presence of multiple sites on the
protein available for modi6cation results in loss of control
over its orientation after immobilization [106].

On the contrary, immobilization by covalent binding
provides an irreversible attachment that is required for some
application such as coating of implants or microarrays
because the ligand should not dissociate or exchange with
other compounds [62, 85]. Covalent immobilization of some
antibacterial ligands on thiol/gold SAMs is presented in
Table 4.

5. Nanostructured SAMs: Trend for Dental
Implants

As described previously, SAMs of alkanethiol on gold are the
most used, but the formation of well-ordered and strong
alkanethiol monolayers has been extremely limited on metal
oxides such as the titanium since alkanethiols generally do

not adhere to metal oxides or are easily removed by rinsing.
Among the self-assembled organic molecules, organophos-
phorus compounds are somewhat less often characterized
compared to thiols but are becoming of great practical interest
because of their ability to produce SAMs on a range of metal
oxide surfaces including titanium [127, 128]. )ey also have
attracted interest as an alternative to organosilane compounds
in the functionalization ofmetal oxide surfaces due to the large
number of available organophosphorus functional molecules
and because the reaction mechanisms are not water sensitive
[127, 129]. As indicated in Table 3, organophosphorus com-
pounds for SAMs can be of organophosphonates (or phos-
phonic acids) and organophosphates (or phosphate ester),
being structurally identical. An organophosphate has 4 oxy-
gens with an alkyl group connected via a phosphoester
bond, while organophosphonates have 3 oxygens with a
carbon attached directly to phosphorus (Figure 5(a)). )e
lack of a hydrolysable P-O-C linkage makes phosphonate
compounds more stable in aqueous solution and easier to
make SAMs than organophosphate compounds. Phosphonates
and phosphonic acids form SAMs on TiO2 surfaces by the
formation of Ti-O-P bonds [127].

)e reaction of long-chain alkylphosphonic acids with
metal oxide leads to dense, well-ordered SAMs [76, 131] that

Table 2: Analytical capabilities of commonly used techniques for SAM characterization. Adapted from Liedberg and Cooper [67].

Experimental
technique

Analytical capability

)ickness Interfacial
tension Coverage Chemical

composition

Orientation
of molecule
or group

Alkyl
chain
density

Defects and
their

distribution

Roughness
chemical

homogeneity
Ellipsometry ++ −− 0 −− −− 0 −− 0
Contact angle
goniometry −− ++ − 0 + 0 − +

Cycle voltammetry − −− ++ −− −− ++ ++ −−
Infrared spectroscopy + − + + ++ ++ − −−
XPS 0 −− ++ ++ + 0 −− −−
QCM + −− ++ −− −− 0 −− −−
AFM −− 0 + − − − ++ ++
Analytical capability: ++, excellent; +, good, 0, fair; −, poor; −−, not applied.

Table 3: Types of SAMs according to the surface.

Surface Surface active head group Ref.

Noble metals Gold, silver, copper, platinum,
and palladium

Organosulfur
compounds

Alkanethiols (R-SH),
dialkyl sul6de (R-S-R),
dialkyl disul6de (R-S-R)

[62, 64, 68–73]

Hydroxylated
surfaces

Silicon oxide/silica (SiO2),
aluminum oxide (Al2O3),
quartz, glass, and mica

Organosilanes
or organosilicon

derivatives

Alkylchlorosilanes (R-Si-
Cl3),

alkylalkoxysilanes
(R-Si-(OCH3)3),

and alkylaminosilanes
(R-Si-(NHCH3)3)

[64, 65, 74]

Metal oxide

Silver oxide, aluminum oxide
(Al2O3), zirconium dioxide

(ZnO2, zirconia), titanium/titanium oxide
(TiO2), and native oxide stainless steel

Carboxylic acids n-Alkanoic (carboxylic)
acids (CnH2n+1COOH) [64, 74, 75]

Organophosphorus
compounds

Phosphates (RPO3
2−),

phosphonates/phosphonic
acids (RP(O)(OH)2)

[65, 74, 76–79]
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can 6nd applications in a wide range of 6elds such as ca-
talysis, corrosion resistance, microelectronics, chemical
sensors [127], and in biomedical 6eld, particularly in dental
biomaterials for implants and orthodontic appliances. Like
alkanethiol on gold and phosph(on)ate metal oxide, SAMs
form monolayers with a “tail-up” orientation and a tilt
angle of the hydrocarbon chains of about 30° with respect to
the surface normal [128]. )e binding mode of organo-
phosphorus molecules has been proposed to be mono-, bi-,
and tridentate (Figure 5(b)), which is dependent on both the
surface (i.e., titanium) and the nature of the organophos-
phorus compounds (i.e., phosphonate or phosphate), and
being bidentate for titanium [132].

Gawalt et al. [133] have reported that self-assembly of
alkanephosphonates on the native oxide surface of Ti can be
a0ected by a simple procedure of aerosol deposition of
octadecylphosphonic acid followed by solvent evaporation
with subsequent heating at 120°C for 18 h giving strongly
surface-bound, ordered 6lms of the alkanephosphonate
species, which resist removal by solvent washing or me-
chanical peel testing. Hähner et al. [134] studied the adsorption
of octadecyl phosphate (ODP) onto several oxide surfaces
including titanium, showing densely packed SAMs with
the packing density analogous to that of alkanethiols on
gold. Clair et al. [135] studied and compared the assembly
of dodecylphosphoric acid (DDPA) on polished and on
nanotextured titanium disks. After immersion on DDPA,
smooth Ti surfaces presented a water contact angle of 88°,
demonstrating successful deposition of a hydrophobic
molecular 6lm, and an average thickness of 20 Å, suggesting
that a monolayer of material was deposited (the theoretical
length of straight molecules is 18 Å). However, nanotextured
Ti surfaces presented a greater hydrophobicity because of its
nanoroughness, with contact angle as high as 120°, which is
higher than that in an ideally Iat surface. Due to the dif-
ference between the molecular height (2 nm) and the

substrate average pit size (20 nm), the binding behavior of
DDPA molecules is expected to be similar on smooth and
nanotextured surfaces; considering the fact that previous
studies showed that alkanephoshoric acid forms only
monolayers on titanium, the authors assumed a similarity in
the formation of a monolayer on this (nanorough) surface.
Infrared spectroscopy for a Iat surface provides charac-
teristic methylene group peaks (CH2υasymm 2933 cm−1 and
CH2υsymm 2858 cm−1) while the nanotextured surface pre-
sented peaks shifted (CH2υasymm 2924 cm−1 and CH2υsymm
2854 cm−1), with these di0erences in frequencies reIecting
physical states of the phosphate monolayer on the surface,
from a relatively densely packed phase on nanotextured Ti to
a low-density disordered 6lm on Iat-polished Ti. In addi-
tion, some deterioration of the hydrophobic properties of
the 6lms was observed after 20 days in air and 10 days in
bu0er solution without further degradation after an addi-
tional storage for 1 month in ambient air. However, pro-
longed exposure of the samples (3 weeks) to the bu0er
solution resulted in a signi6cant desorption of the organic
6lm. )e authors emphasize that alkanephosphoric acid
6lms are relatively resistant to aging in a physiological-like
environment when compared to thiol-based SAMs, in which
spontaneous desorption occurs within a few days of im-
mersion in various solvents, and that a further increase of
their durability should be possible by optimizing 6lm
properties (e.g., by using longer alkyl chain molecules which
should produce better molecular packing in the 6lm). Spori
et al. [136] reported the inIuence of chain length on
phosphate SAMs showing a higher degree of order and
packing density within the monolayers with alkyl chain
lengths exceeding 15 carbon atoms forming crystalline
structures and with an average alkyl chain tilt angle of 30° to
the surface normal, similar to thiol/gold system. Lecollinet
et al. [137] studied the adsorption of a monolayer of 6ve
bisphosphonates on oxidized surfaces of titanium and

Biotinylated ligand

Streptavidin

Biotin-SAMs

Au

Biotin

Figure 4: Schematic representation of mixed SAMs prepared with biotinylated alkanethiol (BAT) and triethylene glycol alkanelthiol (EG3)
followed by streptavidin adsorption and ligand immobilization (not scale). Adapted from Freitas et al. [107].
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stainless steel. )e authors highlighted that the molecule
having a perIuoropolyether linked to a bisphosphonate
moiety can resist harsh conditions, such as lasting water
immersion at 50°C for 6 months, at di0erent pHs, auto-
claving at 121°C, and biocorrosion required for dental
application.

However, in those studies and others described below
for immobilized bioactive molecules [138–147], the am-
phiphile adlayers were produced from solutions of alka-
nephosphonates in organic solvents, which can reduce the
biocompatibility of the surface [127, 130]. Tosatti et al. [148]
applied aqueous phosphates to titanium oxide and titanium
metal 6lms to serve as smooth, Iat model surfaces, and
a special titanium dental implant surface with a rough,
highly corrugated surface. XPS showed to form densely
packed SAMs onto titanium not only as Iat surface but also
for high surface area materials, such as the SLA dental
implant surface, with the phosphate headgroups attaching to
the titanium (oxide) surface and the terminal end group
(either methyl or hydroxy) pointing toward the ambient
environment (air, vacuum, or water). )e authors point out
that “)e technique of spontaneous organization of or-
ganophosphate molecules on titanium (oxide) surfaces from
aqueous solution is believed to have potential for the
modi6cation of titanium-based medical implants and de-
vices with the aim of tailoring the surface chemistry
(chemical or biological functionalities), including groups
such as poly(ethylene glycol), cell-adhesive peptides or
growth factors.” Complementarily, Zwahlen et al. [149]
showed that dodecyl phosphate adsorbed from aqueous
solution formed SAMs of comparable quality to those of the
longer octadecyl phosphate prepared from organic solvent
and those of similar thiol/gold systems. )erefore, such
mixed SAMs on metal oxide surfaces are of particular in-
terest to the biosensor and biomaterial 6eld, because they
allow tailoring surface properties in a precise manner and
may prove to be highly relevant for controlling the in-
teraction between the SAM-modi6ed surface and biological
systems, such as proteins, antibodies, and cells.

5.1.SAMsforBioactiveOsseointegrationonTitanium. Viornery
et al. [150] 6rstly showed the formation of a chemical link
between Ti disks and three phosphonic acids in water. )e
bioactivity of the modi6ed Ti disks was evaluated by in-
cubating these disks in a physiological solution (Hank’s
balanced salt solution (HBSS)) for 1, 7, and 14 days. Modi6ed

surfaces showed only slightly higher calcium levels in the
XPS analysis compared to the reference Ti surface, with the
surface modi6ed with ethane-1,1,2-triphosphonic acid (ETP)
inducing the highest calcium phosphate deposition after
14 days incubation [150]. Afterwards, these same types of
phosphonic acid-modi6ed titanium disks were evaluated in
vitro related to the proliferation, di0erentiation, and protein
production of rat osteoblastic cells (CRP10/30) [151]. No
statistical di0erences were found in osteoblast proliferation
among the phosphonic acid-modi6ed titanium, unmodi-
6ed titanium, and tissue culture plastic (used as a positive
control), indicating that the phosphonic acids used were not
cytotoxic to the osteoblasts. For all surfaces evaluated, the
alkaline phosphatase activity was comparable as negative
control (tissue culture plastic). However, the total amount of
protein, and especially the collagen type I synthesis, was
sensitive to surface modi6cation. On titaniummodi6ed with
ETP, the total amount of synthesized protein was signi6-
cantly higher than the titanium control surfaces [151]. )en,
the authors stated that “)e covalently attached phosphonic
acid molecules on the Ti-metal surface thus may form
a sca0old for new bone formation, ultimately leading to
bonding of the implant to the host tissue.”

A di0erent strategy to enhance titanium osseointegra-
tion was explored by Liu et al. [145] 6rstly through the
introduction of di0erent end groups including hydroxyl,
carboxylic acid, phosphate, and vinyl via the formation of
alkyl-based SAM on a Ti foil. Accordingly, a hydroxyapatite
coating was successfully obtained with phosphate and car-
boxylic acid after soaking the Ti foil in a solution that
contained ions at a concentration 1.5 times higher than SBF.
)en, these authors [146] investigated hydroxyapatite for-
mation on Ti surfaces with various end groups, demon-
strating that carboxylic acid as an end group provided the
optimal SAM surface for nucleation and growth of bio-
mimetic crystalline HA. It seems that the aJnity of car-
boxylic acid for nuclei of CaP plays a pivotal role in the
promotion of HA crystallization at surface. In addition to the
functional groups, alkyl chain length of phosphonic acids
should also be considered as a factor that inIuences hy-
droxyapatite crystallization at surface. Next, Wu et al. [147]
evaluated the deposition from simulated body Iuid of CaP
onto carboxylic acid-terminated phosphonic acid SAMs
with three di0erent lengths of an alkyl chain (3, 6, and
16 methylene units) to compare the ability of promoting CaP
crystallization. SEM, XPS, and X-ray di0raction revealed
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Figure 5: (a) Structure of organophosphate and phosphonate compounds. Adapted from Durmaz [127]. (b) Di0erent bonding modes of
a phosphonate unit to a metal oxide surface [130].
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that the formation of PA SAMs accelerates the deposition of
poorly crystallized HA in an alkyl chain length-dependent
manner, primarily due to the higher surface density of
Ca2+-attracting carboxylic acids. Among PAs studied here, PA
containing a 16-carbon alkyl chain gave rise to the titanium
surface most e0ective for the deposition of hydroxyapatite.

Gawalt et al. [138, 139] reported that alkylphosphonic
acids (11-hydroxyundecylphosphonic acid) self-assemble on
the native oxide surfaces of Ti and Ti6Al4V, followed by
a heating step that binds the acids strongly to these surfaces as
ordered phosphonate 6lms.)ese SAMswith OH-terminated
groups were activated to a maleimide group and then im-
mersed in an aqueous solution of cell-adhesive peptide RGD-
cysteine. )e adhesion and spreading of the osteoblasts on
RGD-modi6ed Ti surface were quite substantial after 24 h and
evenmore so after 3 days. Indeed, cell proliferation continued
unabated throughout the test period on this surface. )e
morphology and actin cytoskeleton of cells were observed by
staining with rhodamine phalloidin, with cells remaining
small and rounded with no organized actin cytoskeleton on
control substrates. However, more than 90% of cells adherent
to RGD-modi6ed substrates became well spread and orga-
nized their actin 6laments into robust stress 6bres. Danahy
et al. [140] constructed more complex SAMs from
α,ω-diphosphonic acids self-assembled on the native oxide
surfaces of Ti and Ti6Al4V and thermally treated to get
strongly bonded phosphonate monolayers. Data from in-
frared and X-ray spectroscopies and water contact angle
showed that the 6lms bind to the surface by one phosphonate
unit while the other remains free as a phosphonic acid. )en,
the SAMs were treated with zirconium tetra(tert-butoxide) to
give surface Zr complex species. Finally, these surface-bound
alkoxides can be further derivatized with the insertion of
maleimide group followed by binding the RGD-cysteine
peptide. Surfaces modi6ed with RGD were stable to hydro-
lysis under physiological conditions and mechanically strong
and shown to be e0ective to promote osteoblast adhesion and
proliferation with organized actin 6laments and vinculin-
positive focal adhesions.

Adden et al. [141] used two di0erent phosphonic acid
monolayer 6lms for immobilization of bioactive molecule
BMP2 on titanium surfaces. Monolayers of (11-hydrox-
yundecyl) phosphonic acid and (12-carboxydodecyl) phos-
phonic acid molecules were produced by a simple dipping
process and the terminal functional groups on these
monolayers were activated (carbonyldiimidazole for hy-
droxyl groups and N-hydroxysuccinimide for carboxyl
groups) to bind amine-containing molecules as the BMP2.
)e hydroxyl-terminated SAM is better ordered and ori-
entated than the carboxyl-terminated SAM, and the CDI-
activated surfaces (OH-terminated SAMs) gave higher
amounts of BMP2 bound than the NHS-activated surfaces
(COOH-terminated SAMs).

A di0erent bioactive SAMs coating strategy was done by
Mani et al. [152, 153] with the use of OH-terminated
phosphonic acid SAM on Ti prepared from aqueous solu-
tion followed by the chemical attachment of a model drug
Iufenamic acid through three di0erent methods of esteri-
6cation (acid chloride esteri6cation, dry heat esteri6cation,

and direct esteri6cation).)e drug release pro6les of TSAMs
prepared via acid-chloride esteri6cation exhibited large data
scatter, probably because the drug molecules were not
uniformly attached to SAM-coated metal surfaces while
TSAMs prepared by dry heat and direct esteri6cation
methods showed an initial burst release of the drug followed
by a sustained slow release for up to 2 weeks.)us, this study
suggests “the potential for using SAMs as an alternate system
for delivering drugs from coronary stents and other metal
implants” [152]. )en, Mani et al. [153] used SAMs with
Iufenamic acid only attached by direct esteri6cation to study
their interaction with human aortic endothelial cells (HAECs),
showing that the adhesion of HAECs on TSAMs was
equivalent to that of control metal surfaces and superior to
that of plain glass surfaces with the cells continued to pro-
liferate on TSAMs even though the rate of proliferation was
slower than plain glass or control-Ti. Moreover, the spreading
of HAECs on TSAMs with typical polygonal shape indicated
that these surfaces are conducive to endothelialization. )e
expression of surface adhesion protein (platelet endothelial
cell adhesion molecule-1) on TSAMs indicated that the en-
dothelial cells preserved their phenotype on these surfaces.
)us, this study demonstrated that TSAMs do not elicit an
adverse response from endothelial cells in in vitro conditions.

Recently, Rudzka et al. [154] modi6ed cpTi surfaces by
producing mixed and patterned SAMs in order to induce
hydroxyapatite nucleation and growth for bone tissue engi-
neering. Mixed-SAMs were prepared from aqueous solutions
having di0erent fractions of 11-hydroxyundecylphosphonic
acid (UDPA, -OH terminal group) and 12-phosphonodode-
cylphosphonic acid (PDDPA, -PO(OH)2 terminal group) and
patterned-SAMs from single THF solutions of 16-phosphono-
hexadecanoic acid (PHDA, -COOH terminal group) and
octadecylphosphonic acid (ODPA, -CH3 terminal group)
followed by laser ablation. )ese authors have shown that
the PHDA-SAMswithout laser treatment promote signi6cantly
the hydroxyapatite formation with smaller clusters, demon-
strating that the presence of carboxyl groups on the cpTi
surface is more favorable for the hydroxyapatite nucleation
and growth in SBF than on the laser-ablated surface.

Rojo et al. [155] used a simple, e0ective, and clean
methodology through the self-assembly chemisorption onto
Ti6Al4V alloy surfaces of alendronate, which is a well-known
bisphosphonate commonly used in osteoporosis therapy and
treatment of other bone diseases. XPS spectroscopy revealed
that an e0ectivemode of bonding is created between themetal
oxide surface and the phosphate residue of alendronate, leading
to the formation of homogeneous drug distribution along the
surface. In addition, in vitro studies showed that alendronate
SAMs induce di0erentiation of hMSC to a bone cell phenotype
and promote bone formation on modi6ed surfaces, as evi-
denced by upregulation in the expression of early markers of
osteogenic di0erentiation (Runx2, osteopontin (OPN), alkaline
phosphatase (ALP), and BMP2).

5.2. SAMs with Antiadhesive and Antibacterial Properties on
Titanium. Byun et al. [156] synthetized a PEG-phosphonic
acid terminated with an amino group (PA-C11-EG3-NH2)
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that is used to make SAMs onto titanium surface by aqueous
immersion.)is denominated pSAMwas sequentiallymodi6ed
by EMPSA conjugation through EDC/NHS chemistry to insert
a terminal thioester functional group followed by PEGylation
through NH2-Cys-PEG. Ellipsometry, goniometry, and XPS
unambiguously con6rmed the presence of PEGs, which pro-
vided nonfouling e0ects of surfaces, preventing the biological
adhesion of cells as the NIH-3T3 adhered cells were reduced by
92.3% after PEGylation.

Amalric et al. [142, 143] developed antibacterial nanocoatings
on titanium and stainless steel through the functionalization
of phosphonate monolayers of mercaptododecylphosphonic
acid (MDPA) with silver nitrate (AgNO3) by a two-step scheme:
(i) deposition of a thiol-functionalized monolayer by reaction
with MDPA solution and (ii) reaction of the terminating thiol
groups with silver nitrate to form silver thiolate species.)iol-
terminated groups are expected to react readily with silver
cations to form silver thiolates with high formation constants
and, accordingly, the silver thiolate groups should be stable
toward hydrolysis, but silver ions can be selectively released by
exchange between the silver thiolate groups at the surface of
the monolayers and the free thiol groups exposed at the
surface of the bacterial membrane proteins, with the reaction
of Ag+ ions with thiol groups in the bacterial membrane
proteins playing an essential role in bacterial inactivation.
FTIR con6rmed the binding of MDPA to the surface on both
the titanium and the stainless steel, suggesting the formation
of moderately ordered monolayers compared to alkylphos-
phonic acid monolayers deposited on similar substrates. XPS
analysis con6rmed the e0ectiveness of these surface modi6ca-
tions. Postmodi6cation with AgNO3 resulted in the conversion
of most of the terminal thiol groups into silver thiolate species,
which represented about 60% of all sulfur species in the 6nal
samples, with the density of silver at the surface estimated
to 3.5± 1Ag·nm−2, corresponding to about 0.6 nmol·Ag·cm−2.
)us, the amount of silver was very low compared to other
antibacterial silver-coated materials reported in the literature,
such as the silver content in stainless steel or titanium samples
modi6ed by ion implantation or by physical vapor deposition
ranging from 80 to 1700nmol·Ag·cm−2. Despite their very low
silver content, MDPA+AgNO3 monolayers strongly de-
creased the bacterial adhesion of the surface compared to the
bare titanium or stainless steel substrates: a 3- to 5-log re-
duction in the number of viable adherent bacteria was found
for the four bacterial strains tested (E. coli, S. aureus, S. epi-
dermidis, and P. aeruginosa). Furthermore, the antibacterial
eJciency of MDPA+AgNO3 monolayers remained excellent
even after incubation for 3 days at 37°C in fresh human blood
plasma, with a 4-log reduction of the number of viable ad-
herent bacteria on the coated substrate compared to un-
modi6ed substrate.)eMDPA+AgNO3 coating deposited on
titanium or stainless steel also strongly decreased the density of
bacterial bio6lm formed after incubation for 3 days in a culture
of E. coli, S. epidermidis, or P. aeruginosa. In addition, the
growth of E. coli bio6lm on titanium modi6ed by MDPA
+AgNO3 was signi6cantly inhibited for about 1 week. Even
more, since the release of silver ions by hydrolysis of the
silver thiolate groups was negligible, the antibacterial e0ect
observed in this study could result from the exchange of

silver between the thiolate groups at the surface of the
MDPA+AgNO3 monolayers and the free thiol groups
exposed at the surface of the bacterial membrane proteins.
Antibacterial transitory e0ect was obtained for an ex-
tremely low Ag content compared to conventional coat-
ings, which is important to avoid any toxicity issue and to
minimize the release of silver in the environment, which
could facilitate the selection of resistant strains. Rather, the
aim of these coatings is to prevent contamination during
handling of the implant and surgery, then for the 6rst few
days after the implantation, which are considered critical.
)en, Tı̂lmaciu et al. [144] showed that these SAMs on ti-
tanium signi6cantly inhibited E. coli and S. epidermidis
adhesion and bio6lm formation in vitro, while allowing
attachment and proliferation of MC3T3-E1 preosteoblasts.
Moreover, osteogenic di0erentiation of MC3T3 cells and
murine mesenchymal stem cells was not a0ected by the
nanocoatings. Sterilization by ethylene oxide did not alter
the antibacterial activity and biocompatibility of the
nanocoatings. After subcutaneous implantation of the ma-
terials in mice, MDPA+AgNO3 nanocoatings exhibit sig-
ni6cant antibacterial activity and excellent biocompatibility,
both in vitro and in vivo, after postoperative seeding with S.
epidermidis.

Vaithilingam et al. [157] immobilized CiproIoxacin® (an
antibacterial drug) to a carboxylic acid-terminated phos-
phonic acid based self-assembled monolayers (SAMs)
adsorbed on a selectively laser melting (SLM) Ti6Al4V
structure by immersion deposition method in THF.
CiproIoxacin-coated Ti6Al4V surfaces are highly stable
under the oxidative ambient laboratory conditions for 1, 2, 4,
and 6 weeks. When immersed in 10mm of Tris-HCl bu0er
(pH 7.4), the drug was observed to release in a sustained
manner with 50% of the drug released after 4 weeks and
approximately 40% of the drug remaining after 6 weeks.
Antibacterial susceptibility tests revealed that the immo-
bilized drug was therapeutically active upon its release
against S. aureus and E. coli. )en, these authors also
used the same strategy to immobilize paracetamol, which
was stable for over four weeks and then began to desorb
from the surface, showing a potential to improve biocom-
patibility and reduce surgical complications after implant
placement [158].

5.3. SAMs with Dual Biofunctions. Kang et al. [28] coated
titanium with a nonbiofouling poly(poly(ethylene glycol)
methacrylate) (pPEGMA) by surface-initiated polymeriza-
tion to Br-terminated SAMs of phosphonic acid, and BMP2
was chemically conjugated to the activated pPEGMA 6lms
by DSC/DMAP chemistry. )e BMP2-conjugated pPEGMA
6lms induced adhesion and di0erentiation of mesenchymal
stem cells.

Moreover, Gnauck et al. [159] synthetized a carboxy-
terminated oligo (ethylene glycol) alkanephosphate with the
OEG for resistance against nonspeci6c protein adsorption
and cells/bacteria adhesion and the COOH-terminal func-
tional group as a linker for the attachment of speci6c
bioligands, such as peptides and proteins to be present at the
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surface. XPS data showed that the monomolecular layer is
attached with the phosphate group to the substrate but not
fully ordered or taking an all-trans conformation. However,
this study did not present any result concerning protein
adsorption or cell adhesion with only chemical and structure
characterization. Bozzini et al. [160, 161] synthesized PEG-
terminated alkanephosphate that was codeposited with OH-
terminated alkane phosphates from aqueous solution onto
TiO2 6lms. XPS and ellipsometry of the resulting mixed
SAMs indicate that the PEG density can be controlled by
varying the mole fraction of PEG-terminated phosphates
in the solutions used during the deposition process, leading
to surfaces with di0erent degrees of protein resistance
[160] and reduction of bacterial adhesion (S. mutans): As
the PEG surface density increased, the protein adsorption
and bacterial adhesion considerably decreased when com-
pared to uncoated titanium surfaces, while maintaining
osteoblast proliferation up to 7 days of culture in vitro
with the greatest levels of metabolic activity at the highest
PEG surface concentrations [161]. )ese results are ex-
tremely promising in view of a potential clinical appli-
cation in dental implants, where reduction of bacteria
adhesion and stimulation of bone formation are both
highly desirable.

Other approaches using nonphosphate SAMs have been
reported, showing results oriented to improve the osseoin-
tegration and reduce the bacterial adhesion [162–165].

6. Conclusions

)e present review shows that dental-based implant therapy
after 30 years is a predictable short-term treatment to patient
with full or partial edentulism. However, long-term success
and survival of implant need more research looking for
a more stable interface tissue/implant. Nanoscale modi6-
cations of surface implants have been an active scienti6c
area, where new approaches such as SAMs are providing
strategies to modulate tissue response and microbiota
microenviroment in terms of bioactivity, antiadhesion,
antibacterial, or combined e0ects.

(i) Titanium with SAMs for bioactive osseointegration
e0ect has been highly studied with several strategies
such as exposure of carboxylic terminal to promote
calcium phosphate or hydroxyapatite deposition,
with immobilized cell adhesive RGD peptides to
induce osteoblast attachment, spreading, and pro-
liferation and with immobilized bone morphoge-
netic proteins (BMPs) to promote bone formation.

(ii) Antiadhesive and antibacterial SAMs on titanium
have been sparsely worked with few studies, based
on monolayers with protruding group of ethylene
glycol and in the immobilization of metals ions and
molecules with activity against bacteria, respectively.

(iii) SAMs on titanium with combined bioactivity and
antiadhesion or antibacterial e0ect have been little
described with a monolayer of ethylene glycol to
which pro-osseointegration molecules might be
immobilized.
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Valverde, andM. A. Cabrerizo-Vı́lchez, “Formation of mixed
and patterned self-assembled 6lms of alkylphosphonates on
commercially pure titanium surfaces,”Applied Surface Science,
vol. 389, pp. 270–277, 2016.

[155] L. Rojo, B. Gharibi, R. McLister, B. J. Meenan, and S. Deb,
“Self-assembled monolayers of alendronate on Ti6Al4V alloy
surfaces enhance osteogenesis in mesenchymal stem cells,”
ScientiCc Reports, vol. 6, no. 1, p. 30548, 2016.

[156] E. Byun, J. Kim, S. M. Kang, H. Lee, D. Bang, and H. Lee,
“Surface PEGylation via native chemical ligation,” Bio-
conjugate Chemistry, vol. 22, no. 1, pp. 4–8, 2011.

[157] J. Vaithilingam, S. Kilsby, R. D. Goodridge, S. D. R. Christie,
S. Edmondson, and R. J. M. Hague, “Immobilisation of an
antibacterial drug to Ti6Al4V components fabricated using
selective laser melting,” Applied Surface Science, vol. 314,
pp. 642–654, 2014.

[158] J. Vaithilingam, S. Kilsby, R. D. Goodridge, S. D. R. Christie,
S. Edmondson, and R. J. M. Hague, “Functionalisation of
Ti6Al4V components fabricated using selective laser melting
with a bioactive compound,” Materials Science and Engi-
neering: C, vol. 46, pp. 52–61, 2015.

[159] M. Gnauck, E. Jaehne, T. Blaettler, S. Tosatti, M. Textor, and
H. J. P. Adler, “Carboxy-terminated oligo(ethylene glycol)–
alkane phosphate: synthesis and self-assembly on titanium
oxide surfaces,” Langmuir, vol. 23, no. 2, pp. 377–381, 2007.

[160] S. Bozzini, P. Petrini, M. C. Tanzi, S. Zürcher, and S. Tosatti,
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Background. ,e rehabilitation of edentulous jaws with guided and 3apless surgery applied to the All-on-4 concepts is
a predictable treatment with a high implant and prosthetic survival rates, but there are several contraindications for this
technique like when bone reduction is needed due to a high smile line in the maxilla or when there is an irregular or thin
bone crest. Purpose. To report a technique with double guided surgery for bone reduction and implant placement with the
All-on-4 concept. Materials and Methods. 7 patients were included in the study. Guided implant planning was performed
using CBCT, and the virtual templates were created with three dedicated software. Custom surgical templates were
made for the ostectomy and for implants positioning. Results. 28 implants were placed using a double bone-supported
surgical guide. ,e mean angular errors between the preoperative-planned implant and the postoperative-placed implant
were 2.155°± 2.03°; the mean distance errors between the planned and the placed implants were 0.763 mm ± 0.55mm on
the shoulder implant and 0.570 mm ± 0.40 mm on the apex implant. Conclusions. ,e results of our study indicate that
this treatment is predictable with an excellent survival rate allowing excellent results even when bone reduction is
mandatory.

1. Introduction

One of most important things for edentulous rehabilitation
is to optimize the patient’s treatment and comfort in the
fastest and safest way. In the last years, the use of one-stage
surgical protocols with immediate function has demon-
strated to be an e?ective treatment in full or partial-arch
edentulous rehabilitation, giving patients the chance of
having a @xed dentition as soon as possible [1].

Sometimes, the lost of posterior teeth of the mandible
can make complex the treatment plan because of the
impediment in using the alveolar bone posterior to the
inferior alveolar nerve without the addition of complicate
surgical steps like bone grafting procedures or nerve
transposition [2].

,e same can happen in the maxilla when the atrophic
bone makes diCcult the rehabilitation without a sinus lift.

,e All-on-4 treatment concept introduced by Maló
allows the rehabilitation of edentulous jaws without bone

graft in one surgical step through the placement of 4 im-
plants, optimizing the available bone. ,e implants are
placed two posteriorly tilted between 30° and 45° and two
anteriorly axial, well anchorated achieving a primary sta-
bility of at least 30Ncm. ,e survival rate implant related
was 98% for themaxilla and 98.1% for themandible after 5 to
10 years of follow-up [3–5]. ,e use of tilted and longer
implants increases primary stability, allows cantilever de-
crease with excellent prosthetic support, and maximizes the
use of available bone [6].

,e clinical outcome of optimal implant placement is
based on precise preoperative planning. Computer-aided
surgery techniques are suggested for reaching a precise
implant position avoiding lesions for important anatomical
structures such as the maxillary sinus or the mandibular
nerve [7].

Several authors introduce a variance from the protocol
presented by Maló using the guided surgery for the All-on-4
procedure [8, 9]. According to the guided surgery protocol,
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a surgical guide is made based on data obtained through
CBCT [10].

Naziri et al. have proven the precision and predictability
of implant placement when using CAD-CAM surgical
guides based on CBCT. ,e analysis of Naziri shows
a median deviation between preoperative plan and post-
operative implant positions of 1mm at the implant shoulder
and 1.4mm at the implant apex, with a median angular
deviation of 3.6° [11].

,ere are three kinds of tissue that can sustain ster-
eolithographic surgical guides: bone, mucosa, and tooth.
,e @rst templates used for the treatment of edentulous
full-arch were the bone-supported guides. In 2006, Fortin
et al. introduced the 3apless surgical technique with
mucosa- and tooth-supported template. ,is is a mini-
mally invasive technique that allows us to decrease sur-
gical time, patient discomfort, postoperative bleeding, and
the healing period, but it is important to remember that
bone template provides the best visualization of the
surgical @eld, allowing for better control of the whole
procedure [7, 12, 13].

,e results of Maló studies suggest that the rehabilitation
of edentulous jaws using surgical planning and surgical-
customized templates with prosthetic rehabilitation through
CBCT, CAD-CAM technology, and 3apless surgery is
a predictable treatment with a high implant and prosthetic
survival rates when is applied to the All-on-4 concept.
However, there are several contraindications for this tech-
nique; one of the most important is when bone reduction is
necessary due to a gummy smile in the maxilla or when an
irregular or thin bone crest in the jaws prevents a correct
treatment [6].

,e smile line must be considered when planning an
implant-supported @xed prosthesis. We must ensure that
the prosthesis tissue junction (PTJ) is not visible during
the patient’s maximum smile. ,is is primarily because of

the diCculty to match with precision of the colour of
the prosthetic gingiva with the natural gingival tissues
[14–17].

,e second cause for bone reduction is to allow adequate
implant and prosthetic space. In all these cases, it is nec-
essary to perform a bone reduction or ostectomy of the jaws,
but it is no easy to know howmany bone it must be reduced;
underreduction of bone can lead to prosthetic failure, and
overreduction of bone can produce a divestment of available
bone and risks encroachment of vital anatomic structures
[14–16].

,is article describes a technique with double-guided
surgery for bone reduction and implant placement in the
All-on-4 concept, avoiding risks of vital anatomic structures and
guarantying a good aesthetic result. ,is protocol can be used
with edentulous patients and also patients with failure dentition.

2. Materials and Methods

Seven patients with edentulous or partial edentulous arches
were included and treated in 3 private center practices. ,e
patients were 45 to 72 years old.

A total of 28 implants were placed between February
2015 and October 2016.

,e treatment’s plannings were performed always by the
same surgeon.

Four implants were placed in the maxilla and 24 im-
plants in the mandible. One ostectomy guide was used in the
maxilla, and 6 were used in the mandible.

,e procedure and the evaluation of the aesthetic param-
eters were based on a planning data and 2D photographs. A
prosthesis was manufactured prior to the implant surgery and
was immediately inserted after surgery.

Panoramic radiographs and CT scan were examined.
Patients with minimum bone volume available with thin

crest bone or with gingival display to perform an All-on-4

(a) (b)

(c) (d)

Figure 1: (a) 3D implant planning. (b) Resection guide. (c) 3D implant planning with ostectomy performed. (d) Implant guide.
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rehabilitation were selected, so patients with bone reduction
were nedeed.

2.1. Planning Protocol. Guided implant planning was per-
formed using CBCT, and computer-assisted implant treat-
ment planning software 3Diagnosys (3Diemme, Cantú, Italy),
Mimics 10.01 (Materialise, Leuven, Belgium), and PlastyCAD
1.5 (3Diemme) were used to create the virtual templates.

Custom surgical templates were made for the ostectomy
and for implants position (3Diemme, Cantù, Italy) (Figure 1).

,e planning protocol includes alveolar ostectomy
of the maxilla up to 2mm from line smile when there
was a gingival display and as much as necessary bone
reduction when there was an irregular or thin crest in
the maxilla or in the mandible. ,e measurements were

made directly on the patient and then reported to the
software.

,e implants were planned according to the All-on-4
protocol, two tilted and two axial, to take advantage of the
available bone. ,e implants were not prosthetically driven.

,e STL @le of templates was then sent to fabricate.,ese
templates were made in all-acrylic resin with 3D DWS
Digitalwax 020D printer that could print with a minimum of
0.01mm thickness.

2.2. Surgical Protocol. ,e surgical procedures for both
jaws were performed under local anaesthesia with sedation.
Antibiotics (clavulanic acid + amoxicillin) were given 1 hour
before surgery and daily for six days thereafter. Prednisone
was administrated daily in a regression mode (from 15mg to

(a) (b)

(c) (d)

Figure 2: (a) Maxillary postextraction. (b) Ostectomy performed by saw through the guide. (c) Removal of the ostectomized bone.
(d) Implant guide placed on the same holes used to @x the resection guide.

Figure 3: Super imposition of the postop CT scan and the preop 3D panning.
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5mg) from the day of surgery until 4 days postoperatively.
Analgesics were given for 4 days and then just if needed.

A mucosal incision was made to raise a mucoperiosteal
3ap; the bone-supported surgical template for ostectomy
was positioned and @xed with three anchor pins. ,en the
ostectomy was performed with a saw (W&H).

After the ostectomy, the second template was @xed in
the same holes of the @rst anchor pins. ,e precise @t of
surgical templates was visually and manually checked
before surgery.

Implants were placed through the sleeves of the sur-
gical template in the planning anatomic sites (Figure 2).
Four di?erent types of implants were used, Nobel speedy,

Nobel parallel CC, Prodent twinner collar, and Leader
Implus, depending on the preference of implant connec-
tion required by the dentist. ,e implant site was under
preparation according to the bone density achieving
an insertion torque of 35 to 50 Nmc in the maxilla, and
30 to 70Nmc in the mandible was applied to obtain
a primary stability for loading immediately the @xed
denture prosthesis.

2.3. Immediate Provisional Prosthetic Protocol. Implant-
supported @xed prosthesis of high-density acrylic resin
with titanium cylinders were manufactured at the dental
laboratory and inserted at the same day. ,e provisional

(a) (b)

Figure 4: (a) Preop clinical presentation. Partially edentulous with high mobility of the teeth and gummy smile. (b) Immediate postop with
provisional prosthesis. With ostectomy of the maxilla we correct the defect of the patient’s smile.

Table 1: Accuracy: angular and distance errors.

Patient Position of implant Angular error (°) Shoulder error (mm) Apical error (mm)

1

#45 0.65 0.1 0
#42 0 0.1 0.5
#32 3.37 1.37 1.09
#35 4.19 0.91 0.72

2

#15 0.67 0.59 0.75
#12 3.40 0.45 0.66
#22 4.11 1.33 0.82
#25 0.83 1.77 0.20

3

#45 0 0.75 0.1
#42 2.21 0.47 0.42
#32 9.49 0.36 1.82
#35 2.99 0.40 0.89

4

#45 5.56 1.22 0.27
#42 1.09 0.39 0 58
#32 0 0 0
#35 0.79 0.80 0.42

5

#45 2.03 1.01 0.32
#42 1.01 0.30 0.65
#32 3 0.81 0.87
#35 1.05 0.93 0.41

6

#45 0.80 0.23 0.29
#42 2.03 1.76 1.05
#32 1.10 1.14 0.58
#35 3.01 0.89 0.27

7

#45 3.21 1.79 1.20
#42 0.65 0.40 0.46
#32 2.20 0.95 0.62
#35 0.9 0.32 0.31

Mean± standard deviation — 2.155± 2.03 0.763± 0.55 0.570± 0.40
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prosthesis was positioned in the mouth using the patient’s
occlusion. Just anterior occlusal contacts were preferred in
the provisional prosthesis, and no cantilevers were used.
Emergence positions at the posterior implants were nor-
mally at the second premolar or @rst molar allowing the
prosthesis to hold 10 to 12 teeth [18].

2.4. Outcome Measures. ,e @rst parameter evaluated was
the accuracy of implants position according to the surgical
planning. It was confronted that the 3D CT scan re-
construction of the planning is obtained with 3Diagnosys
software with a postsurgery CT scan. In order to analyse
di?erences between preoperative planned implants and
postoperative placed implants, angular errors and distance
errors were evaluated [19] (Figure 3).

,e second outcome evaluated was the implant survival
rates. To analyse this parameter, Maló Clinic survival criteria
were used: clinical stability, function without any discom-
fort, absence of suppuration, infection, or radiolucent areas
around the implants during the follow-up [6].

,e third and last outcome evaluated was the aesthetic
of smile with the @xed complete denture prosthesis.
“Dental aesthetics” has been de@ned as “the application of
the principles of esthetics to the natural or arti@cial teeth
and restorations.” It is diCcult to @nd studies in the
literature that can be considered as evidence based. ,e
parameters considered in this study were the concealment
of prosthesis tissue junction and an adequate posterior
tooth extension to avoid “black space” behind the pros-
thesis [15, 16] (Figure 4).

3. Results

Twenty-eight implants were placed in 7 patients, and all
implants were inserted using bone-supported surgical guide,
created with 3 dedicated software. To place the implants, the
All-on-4 protocol was performed. All implants were loaded
immediately.

,e angular and distance errors are summarized in Table 1.
,e mean angular error between the preoperative planned
implant and the postoperative placed implant was 2.155± 2.03;
the mean distance errors between the planned and the placed
implants were 0.763± 0.55 on the shoulder implant and
0.570 ± 0.40 on the apex implant.

Life table analysis is reported in Table 2. At one year of
follow-up, 0 implants failed, resulting in a cumulative im-
plant survival rate of 100%; all implants are functional with
0% of infection or radiolucent areas. It was not reported any
complication during the entire follow-up.

In all patients, the prosthesis tissue junction was not
visible during the maximum smile, and there was no black
space posterior on prosthesis. ,e aesthetic result evaluated
from patients was excellent (Figure 5). ,e aesthetic pa-
rameters results are summarized in Table 3.

4. Discussion

,e present study was planned to estimate the accuracy of
implants position, the survival rate of implants placed, and
the aesthetic of smile using a new protocol that expects
a double surgical guide. ,e @rst guide is to perform an
ostectomy in all cases when bone reduction is mandatory,

Table 2: Implant survival rate.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
Number of implants stable 4 4 4 4 4 4 4
Number of implants functional 4 4 4 4 4 4 4
Number of implants with infection 0 0 0 0 0 0 0
Number of implants with radiolucent areas 0 0 0 0 0 0 0

(a) (b)

Figure 5: Pre- and post-OPG. In the postop OPG, we can see the guided ostectomy of the maxilla and the implants positioning.

Table 3: Aesthetic parameter results.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
PTJ visible No No No No No No No
Black space posterior No No No No No No No
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and the second guide is to place the implants in a perfect
position to avoid anatomical damages and avoiding bone
grafts. ,e protocol was planned @rst virtually with
computer-assisted planning software, and the virtual tem-
plates with bone support were created. Computer-guided
implant surgery consents accurate implant positioning with
safety application and has the advantage of surgical time
reduction and the optimization of available bone [20]. ,e
templates used were bone supported as wemust raise the 3ap
to perform the bone reduction; this kind of templates
provides better accuracy than conventional 3apless guides
because the limiting factor of soft tissue is removed after 3ap
elevation [7].,e @t of template was based on bone anatomy,
and the soft tissue does not interfere with it. Our technique
o?ers the option to fabricate a guide with increased thickness
that improves the mechanical proprieties avoiding the
fracture of the guide during the surgery.

With this method it is not necessary to use the classic
protocol of double CTscanning, like 3apless guided surgery,
to obtain the gingival surface because we use only bone
surface to create the template. So the time and the @nal cost
of the treatment were reduced. Another advantage over the
free-hand approach is the precision of implant positioning
using all distal available bone and the accuracy of the
millimeters of ostectomy.

,e results of this study are in agreement with previously
published works [20–25].

,e transfer of the virtual planning to the surgical template
for the operation time results in a very accurate technique.

Nowadays, it is mandatory to expect the best aesthetic
results so as to correct the excessive gingival display which
becomes also a priority, such as to prevent black spaces pos-
terior in the @nal prosthesis and a good outcome to the PTJ. It
does not exist as a simple technique to perform bone reduction
with a guided surgery in a safest and quick way [26–28].

5. Conclusions

,e results of this preliminary study suggest that this
treatment modality for total or partial edentulous pa-
tients is predictable with an excellent implant survival
rate. By combining 3D planning for a double surgical guide,
the All-on-4 protocol, and immediate loading implants, it is
possible to increase the advantages of each one, resulting in
a more accurate and safer technique with high predictable
results. Patients can rehabilitate full-arches even when bone
reduction is mandatory because of a gummy simile or be-
cause of an irregular or thin bone crest. Our technique
demonstrated excellent aesthetic outcomes with a reduction
surgery time without any complication.
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[9] A. Lopes, P. Maló, M. De Araujo Nobre, E. Sanchez-Fer-
nandez, and I. Gravito, “,e NobelGuide® All-on-4® treat-
ment concept for rehabilitation of edentulous jaws:
a retrospective report on the 7-years clinical and 5-years
radiographic outcomes,” Clinical Implant Dentistry and Related
Research, vol. 19, no. 2, pp. 233–244, 2017.

[10] S. M. Meloni, M. Tallarico, M. Pisano, E. Xhanari, and
L. Canullo, “Immediate loading of @xed complete denture
prosthesis supported by 4-8 Implants placed using guided
surgery: a 5 year prospective study on 66 patients with 356
implants,” Clinical Implant Dentistry and Related Research,
vol. 19, no. 1, 2016.

[11] E. Naziri, A. Schramm, and F. Wilde, “Accuracy of computer-
assisted implant placement with insertion templates,” In-
terdisciplinary Plastic and Reconstructive Surgery, vol. 5, 2016.

6 International Journal of Dentistry



[12] T. Fortin, J. L. Bosson, M. Isidori, and E. Blanchet, “E?ect of
3apless surgery on pain experienced in implant placement
using an image-guided system,” International Journal of Oral
and Maxillofacial Implants, vol. 21, no. 2, pp. 298–304, 2006.

[13] A. Azari and S. Nikzad, “Flapless implant surgery: review of
the literature and report of 2 cases with computer-guided
surgical approach,” Journal of Oral and Maxillofacial Surgery,
vol. 66, no. 5, pp. 1015–1021, 2008.

[14] A. S. Bidra, “Technique for systematic bone reduction for @xed
implant-supported prosthesis in the edentulous maxilla,”
Journal of Prosthetic Dentistry, vol. 113, no. 6, pp. 520–523,
2015.

[15] A. S. Bidra, J. R. Agar, and S.M. Parel, “Management of patient
with excessive gingival display for maxillary complete arch @xed
implant-supported prostheses,” Journal of Prosthetic Dentistry,
vol. 108, no. 5, pp. 324–331, 2012.

[16] A. S. Bidra, “,ree-dimensional esthetic analysis in treatment
planning for implant-supported @xed prosthesis in the
edentulous Maxilla: review of the esthetics literature,” Journal
of Esthetic and Restorative Dentistry, vol. 23, no. 4, pp. 219–
236, 2011.

[17] F. Nejad, P. Proussaefs, and J. Lozada, “Combining guided
ridge reduction and guided implant placement for all-on-4
surgery: a clinical report,” Journal of Prosthetic Dentistry,
vol. 115, no. 6, pp. 662–667, 2016.

[18] G. A. Dolcini, M. Colombo, and C. Mangano, “From guided
surgery to @nal prosthesis with a fully digital procedure:
a prospective clinical study on 15 partially edentulous pa-
tients,” International Journal of Dentistry, vol. 2016, Article ID
7358423, 7 pages, 2016.

[19] S.-Y. Moon, K.-R. Lee, S.-G. Kim, and M.-K. Son, “Clinical
problems of computer-guided implant surgery,”Maxillofacial
Plastic and Recosntructive Surgery, vol. 38, no. 1, p. 15, 2016.

[20] D. Schneiderm, P. Marquardt, M. Zwahlen, and R. E. Jung, “A
systematic review on the accuracy and the clinical outcome of
computer-guided template-based implant dentistry,” Clinical
Oral Implants Research, vol. 20, pp. 73–86, 2009.

[21] A. Komiyama, B. Klinge, and M. Hultin, “Treatment outcome
of immediately loaded implants installed in edentulous jaws
following computer-assisted virtual treatment planning and
3apless surgery,” Clinical Oral Implants Research, vol. 19,
no. 7, pp. 677–685, 2008.

[22] R. A. Landázuri-Del Barrio, J. Cosyn, W. N. De Paula, H. De
Bruyn, and E. Marcantonio Jr., “A prospective study on
implants installed with 3apless-guided surgery using the all
on-four concept in the mandible,” Clinical Oral Implants
Research, vol. 24, no. 4, pp. 428–433, 2013.

[23] L. Gillot, R. Noharet, and B. Cannas, “Guided surgery and
presurgical prosthesis: preliminary results of 33 fully eden-
tulous maxillae treated in accordance with the NobelGuide
protocol,” Clinical Implant Dentistry and Related Research,
vol. 12, pp. e104–e113, 2010.

[24] S. M. Meloni, G. De Riu, M. Pisano, O. Massarelli, and
A. Tullio, “Computer assisted dental rehabilitation in free
3aps reconstructed jaws: one year follow-up of a prospective
clinical study,” British Journal of Oral and Maxillofacial
Surgery, vol. 50, no. 8, pp. 726–731, 2012.
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Introduction. Microfabrication o1ers opportunities to study surface concepts focused to reduce bacterial adhesion on implants
using humanminimally invasive rapid screening (hMIRS).Wide information is available about cell/biomaterial interactions using
eukaryotic and prokaryotic cells on surfaces of dental materials with di1erent topographies, but studies using human being are still
limited. Objective. To evaluate a synergy of microfabrication and hMIRS to study the bacterial adhesion on micropatterned
surfaces for dental materials.Materials and Methods. Micropatterned and 8at surfaces on biomedical PDMS disks were produced
by soft lithography. +e hMIRS approach was used to evaluate the total oral bacterial adhesion on PDMS surfaces placed in the
oral cavity of :ve volunteers (the study was approved by the University Ethical Committee). After 24 h, the disks were analyzed
using MTT assay and light microscopy. Results. In the present pilot study, microwell structures were microfabricated on the
PDMS surface via soft lithography with a spacing of 5 µm. Overall, bacterial adhesion did not signi:cantly di1er between the 8at
and micropatterned surfaces. However, individual analysis of two subjects showed greater bacterial adhesion on the micro-
patterned surfaces than on the 8at surfaces. Signi3cance. Microfabrication and hMIRS might be implemented to study the
cell/biomaterial interactions for dental materials.

1. Introduction

+e formation of oral bio:lms on natural materials (e.g.,
enamel and dentin) and restorative biomaterials promotes the
development of diseases, such as dental caries, periodontitis,
and peri-implantitis [1, 2]. Microbial adhesion is the :rst step
in colonization and the formation of a bio:lm, in which
microorganisms and extracellular material accumulate on
a solid surface [3]. Bio:lms have been de:ned as communities
of microorganisms that grow embedded in a matrix of
exopolysaccharides that a1ect inert surfaces or living tissues
[4], where such formation can be produced by any micro-
organism if suitable environmental conditions are provided.

+e microenvironment plays a decisive role in the for-
mation of the oral bio:lm on dental materials due to direct
or indirect interactions [5]. Factors such as pH, temperature,
and saliva, among others, a1ect bio:lm composition [6].
+ese interactions are a challenge in using in vitro ap-
proaches (i.e., bacterial static or dynamic culture reactors
and micro8uidic devices) due to intra- and interindividual
variations in the oral environment through health and
disease conditions. In addition, surface properties are one of
the major microenvironmental factors that substantially
in8uence bio:lm formation. Variations in free surface en-
ergy and surface roughness promote plaque formation and
maturation [7, 8].
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Soft lithography allows the production of random or or-
dered surfaces in a controlled manner. Such surfaces modulate
the cellular response [9], speci:cally cell adhesion, metabolism,
orientation, adhesion, growth, and di1erentiation in vitro
[10–12]. +e relationship between microfabricated surfaces
and bacterial behaviour show limited information [4, 13–15]
and human studies are narrow due to bioethical regulations.
+e challenge to carry out translational research to surface
modi:cated biomaterials is a intensive, time-consuming and
cost labor. Human rapid screening might provide new suc-
cessful therapies to patients in a short time. Rimondini et al. [6]
introduced a minimally invasive technique to evaluate the
adhesion of bacteria and bio:lms in dental materials with
random topographies generated by chemical or physical
processing based on subtractive techniques. However, ordered
topographies are hard to produce by traditional processing,
but it was solved using microengineered techniques. To the
best of our knowledge, a synergy of hMIRS and additive
additives such as soft lithography has not been reported
to evaluate bio:lm formation on dental and implant
material surfaces.

+e aim of the present study was to evaluate a synergy of
microfabrication and hMIRS to study the bacterial adhesion
on micropatterned surfaces for dental materials.

2. Materials and Methods

+is pilot study had approval from the ethical committee of
the Universidad Cooperativa de Colombia, Medelĺın,
Colombia. Five subjects between 18 and 35 years of age were
invited, who met the following inclusion criteria: no anti-
biotic treatment during the 3 months prior to the test, no use
of orthodontic appliances, nonsmoker, non-dental student,
and have signed informed consent.

Microfabricated surfaces were obtained using bio-
medical PDMS (FDA approved) processed by soft lithog-
raphy technology, which included the manufacturing of
a master model by UV photolithography for two di1erent
purposes: (a) to test pattern transferability using raised and
recessed features of di1erent sizes, and (b) to fabricate the
test geometries (pillar arrays with a 5 µm diameter, 5 µm
height, and 5 µm spacing) needed for the bio:lm study [16].
A PDMS substrate was fabricated via replica casting, where
PDMS (Silastic MDX4-4210, Dow Corning, USA) was mixed
with a curing agent at a 10 : 1 ratio and cast on the master to
generate a negative replica of the surface. PDMS 8at surfaces
were fabricated using the same procedure as microfabricated
surface, but without the master. Characterization of the
micropatterned and 8at surfaces was performed using light
microscopy (Primo Star, Zeiss, Switzerland) and scanning
electron microscopy (Hitachi, S-3000H, Japan).

Modi:ed Essix retainers were fabricated with two metal
baskets per hemiarch where transparent PDMS disks of
6mm diameter were placed with 8at and micropatterned
surfaces (Figure 1). All subjects were instructed to wear the
modi:ed Essix retainer for 24 hours, removing it only for
eating, brushing, and contact sports.

After the plates were removed from the mouth, the
disks were washed three times with saline solution

(Baxter, USA). +e disks were incubated in a solution of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT, Molecular Probe, USA) at 0.5mg/ml in saline
solution for 2 hours at 37°C. Quanti:cation of the area
covered by the bio:lm was performed on 6 random mi-
crographs obtained by optical microscopy through an ad
hoc digital image-processing strategy that included binar-
ization, edge detection, segmentation, and pixel counting
using ImageJ 1.51 g [17, 18].

2.1. StatisticalAnalysis. A comparison of the area covered by
bio:lm was performed for the two evaluated surfaces with
a nonparametric Wilcoxon rank-sum test blocked by the
subject using R software.

3. Results

Figure 2 shows the results of PDMS micropatterned arrays
from 500 nm to 300 µm.

(a)

(b)

Figure 1: Intraoral modi:ed Essix retainer with metal baskets.

PDMS resolution mold

Small
scale
zone

(500 nm)Large
scale
zone

(300 µm)

Figure 2: Resolution test. Several geometries with scales
(from 500 nm to 300 µm) were transferred from silicon wafer
to PDMS.
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Figure 3 shows optical and scanning electron micro-
graphs of the micropatterned surfaces on PDMS. A 5 μm
well structure (depth, diameter, and spacing) is observed
with no defects.

Overall (Figure 4(a)), the area covered by the bacteria did
not signi:cantly di1er between the micropatterned surfaces
and the 8at surfaces (p � 0.06). Patient-to-patient com-
parison between the micropatterned surfaces and the 8at
surfaces did not show statistically signi:cant di1erences for
subjects 2, 3, and 4 (Figures 4(c)–4(e)). For subjects 1 and 5,
signi:cantly less bio:lm formation was found on the 8at
surfaces (Figures 4(b) and 4(f)).

4. Discussion

Bacterial adhesion and bio:lm formation on biomaterials is
a complex process involving environmental factors, physical
and chemical surface properties, and bacterial characteristics
[19]. +e surface has been extensively studied in terms of free

energy and topography and has been associated with bacterial
adhesion, growth, andmaturation of bio:lm [7, 8]. Topography
modulates the behavior of eukaryotic cells in terms of adhesion,
orientation, growth, di1erentiation, and apoptosis [20, 21]. Cell
adhesion dynamics on ordered microtopographies has been
largely studied using in vitro approaches [22, 23], which
showed that the response is not universal for all surfaces,
materials, and cells. Adherent cells such as rat :broblasts [22]
show a preference for smooth surfaces rather than surfaces with
micro/nanopillars. In contrast, glial cells show a positive re-
sponse for textured surfaces [23].

Andersson et al. [24] studied cell adhesion on smooth
and textured surfaces with grooves (15 μm wide and 185 nm
deep) and pillars (168 nm diameter and 100 nm high) and
found that increasing the height of the topography reduced
epithelial cell adhesion. In addition, cells on pillars had
a smaller area of covering compared to 8at surfaces.

Dalby et al. [25] evaluated a topography of <20 nm that
promoted adhesion in a wide range of cell types (endothelial,

20 µm

(a)

20 µm

(b)

Figure 3: Micropatterned surfaces on PDMS: (a) 100x optical micrograph and (b) scanning electron micrograph.
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Figure 4: Comparison between micropatterned surfaces and 8at surfaces. (a) Overall. (b–f) Subjects 1–5.
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:broblast, and mesenchymal). +ese authors [26] show that
small pillar (10 nm) topographies improve the adhesion of
:broblasts compared to 50 nm. Rice et al. [27] also showed
that osteoblasts had low adhesion to nanopillars with heights
of 160 nm.

In contrast, bacterial studies on micropatterned sur-
faces are limited. Chung et al. [28] developed micro-
patterned surfaces by recreating shark skin on PDMS to
evaluate the in vitro adhesion of Staphylococcus aureus
when compared to smooth surfaces. +eir results showed
that the topography inhibited the development of bio:lm.
Such response was attributed to the fact that the protruding
features of the surfaces provide a physical barrier that
prevents the expansion of small colonies of bacteria.
Hochbaum and Aizenberg demonstrated bacterial ordering
and orientated attachment on the single-cell level induced
by nanometer scale periodic surface features [15]. +e
possible clinical implications of these in vitro :ndings
justify studies based on humanmodels. A systematic review
[8] concluded that an increase in the surface roughness
greater than Ra 0.2 μm or an increase in the free energy of
the surface will facilitate the formation of bio:lms in re-
storative materials.

+e present pilot study used a surface model of
microwells with a diameter, depth, and interspacing of
5 μm and hMIRS in terms of limited contact duration
(24 h) and in contact with uncompromised oral mucosa.
General comparisons showed no statistically signi:-
cant di1erence in bacterial adhesion between 8at and
microfabricated surfaces on PDMS. +ese results might
be explained by antiadhesive barrier as a consequence of
high hydrophobicity in the biomedical PDMS used, which
could be reduced with increased exposure time, but this
would be opposite to the rapid screening model described.
Modi:ed Essix retainer was used for a period of 24 hours,
which matched the in vivo human studies reported in the
literature [6, 29, 30]. Auschill et al. [31] evaluated the
formation of bio:lms over a 120-hour period on di1erent
dental materials, including glass and ceramics. +ey
found bio:lm formation with thicknesses of 1–17 μm,
values that are similar to those reported in 24-hour
studies [6, 29, 30].

In the present pilot study, the sample size used was
similar to that in in vivo human studies, which had
sample sizes ranging from 5 to 10 subjects [6, 29, 30].
+ese results of the present pilot study found that the
synergy of microfabrication by soft lithography and
hMIRS might be a powerful tool to evaluate the
bacterial/implant-biomaterials interface in human with
a minimum risk for subjects. +e tested biomedical
PDMS model surfaces require further research that in-
cludes other factors such as di1erent microstructure
features, microscale and nanoscale topographies, and
contact duration.
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In this pilot study, a 3D printed Grade V titanium dental implant with a novel dual-stemmed design was investigated for its
biocompatibility in vivo. Both dual-stemmed (n� 12) and conventional stainless steel conical (n� 4) implants were inserted into
the tibial metaphysis of New Zealand white rabbits for 3 and 12 weeks and then retrieved with the surrounding bone, �xed,
dehydrated, and embedded into epoxy resin. ,e implants were analyzed using correlative histology, microcomputed tomog-
raphy, scanning electron microscopy (SEM), and transmission electron microscopy (TEM). ,e histological presence of
multinucleated osteoclasts and cuboidal osteoblasts revealed active bone remodeling in the stemmed implant starting at 3 weeks
and by 12 weeks in the conventional implant. Bone-implant contact values indicated that the stemmed implants supported bone
growth along the implant from the coronal crest at both 3- and 12-week time periods and showed bone growth into micro-
porosities of the 3D printed surface after 12 weeks. In some cases, new bone formation was noted in between the stems of the
device. Conventional implants showed mechanical interlocking but did have indications of stress cracking and bone debris. ,is
study demonstrates the comparable biocompatibility of these 3D printed stemmed implants in rabbits up to 12 weeks.

1. Introduction

Bone-anchored implants have been a standard treatment for
edentulism since the mid-1980s, after Per-Ingvar Brånemark
demonstrated the successful osseointegration of a titanium
dental implant placed in human patients [1]. However,
failure rates for clinical use dental implants range between 3
and 8% depending on the implant design and/or patients’
health factors [2–5]. Although this appears to be a rather
successful procedure, an epidemiological study reported
1200 emergency department visits due to dental implant
failures from 2008 to 2010 in the US alone [6], signifying the
continued burden of edentulism on the healthcare system.
As such, methods to improve the clinical outcomes of dental
implants are still actively pursued.

Due to its bone-bonding or osseointegrative ability,
mechanical and chemical properties, and overall bio-
compatibility, titanium and titanium alloys have long been
the dental implant material of choice [7–9]. Recently,
considerable emphasis has been placed on surface treatment
of implants, where surface roughness and texture modi�-
cations have been shown to facilitate bone integration and
cellular activity via microscale and nanoscale features [10–13].
In addition, a range of surface coatings, such as calcium
phosphate, magnesium, and titania, have been explored with
the intent of encouraging faster osseointegration [14–16].
While it is known that implant geometry can change the
response of the bone-implant interface under loading [17],
conventional machining processes have traditionally limited
implant morphologies to conical- and screw-like designs.
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However, with the technological advances in additive
manufacturing, 3D printing of titanium and titanium alloys
for new and innovative implant geometries are now possible.
Additive manufacturing techniques, such as direct metal
laser sintering (DMLS) and electron beam melting (EBM),
are processes that can create three-dimensional metallic
constructs by selectively melting metal powder in a layer-by-
layer fashion. ,ese techniques are capable of creating
complex porous features [18–20] and an inherent surface
roughness, as the melted powder droplets solidify on the
object surface. Current use of this technology for implant
manufacturing has focused on creating open pore networks
to mimic the trabecular bone, showing improved cellular
activity and greater bone ingrowth in both rabbit and sheep
models [21–23].

In this pilot study, the osseointegration of a dental im-
plant with a novel dual-stemmed shape, enabled by DMLS,
was assessed for the �rst time. We present complementary
histology, high-resolution X-ray, and electron microscopy
analyses to investigate the bone-implant interface.

2. Materials and Methods

2.1. Implants. Twelve dual-stemmed implants (herein re-
ferred to as the SIT implant) were produced via DMLS using
an EOSINT M 280 (EOS GmbH, Krailling, Germany) with

Ti6Al4V powder and were received from Stemmed Implant
Technologies Inc. (Niagara Falls, Canada). Implants were
3mm in diameter, with 1mm diameter stems. In prepara-
tion for implantation, implants were cut into 6mm in length,
brieOy sandblasted with 70 psi and a 90% glass bead/10%
Al2O3 media, and autoclaved. Final implants consisted of
a body and stems, both 3mm in length (Figure 1(b)). Four
conical stainless steel mini-implant screws, with a tapered
body and maximum of 2mm diameter, were used as con-
trols. ,e control implants were received from Stemmed
Implant Technologies Inc., cut into a 6mm length to match
the length of the stemmed implants (Figure 1(a)), and
autoclaved for sterilization prior to the implantation pro-
cedure. At higher magni�cation, it is clear that the 3D
printed surface (f) retains characteristic surface features
representative of the powders used in its production and has
a much higher roughness than conventionally machined
implants (Figures 1(b), 1(c), 1(e), and 1(f)).

2.2. Implant Placement and Retrieval. Eight skeletally
mature female-speci�c pathogen-free New Zealand white
(NZW) rabbits (Charles River, Toronto, Canada) weighing
between 3 and 4 kg were housed at the Central Animal
Facility (CAF) at McMaster University. Animal experiments
were carried out under ethical approval (AUP 14-12-54)

(a) (b) (c)

(d) (e) (f)

Figure 1: (a) Photo of control conical implant (Ø� 2mm, l� 6mm). (b, c) SEM images of control surface. (d) Photo of dual-stemmed (SIT)
implant (Ø� 3mm, l� 6mm). (e, f) SEM images of SIT implant surface. At higher magni�cation, it is clear that the 3D printed surface (f)
retains characteristic surface features representative of the powders used in its production and has a much higher roughness than
conventionally machined implants (c).
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from the McMaster Animal Research Ethics Board. ,e day
prior to surgery and over the following four days, all rabbits
received 10mg/kg enroOoxacin (Baytril®, Bayer, Leverkusen,
Germany) to prevent infection. During surgery, the rabbits
were induced with xylazine, ketamine, and acepromazine,
intubated, and placed on isoOurane gas 2-3% inhalation
with oxygen. Buprenorphine was administered at 0.5mg/kg
subcutaneously to prevent pain and readministered every
12 hours for 48 hours postoperatively. ,e surgical method
was a cranial medial approach parallel to the tibial crest with
a slow-rotating drill and irrigation with saline (Figure 2).
,e implant bed therefore consisted of cylindrical holes
through the cortical bone slightly smaller than the di-
ameter of the implants. One implant of each type was
inserted into the tibial metaphysis of each rabbit, where
stemmed implants were pressed to �t and conical implants
were screwed in until Oush with the bone crest. Incisions
were closed with a layer of 4-0 Vicryl® (Ethicon, Inc.,
Somerville, USA), and the skin was closed with stainless
steel wound clips. Animals were then randomly split into
two groups: one provided a 3-week healing period, and
the other, 12 weeks. After the healing period, rabbits were
euthanized by overdose of barbiturate. However, one
animal at each time point was perfused with 2% glutar-
aldehyde in 0.1M sodium cacodylate buRer solution, and
bone-implant sections were removed for decalci�cation
with EDTA for histology.

Implants with surrounding bone tissue were collected
and prepared into implant-bone blocks following the meth-
odology for preparing undecalci�ed bone outlined by
Donath and Breuner [24]. Approximately 2 cm× 2 cm bone
blocks containing the implants were �xed in a solution of
1% glutaraldehyde and 1% paraformaldehyde in 0.1M
sodium cacodylate buRer for 7–10 days and subsequently
dehydrated in a graded series of ethanol, followed by

embedding in LR white acrylic resin for the 3-week speci-
mens and Embed-812 epoxy resin for the 12-week speci-
mens. Blocks were longitudinally sectioned using an Isomet®
low-speed saw (Buehler, Lake BluR, USA) and a diamond
wafer blade to reveal the bone-implant interface.

2.3. Histology. Rabbits were overdosed with 65mg/kg body
weight sodium pentobarbital I.V. and perfused via the
left cardiac ventricle with 1 L lactated Ringer’s solution
followed by 1 L formalin (10% paraformaldehyde in
phosphate buRer, pH 7.2). ,e fragment of the tibial bone
with the metal implant was carefully removed, post�xed in
formalin for two days, and then placed in formalin sup-
plemented with 4% EDTA (pH 7.2) for demineralization.
Demineralizing solution was exchanged once per week over
nine months. ,e metal implants were carefully removed
from the soft bone, and the bone was sectioned for analysis
at the site of the implants. ,e sections were dehydrated
with a series of graded concentrations of ethyl alcohol
(50–100%) and xylene, embedded in paraSn wax, cut into
5 µm thick, mounted onto glass slides, and stained with
both hematoxylin and eosin. ,e histological analysis was
performed under an Eclipse 50i light microscope (Nikon,
Tokyo, Japan).

2.4. Microcomputed Tomography. Visualization of whole
implant-bone ingrowth was achieved using a SkyScan 1172
(Bruker, Billerica, USA)with a 100 kVX-ray beam, aluminium-
copper �lter, 2.3 µm–2.6 µm pixel size, and 0.3–1° rotation
step. NRecon and CTAn software (Bruker, Billerica, USA)
were used to reconstruct and visualize the 3D volumes. ,e
length of bone growth was measured using the image
processing and analysis software ImageJ (National Institutes
of Health, Bethesda, USA).

(a) (b)

Figure 2: Cranial medial surgical approach parallel to the tibial crest. (a) Slow-rotating drill used to create pilot holes perpendicular
to the bone crest. (b) SIT implants were pressed to �t into place until Oush with bone crest. Control implants were screwed into place
(not shown).
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2.5. Scanning and Transmission Electron Microscopy. Lon-
gitudinal implant-bone blocks were sputter coated with gold
and imaged with a JSM-6610LV (JEOL Ltd., Tokyo, Japan)
scanning electron microscope (SEM) at an accelerating
voltage of 10 kV. Backscattered electron (BSE) images with
compositional contrast enabled identi�cation of regions of
new bone growth along the implant length.

Transmission electron microscopy (TEM) specimens
were prepared using an in situ lift-out method (Figure 3)
on a NVision 40 (Carl Zeiss GmbH, Germany), a dual-
beam instrument comprising a focused ion beam (FIB)
milling instrument and a Schottky �eld emission gun (FEG)
�lament SEM. Due to implant-bone separation caused
during retrieval and sample preparation, an intact bone-
implant specimen was not possible. However, the interface
between old and new bone was successfully prepared for
high-resolution analysis. TEM images were captured using

a Titan 80-300 (FEI, Oregon, USA) operated at 300 kV with
a high-angle annular dark-�eld detector.

3. Results

3.1.Histology. Histological analysis of both SIT implants and
control screw implants was completed after 3 and 12 weeks
of implantation to determine the cellular activity and
remodeling behaviour of the bone tissue with the implanted
devices (Figure 4). For both the SIT and control groups,
implants resided primarily in the cortical bone. Following
extraction of the control implant after 3 weeks, bone debris
was present between the implant and the cortical bone
(Figure 4(a)). ,is is in contrast to the cortical bone sur-
rounding the SIT implant after 3 weeks, where there was no
debris and the presence of multinucleated osteoclasts and
hypertrophied osteoblasts suggested that the bone was being

(a) (b)

(c) (d)

(e) (f)

Figure 3: TEM sample preparation of a SIT 12-week bone-implant interface using FIB. (a) Selection of ROI. (b) Deposition of protective
carbon layer over ROI. (c) Rough milling of the material surrounding the ROI. (d) Lift-out of the lamella containing the ROI via an in situ
micromanipulator. (e) Attachment of the lamella on the copper TEM grid (arrow indicates sample location). (f) Cross-sectional view of the
electron transparent sample following �nal thinning.
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actively remodeled around the implant (Figures 4(d) and
4(e)). After 12 weeks of implantation, both the control-
implanted (Figure 4(b)) and SIT-implanted (Figure 4(f))
rabbits were observed to have active bone remodeling at
the bone-implant interface. ,e control implants showed
active bone remodeling involving osteoclasts (Figure 4(c)),
meanwhile, the SIT implant was completely encased in the
cortical bone, with a layer of bone forming over its surface.
,e remodeling of the bone was still active but showed the
morphology of more mature bone (Figure 4(h)).

3.2. Microcomputed Tomography. Prior to sectioning for
SEM, the entire implant-bone blocks of the SIT and control
implants were imaged by microcomputed tomography
(µ-CT). Radiographs of both implant types revealed the top
portion of the implants to be surrounded by the cortical
bone with the remainder of the implant located in the

medullary cavity (Figures 5(a), 5(e), 6(a), and 6(e)). ,e SIT
and control implants were shown to have new bone growing
from the preexisting cortical bone, down and around each
implant surface and into the medullary cavity, after 3 and
12 weeks (Figures 5 and 6). ,ree-dimensional renderings
(Figures 5(b), 5(f), 6(b), and 6(f)) of both implants provided
a holistic perspective of the entire implant and surrounding
bone volume. ,e new bone growth around the implants is
simultaneously visualized with the growth down the im-
plant length. ,e location of the reconstructions shown in
Figures 5 and 6 is represented in the 3D renderings by the
corresponding cross-sectional and longitudinal planes. At
3 weeks, the new bone is in an immature state, identi�ed by
lighter contrast and porous structure when compared to
the preexisting cortical bone for both the control (Figures
5(c) and 5(d)) and SIT (Figures 5(h) and 5(g)) implants.
Qualitatively, through 12 weeks, the new bone appeared to
have developed into mature or remodeled cortical bone

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 4: H&E staining highlights histological changes in the tibial bone after implantation of the SIT implant (d, e, f, g, h) or control
implant (a, b, c) for a duration of 3 weeks (a, d, e) or 12 weeks (b, c, f, g, h). ,e metal implants have been removed. (a) At 3 weeks post
implantation, bone debris is present between the control implant and cortical bone. (b) At 12 weeks post implantation, the cortical bone
surrounding the control implant has active bone remodeling at the bone-metal interface (c) which involves osteoclasts (arrow). However,
the cortical bone is being actively remodeled (double-headed arrow) around the site of the SIT implant (d) after 3 weeks. At higher
magni�cation (e), multinucleated osteoclasts (black arrows) and hypertrophied osteoblasts (white arrows) participate in bone remodeling.
(f) At 12weeks post implantation, the SIT implant is encased in the cortical bone (arrowheads) which at higher magni�cation (h) has the
morphology of a mature bone (double-headed arrow). ,e remodeling of the bone surrounding the SIT implant is still active (g) and
involves osteoclasts (black arrow) and hypertrophied osteoblasts (white arrows). CTRL� control, SIT�stemmed implant, CB� cortical
bone, and BD� bone debris.
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with higher levels of mineralization, as a result of the
similar contrast and density of the new and old cortical
bone for both implant types (Figures 6(c), 6(d), 6(h), and
6(g)). ,e longitudinal sections of the control (Figures 5(c)
and 6(c)) and SIT (Figures 5(g) and 6(g)) implants showed
a diRerence in the extent of bone growth extending from
the bone crest down the length of the implant at both time
points. ,e new bone accounted for 25% and 50% of
the total bone length residing along the control and SIT
implant surfaces, respectively, at 3 weeks (Figure 7). After
12 weeks, the new bone accounted for 35% and 55% of
the total bone length residing along the control and
SIT implant surfaces, respectively (Figure 7). While the
bone growth down the SIT implant surface was greater
than that down the control implant surface at both time
points, a diRerence in the extent of radial bone growth
between the control and SIT implants was less evident.
Qualitative results suggest that over the same time period,
bone grows similarly around the SIT implant compared to
controls.

3.3. Scanning ElectronMicroscopy. Similar to the micro-CT
results, SEM images did not show a trabecular bone
transition underlying the cortical bone, which indicated
some misplacement of the implant oR the target anatomical

position. As such, bone contact was only possible origi-
nating from the cortical bone crest. Imaging of the em-
bedded sections with SEM enabled qualitative assessment
of the bone-implant contact in this cortical region. ,ree
weeks after implantation, the cortical bone was present
within the threads of the control implant (Figure 8(a)).
,is mechanically interlocked bone was in contact with
the control implant, while the new bone further down the
length of the implant was primarily not in direct contact.
However, stress cracks were observed at the mechanically
interlocked thread tips. In contrast, little to no bone was
in contact with the SIT implant after 3 weeks (Figure 8(c)).
,e absence of threads also indicates a lack in mechan-
ical interlocking. ,e bone structure around the SIT
implant specimens appeared less developed with more
porosity and randomly oriented osteocyte lacunae;
however, in some cases, new bone formation was observed
in between the stems of the SIT implant. Twelve weeks
post implantation, the bone surrounding both implant
types was more developed and in greater contact with the
implant surfaces (Figures 8(b) and 8(d)). ,e arrow in
Figure 8(d) points to bone growth within the micropo-
rosities of the SIT implant suggesting improved osteo-
conduction. As with the 3-week samples, stress cracks
were also present within the bone from the 12-week
control implant.

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 5: Micro-CTanalysis following 3-week implantation of CTRL (left column) and SIT (right column) implants. (a, e) Radiographs of
each implant type. (b, f) 3D visualization of the implant and bone (purple) with orthogonal planes labelled, (c, d, g, h) corresponding
orthoslices from (b, f) where new bone formation (appears lighter in contrast) is noted. Both implants showed bone conduction down the
implants from the cortical bone crest, while the SIT implant also showed new bone formation between the implant stems.
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3.4. Transmission Electron Microscopy. To fully assess the
osseointegration between the bone and implant and the
quality of bone tissue at the interface, higher spatial reso-
lution than that achieved by SEM is required. Figure 9(a)

shows a high-angle annular dark-�eld (HAADF) image of
the SIT implant-bone interface after 12 weeks of healing. A
separation at the bone-implant interface, likely due to
mechanical stresses during removal and resin in�ltration,

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 6: Micro-CTanalysis following 12-week implantation of CTRL (left column) and SIT (right column) implants. (a, e) Radiographs
of each implant. (b, f) 3D visualization of the implant and bone (purple) with orthogonal planes labelled, (c, d, g, h) corresponding
orthoslices from (b, f) where the new bone has matured and is of equal intensity to the preexisting bone. Both implants showed bone
conduction down the implants from the cortical bone crest; however, bone growth between the stems was not noted in this particular
specimen.
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Figure 7: (a) Representative micro-CT orthoslice of the SIT device, indicating new cortical bone growth (NCB) and total cortical bone
(TCB) from the coronal surface after implantation. (b) Graphical comparison of new bone formation under the cortical bone crest to total
bone crest height observed after 3- and 12-week implantation for control and SIT implants.
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was exaggerated by the FIB during TEM sample preparation.
However, the matching contours of the bone and implant
surface indicate that the implant and bone were likely in
complete contact prior to retrieval. Preparation of a TEM
specimen for the SIT implant at 3 weeks was not possible
because of a lack of contact at the bone-implant interface.
However, a specimen of the bone near the implant inter-
face was removed for TEM. ,e diRerence in bone quality
near the implant surface at 12 and 3 weeks is shown in
Figures 9(b) and 9(c), respectively. ,e collagen �bers of the
12-week bone are more organized compared to the woven

collagen �bers and visible mineral clusters of the 3-week
bone, highlighting the diRerences in bone maturity.

4. Discussion

A novel implant design by Stemmed Implant Technologies
Inc. is marked by a signi�cant geometrical change that
employs dual prong-like stems when compared to con-
ventional implants that are generally conical threaded
screws.,e unique shape of this implant was achieved by the
layer-by-layer, bottom-up approach of DMLS. It has been

(a) (b)

(c) (d)

Figure 8: BSE-SEM images of the bone-implant interface after 3-week (a, c) and 12-week (b, d) implantation for (a, b) control and (c, d) SIT
devices. Bone conduction along and into the microporosities of the SIT implant was observed after 12 weeks (arrowhead).

(a) (b) (c)

Figure 9: HAADF STEM images of (a) the SIT implant-bone interface after 12-week implantation. Bone growth around the nanoscale
features was observed (arrow). (b) Ordered collagen �brils, representative of mature bone, are noted adjacent to the implant at 12 weeks,
while at 3-week implantation (c) partially disorganized collagen �brils, representative of newly developing woven bone, are noted adjacent to
the implant, consistent with the new bone structure.

8 International Journal of Dentistry



proposed that the new SIT implant will better resist rota-
tional forces experienced during mastication and bruxism,
as well as reducing the amount of bone removed and
damaged during surgery and insertion. However, it is im-
portant to note that the authors did not evaluate any of
these claims in this study. ,is pilot study aimed to un-
derstand the bone-implant interactions of the SIT implant
and to predict its potential success in clinical implant
scenarios. ,is was conducted with histology, X-ray, and
electron microscopies. While the nature of a pilot study
limits this work to a small sample size, the reported �ndings
provide an initial assessment of the biocompatibility of the
SIT implant and demonstrate its potential for further animal
and clinical studies.

Histological analysis showed active bone growth and
remodeling for both the SIT and control implants via os-
teoclast- and osteoblast-mediated bone matrix resorption
and deposition. ,ese observations are similar to previous
histomorphometric evaluations of other DMLS implants
placed in both sheep and humans [25, 26]. Early bone
formation is evident by the presence of osteoblasts con-
nected to the newly formed bone (Figure 4(e)). ,e ob-
servation of bone debris for the control implant at 3 weeks
and predominant osteoclast activity at 12 weeks compared to
the SIT implant suggests a potential diRerence in the rate of
bone formation and remodeling between the implants. Bone
debris in the peri-implant space at early healing time points
has been observed previously with threaded implants [26,
27] and may lead to delayed bone formation compared to
implants devoid of threads [28]. Histological analysis in-
dicates that the SIT implant shows comparable osseo-
conduction to conventional implants after 12 weeks, marked
by complete bone encasement and active remodeling.

,e nondestructive basis of micro-CT has been dem-
onstrated as a useful tool for visualizing the entire implant
and bone volume in two and three dimensions. Contrast
gradients enable diRerentiation of new bone from old bone
and identi�cation of active remodeling sites, as well as sites
lacking bone and osseointegration. ,ese micro-CT results
indicate that the implants were only anchored in the cortical
bone, despite the usually large amount of the trabecular bone
present in the metaphysis of rabbits where implants were
placed, indicating a potential misplacement. ,us, this study
is limited to the evaluation of cortical bone only. A fairly
small amount of bone growth was conducted from the
cortical bone crest down the implant length for the control
implant compared to a slightly larger amount on the SIT
implant that was even clearly visible between the implant
stems at 3 weeks. Ideally, placement in the trabecular bone
would maintain bone trabeculae between the stems for
added stability. ,e reason for the observed diRerence in
bone growth is somewhat unclear due to the potential in-
terplay between diRerences in both the osteoconductivity of
titanium and steel and the radial bone growth required for
the control implants due to the threaded design. By three
weeks, the majority of the bone volume, which was to en-
capsulate the implants, had been deposited and was
remodeled into more mature dense bone, but not a greater
quantity, by 12 weeks.

While micro-CT is ideal for a general overview of bone
growth, it lacks the resolution necessary to visualize sub-
micron features at the bone-implant contact. ,e greater
extent of bone growth from the cortical region down the
implant surfaces for the SIT implant was con�rmed by
SEM. ,e SIT implant conducted bone growth along its
length and within the stems (Figure 8). ,e control implant
initiated a limited amount of new bone formation, and large
cracks were present within the cortical bone, perhaps caused
by overtorquing during implant placement. Very tight in-
tegration, with no separation, was seen around the SIT
implant, as the bone had grown into the micropores of
the implant surface, which is an indicator of biocompati-
bility. Comparison of the bone-implant contact across
studies remains challenging because of a lack of standard-
ized methodologies employed to model bone growth and
measure the bone-implant contact (BIC). Animal model
selection, bone type, surgical procedure, heal time, sample
preparation methodology, and selected implant length for
BIC measurements varies across studies, all of which can
inOuence the BIC [16, 26, 29, 30]. Nevertheless, previously
reported BIC measurements of machined and analogous 3D
printed implants after 2 weeks were 20% for both implant
types [26]. In this study, we instead looked at the conduction
of bone growth down the implant surface, since it was placed
primarily in the cortical bone, and found as expected that the
titanium SIT implant was a better conductor of bone growth
at both early and late time points.

Due to bone-implant interface separation caused by FIB
sample preparation, the exact integration between the bone
and the SIT implant could not be analyzed; however, the
maturity of the bone surrounding the implant could be
evaluated to demonstrate the success of bone growth at the
implantation site. TEM imaging of the lift-outs revealed
diRerences in the orientation of the collagen �brils and the
presence of mineral clusters after 3 and 12 weeks. ,is
suggests that the mechanism of distant osteogenesis is oc-
curring during healing after the insertion of the implants. In
distant osteogenesis, mature bone acts as a substrate for
osteogenic cells to form a matrix that gradually encroaches
upon the implant surface [31].

,is pilot study was limited to an investigation of the
structural and biochemical interaction of the implant device
in vivo via advanced imaging modalities. To further validate
these results, future work should focus on determining the
mechanical integrity of the bone-implant interface. Me-
chanical testing of the implanted devices would also be
bene�cial to improving the understanding of the overall
system and the potential advantages to using additive
manufacturing as a production method for dental implants.
,is could potentially be completed in vivo through
methods such as resonance frequency analysis to determine
implant stability [32] and via pullout tests to con�rm ad-
equate mechanical strength [33]. Complementary in-
formation from in vitro testing, such as investigating cell
viability [34], may provide additional insight into the bio-
compatibility of the device. Other works reporting 3D
printed implant devices have shown promising cell viability
and biocompatibility [35–37].
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5. Conclusions

Additive manufacturing provides a means for innovative
dental implant designs with inherent surface features which
facilitate bone integration. Initial observation of a dual-
stemmed 3D printed dental implant has shown successful
bone growth and bone-implant contact similar to conven-
tional and other 3D printed implants up to 12 weeks of
healing in rabbits. In some cases, new bone formation was
noted in between the stems of the device, although the stems
were not within a trabecular bone region. Conventional
implants showed mechanical interlocking but did have in-
dications of stress cracking and bone debris. ,is pilot study
demonstrates that this 3D printed implant design is bio-
compatible, as it allows for successful osseointegration in
rabbits up to 12 weeks, and supports additional studies to
obtain more statistical validation, including mechanical
testing.
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Purpose. To investigate the 10-year survival and complication rates of Morse taper connection implants (MTCIs) placed in grafted
sinuses. Methods. This study reports on patients treated with maxillary sinus augmentation (with the lateral window technique
(LWT) or the transalveolar osteotomy technique (TOT)) and installed with MTCIs supporting fixed restorations (single crowns
(SCs) and fixed partial dentures (FPDs)), in two dental clinics. The outcomes of the study were the 10-year implant survival and
complication rates.Results. Sixty-five patients (30males and 35 females) with amean age of 62.7 (±10.2) years were installed with 142
MTCIs: 79 fixtures were inserted with the LWT and 63 were placed with the TOT. After ten years, five implants failed, for an overall
survival rate of 96.5%. Three implants failed in the LWT group, for a survival rate of 96.3%; two implants failed in the TOT group,
for a survival rate of 96.9%. The 10-year incidence of biologic complications was 11.9%. Prosthetic complications were all technical
in nature and amounted to 7.6%. Conclusions. MTCIs seem to represent a successful procedure for the prosthetic restoration of the
grafted posterior maxilla, in the long term. This study was registered in the ISRCTN registry with number ISRCTN30772506.

1. Introduction

In the posteriormaxilla, sinus pneumatisationwith ageing [1]
and postextraction alveolar crest resorption [2] can severely
affect the amount of bone volume, jeopardizing a successful
osseointegration, unless a reconstructive osseous surgery is
performed to sustain a functional and aesthetic implant-
supported restoration [3].

Currently, bone volume increase in the posterior maxilla
is mainly obtained bymaxillary sinus floor augmentation [4–
6]. This surgical procedure was found to be reliable and it
can be performed according to two major techniques: the
lateral window approach [7], which is still the most common
method, and the transalveolar osteotomy technique [8, 9].

Many variables should be taken into consideration by the
clinician before choosing the surgical technique, such as the
residual bone quantity [9], the type of grafting material [10–
12], the use of barrier membranes [13], the implant insertion
timing in relation to grafting (one- or two-stage approach)
[14, 15], and the type of implants to be placed. The one-stage
approach consists of simultaneous implant placement into
the augmented sinus graft [14], while the two-stage method
involves implant insertion secondary to reconsolidation of
the bone graft [15].

Morse taper connection implants (MTCIs) represent a
valid treatment option for restoring partially and completely
edentulous patients, as demonstrated by several long-term
follow-up studies [16–19].

Hindawi
International Journal of Dentistry
Volume 2017, Article ID 4573037, 9 pages
https://doi.org/10.1155/2017/4573037

http://www.isrctn.com/ISRCTN30772506?q=$\protect \unhbox \voidb@x \hbox {&}$filters=conditionCategory:Oral${%}$20Health,ageRange:Adult,trialStatus:Completed$\protect \unhbox \voidb@x \hbox {&}$sort=$\protect \unhbox \voidb@x \hbox {&}$offset=2$\protect \unhbox \voidb@x \hbox {&}$totalResults=124$\protect \unhbox \voidb@x \hbox {&}$page=1$\protect \unhbox \voidb@x \hbox {&}$pageSize=10$\protect \unhbox \voidb@x \hbox {&}$searchType=basic-search
https://doi.org/10.1155/2017/4573037


2 International Journal of Dentistry

In MTCIs, the implant-abutment connection relies on
the “cold welding” achieved through frictional resistance
between the surfaces of the abutment and the implant [18, 20].
If the taper angle is less than 2∘, the connection is called “self-
locking” [17, 20].

Although several studies have confirmed that the use of
MTCIs yields excellent survival and success rates [16–19, 21–
23], there are currently no clinical studies on the long-term
outcomes of MTCIs placed in the grafted sinuses.

In light of the above, the purpose of this retrospective
clinical study was to investigate the 10-year survival and
complication rates of MTCIs placed in grafted sinuses via
the lateral window technique or the transalveolar osteotomy
technique.

2. Materials and Methods

2.1. Patient Population. We conducted a retrospective clinical
study on patients that have been treated with maxillary sinus
augmentation (with the lateral window or the transalveolar
osteotomy technique) and with fixed prosthetic restorations
(SCs and FPDs) supported by MTCIs, in the period from
January 2003 to August 2006, in two private dental clinics
(located inGravedona, Como, Italy, and in Padua, Italy, resp.).

Patients selected for the present study were identified
through the records of two dental clinics; these records inclu-
ded all information about each enrolled patient (patient-
related information: systemic health, age at surgery, gender,
smoking habit, and oral hygiene) and each implant-sup-
ported restoration placed (implant-related information: posi-
tion, premolar or molar; length and diameter; restoration-
related information: type of prosthesis, SC or FPD; date of
deliveries). The customized records included all information
about any implant failure and/or biological/prosthetic com-
plication that occurred during the 10-year follow-up.

Patients were excluded from the present retrospec-
tive study in case of (1) systemic diseases or ongoing
treatments/conditions that may contraindicate interven-
tion (uncontrolled diabetes, immunocompromised states,
chemo/radiotherapy of the head/neck region, treatment with
amino-bisphosphonates, psychiatric disorders, and abuse of
drugs/alcohol); (2) oral diseases (nontreated periodontal
disease and active/chronic/persistent sinus infections); (3)
nonacceptance or inability to attend the 10-year follow-
up clinical/radiographic examination for different reasons
(death, hospitalization, and transferring to another country
or city).

All of the enrolled patients were requested to return
to the dental clinic and to attend a 10-year control follow-
up clinical/radiographic examination. Patients who did not
accept to attend the 10-year follow-up control, as well as
patients who could not attend it, were excluded from the
present study. All included patients read and signed a writ-
ten consent form for inclusion in this retrospective study.
Approval of the Ethics Committee at University of Insubria
was obtained for this study; the Helsinki Declaration of 1975,
as revised in 2008, was followed. In addition, the study was
registered in the publicly available ISRCTN clinical studies

registry, a trial registry recognized by theWHO,with number
ISRCTN30772506.

2.2. Implant Design and Surface Characterization. The
implants used were screw-shaped and made of grade-5
titanium alloy (Leone Implants�, Florence, Italy). Their
surfaces were blasted with 350 𝜇m Al3O2 particles and acid-
etched with HNO3, producing a 𝑅𝑎 value (the peak-valley
distance of surface irregularities) of 2.5 𝜇m [24] (Figure 1).
The implant-abutment connection is based on a Morse taper
with an angle of 1.5∘ combined with an internal hexagon
[16–19, 21] (Figure 2).

2.3. Preoperative Work-Up. Each patient underwent a pri-
mary investigation within a complete medical examination
of the hard and soft oral tissues and panoramic radiographs.
Where needed, computed tomography (CT) scans were
requested, in selected patients. CT datasets were acquired
and then converted into DICOM format. DICOM files were
used to obtain a three-dimensional reconstruction of the jaws
in implant navigation software, which showed the anatomic
tissues including residual bone volume, thickness/density of
the cortical and cancellous bone, ridge angulations, and also
possible sinus pathology. Each implant site was carefully
assessed. An accurate evaluation of the edentulous ridges
using casts and diagnostic wax-up were included in the
preoperative workups.

2.4. Surgery. Patients were instructed to rinse with 0.2%
chlorhexidine mouthwash (Chlorhexidine�; OralB, Boston,
MA) for 1 minute twice daily, two days before surgery,
and also for 1 minute prior to the surgery. All patients
received prophylactic antibiotic therapy of 2 g of amoxicillin
+ clavulanic acid 1 hour before the surgery. After surgery,
they continued taking antibiotics twice daily for 6 days.
All patients were treated under local anaesthesia using 4%
articaine with adrenaline 1 : 100000.

When the lateral window technique (LWT) was used,
the surgeon proceeded as follows. In order to expose the
maxillary sinus lateral side, a horizontal crestal incision and
two vertical incisions were performed in the buccal mucosa,
in order to raise a mucoperiosteal flap. Using piezosurgery
equipment under continuous saline irrigation, it was possible
to outline a bone window approximately 1.5 × 1.5 cm in size.
The sinus mucosa was separated from the bony surface of the
sinus floor with an elevator and the bony window fragment
removed. Great effort was made to prevent disruption of
the Schneiderian membrane; when this occurred, a collagen
barrier was used to contain the graft. After the elevation of
the Schneiderian membrane was completed, the gap created
between the maxillary alveolar process and the new sinus
floor was filled with coral-derived porous hydroxyapatite
(Biocoral�, Biocoral Inc., Saint Gonnery, France) blocks.
These blocks were shaped and modelled by the surgeon, who
also used porous hydroxyapatite granules to completely fill in
the spaces between the porous material blocks and residual
bone crest. The granules were interspersed with tetracycline
powder to obtain a local antibiotic effect and moistened with

http://www.isrctn.com/ISRCTN30772506?q=&filters=conditionCategory:Oral%20Health,ageRange:Adult,trialStatus:Completed&sort=&offset=2&totalResults=124&page=1&pageSize=10&searchType=basic-search
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Figure 1: The sandblasted-acid-etched surface of the implants used in this study, at different magnification: (a) ×100; (b) ×200; (c) ×500;
(d) ×1000. Implant surface was treated with a sandblasting process producing an average roughness 𝑅𝑎 of 2.5 𝜇m: fixtures were blasted with
alumina particles. Sandblasting was followed by a decontamination treatment series, including a passivation process with nitric acid.

Figure 2:The implants used in this study featured a coneMorse taper interference-fit (TIF) locking-taper, with a taper angle of 1.5∘, combined
with an internal hexagon.

physiological saline solution so that this mixture could be
easily moulded to fit the gaps. The sinus window was then
sealed with the bony window fragment, covered by a collagen
membrane and the mucosa sutured with non-absorbable
sutures.When using a two-stage approach, the healing period
for grafted sinuses was 6 months before implant placement.
Conversely, in the one-stage approach, simultaneous implant
insertion was performed. Implant placement was performed

as follows. Spiral drills of increasing diameter were used
under constant irrigation, to prepare the implant site. All
implants were placed at the bone crest level.

When the transalveolar osteotomy technique (TOT) was
used, the surgeons proceeded as follows. A horizontal crestal
incision with minimal lateral releases was performed to
expose all implant sites. A mucoperiosteal flap was elevated.
The preparation of the site was performed with a speed
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reducing gear handpiece under copious saline irrigation.
Using the aforementioned drill sequence, the palatal osseous
lid was removed and the Schneiderian membrane was metic-
ulously lifted by means of the sequential use of osteotomes
and a metal mallet. After the elevation was completed, the
sinus cavity was grafted with coral-derived hydroxyapatite
granules, mixed with tetracycline powder. The material was
packed into the cavity and the implant was placed. The
fixture was tightly screwed by means of a hand ratchet
until it came into alignment with the crest of alveolar bone.
Excessive graft material particles were removed and the flap
was repositioned. Primary interrupted tension-free wound
closure was accomplished with nonabsorbable sutures. With
the transalveolar osteotomy technique, the implants were
submerged for aminimumhealing period of 3months before
beginning the prosthetic phases.

2.5. Healing Period, Second-Stage Surgery, and Prosthetic
Restoration. Postoperative pain was controlled in all patients
with 100mg nimesulide intake every 12 hours for 2 days
and detailed oral hygiene instructions were given, including
mouth rinses with 0.2% chlorhexidine for 7 days. Sutures
were removed around 8–10 days after the surgery.

The submerged healing period lasted around 3–9 months
(lateral window technique, two-stage approach = 6 + 3
months; lateral window technique, one-stage approach =
3 months; transalveolar osteotomy technique = 3 months).
A second surgery was performed to accede to the healed
implants and to place the healing abutments. After twoweeks,
impressions were taken and, one week later, the provisional
restorations were provided. The provisional restorations
remained in situ for 3 months, before placing definitive
restorations. All definitive restorations (SCs and FPDs) were
ceramometallic and cemented with a temporary oxide-
eugenol cement.

2.6. Implant Survival and Complications. Implants were clas-
sified as “surviving” when still functioning at the final follow-
up.

Conversely, all implants that were lost and/or had to
be removed (for implant mobility due to absence and/or
loss of osseointegration in absence of infection, for recur-
rent/persistent peri-implantitis, and for implant body frac-
ture) were considered as “failed.”

In addition, all biologic and prosthetic complications reg-
istered during the entire follow-up period were considered.
Among the biologic complications, loss of the graft, sinus
infection, peri-implant mucositis, and peri-implantitis were
considered [25]. Among the prosthetic complications, all
mechanical complications (i.e., complications affecting the
prefabricated implant components at the implant-abutment
interface such as abutment loosening and abutment fracture)
and all technical complications (i.e., complications affecting
the superstructures made by the dental technician, such as
loss of retention, ceramic chipping/fracture, and fracture of
the metallic framework of restoration) were considered [26].

All data were carefully analysed in a statistical soft-
ware package. Means and standard deviations, ranges,

Table 1: Patient distribution.

Number of patients (%) ∗𝑝

Gender
Males 30 (46.2%) 0.535
Females 35 (53.8%)
Age at surgery
20–39 years 2 (3.1%)

<0.000140–59 years 21 (32.3%)
60–79 years 42 (64.6%)
Smoking habit
Yes 15 (23.1%)

<0.0001
No 50 (76.9%)
Oral hygiene
Satisfactory 35 (53.8%) 0.535
Not satisfactory 30 (46.2%)
Total 65 (100%) —
∗𝑝 = Chi-square test.

and confidence intervals were calculated for the available
quantitative variables (patients’ age). Absolute and relative
frequency distributions were calculated for all the available
qualitative variables. The distribution of the patients (by
gender, age at surgery, smoking, and oral hygiene habits)
and the distribution of the implants (by sinus augmentation
technique, position, length and diameter, and type of sup-
ported restoration) were investigated, and a Chi-square test
(with level of significance set at 0.05) was used to calculate
the differences in distribution between the groups. Finally,
implant survival and complications were calculated using the
implant as a statistical unit.

3. Results

3.1. Patients Enrolled and Implants Placed. Sixty-five patients
were enrolled in this study: 30 males (30/65: 46.2%) and 35
females (35/65: 53.8%) with an average age of 62.7±10.2 years
(median 66, range 38–79, 95% CI: 60.3–65.1). Most of the
enrolled patients (42/65 patients, 64.6%) were between the
ages of 60 and 79at surgery, whereas 21 (21/65, 32.3%) were
between the ages 40 and 59 and only two patients (2/65: 3.1%)
were between the ages of 20 and 39 years. Fifteen patients
(15/65: 23.1%) were smokers. Among all patients, 35 (35/65:
53.8%) had satisfactory oral hygiene with low plaque score
levels and 30 patients (30/65: 46.2%) had unsatisfactory oral
hygiene levels. The distribution of the patients by gender, age
at surgery, smoking habit, and oral hygiene is reported in
Table 1.

As twelve patients required bilateral maxillary sinus
augmentation, the number of sinus augmentation proce-
dures amounted to 77. Forty-five of these procedures were
performed with the lateral window technique and 32 were
performed with the transalveolar osteotomy technique.

In total, 142 implants were placed: 79 (79/142: 55.6%)
were inserted with the lateral window technique and 63
(63/142: 44.4%) were placed with the transalveolar osteotomy
technique. With regard to the distribution of the implants,
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Figure 3: Two implants (#15 and #16) inserted with the transalveolar osteotomy technique: (a) preoperative rx; (b) radiographic control at the
delivery of final restorations; (c) radiographic control 1 year after implant placement; (d) radiographic control 5 years after implant placement;
(e) radiographic control 10 years after implant placement.

(a) (b) (c) (d) (e)

Figure 4: Two implants (#25 and #26) inserted with the transalveolar osteotomy technique: (a) preoperative rx; (b) the implants placed after
the sinus elevation with the Summers technique; (c) radiographic control 1 year after implant placement; (d) radiographic control 5 years
after implant placement; (e) radiographic control 10 years after implant placement.

55 (55/142: 38.7%) were premolars and 87 (87/142: 61.3%)
were molars; the most frequent length was 10mm (49/142
fixtures, 34.5%), followed by 8mm (35/142 implants, 24.7%),
12mm (32/142 implants, 22.5%), and 14mm (26/142 implants,
18.3%). The most frequently used diameter was 4.1mm
(75/142 fixtures, 52.8%), followed by 4.8mm (43/142 fixtures,
30.3%) and 3.3mm (24/142 fixtures: 16.9%). Finally, with
regard to the prosthetic restoration, as 44 fixtures were used
to support SCs, and 98 fixtures were used to support FPDs,
the final prosthetic restorations amounted to 44 SCs and 47
FPDs (43 FPDs were supported by two implants and 4 FPDs
were supported by three implants, resp.). The distribution of
the fixtures by surgical technique, position, length, diameter,
and type of supported restoration is reported in Table 2.

3.2. Implant Survival and Complications. At the end of the
study, 10 years after implant placement, only five implants
failed (5/142), for an overall survival rate of 96.5% (Figures
3–5). Three implants failed in the lateral window group
(3/79), for a survival rate of 96.3%. Two implants failed in the
transalveolar osteotomy group (2/63), for a survival rate of
96.9%. Three of the failed implants were removed during the
second-stage surgery, because they showed clinical mobility
due to absence of osseointegration. These failures occurred
before the connection of the prosthetic abutment and were
therefore defined as “early” failures. Conversely, two implants
failed in the same patient due to recurrent peri-implant
infection and were removed due to massive bone loss 6 years
after placement. All information regarding the failed implants
is summarized in Table 3.

With regard to biologic complications, one patient experi-
enced infection and loss of the graft after sinus augmentation
with the lateral window technique, probably due to an
undetected perforation of the Schneiderian membrane. This

Table 2: Implant distribution.

Number of implants (%) ∗𝑝

Sinus augmentation technique
Lateral window technique 79 (55.6%) 0.179
Transalveolar osteotomy technique 63 (44.4%)
Position
Premolars 55 (38.7%) 0.007
Molars 87 (61.3%)
Length
8mm 35 (24.7%)

0.04510mm 49 (34.5%)
12mm 32 (22.5%)
14mm 26 (18.3%)
Diameter
3.3mm 24 (16.9%)

<0.00014.1mm 75 (52.8%)
4.8mm 43 (30.3%)
Restoration
SC 44 (31.0%)

<0.0001
FPD 98 (69.0%)
Total 142 (100%) —
∗𝑝 = Chi-square test.

sinus was surgically revisited and cleaned. This intervention
was followed by a prolonged systemic antibiotic treatment
and a healing period of 6 months and subsequent successful
augmentation. Conversely, no biologic complications were
found for the implants placed according to the transalveolar
osteotomy technique.

In addition, nine implants (9/142: 6.3%) suffered from
a reversible inflammation of the peri-implant soft tissues
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Figure 5: Three implants (#14, #15, and #16) inserted with the lateral window technique. (a) preoperative rx; (b) periapical rx after the sinus
augmentation procedure according to Tatum; (c) 6 months later the implants are inserted; (d) radiographic control at the delivery of the final
restoration; (e) radiographic control 5 years after implant placement; (f) radiographic control 10 years after implant placement.

Table 3: Failed implants.

Gender Age Smoke Hygiene Procedure Position Type Reason/timing

Male 46 No Poor LWT Premolar 4.1 × 10
Failure to

osseointegrate after
3 months

Male 66 Yes Good LWT Premolar 4.1 × 10
Failure to

osseointegrate after
3 months

Female 59 No Good LWT Molar 4.8 × 8
Failure to

osseointegrate after
3 months

Female 66 Yes Poor TOT Premolar 4.1 × 12 Peri-implantitis
after 6 years

Female 66 Yes Poor TOT Molar 4.8 × 10 Peri-implantitis
after 6 years

(peri-implant mucositis) with exudation and discomfort, but
without radiographic evidence of bone loss. Eight implants
(8/142: 5.6%) suffered from infection of the hard and soft tis-
sues (peri-implantitis) with associated peri-implant marginal
bone loss. Among these implants, however, only twowere lost
due to untreatable, recurrent peri-implantitis with advanced
bone loss; the other five implants were treated with profes-
sional oral hygiene and in these cases failure was avoided.
Overall, the 10-year incidence of biologic complications
affecting implants was 11.9%.

Finally, with regard to prosthetic complications, no
mechanical (i.e., at the implant-abutment interface) com-
plications were registered; however, seven restorations (4
SCs and 3 FPDs) experienced ceramic chipping/fractures,

which required intervention from the dental technician. The
prosthetic complications amounted to 7.6% (7/91 prosthetic
restorations).

4. Discussion

It has been broadly proven thatmaxillary sinus augmentation
is a highly successful and predictable method of obtaining
sufficient bone height for posterior maxillary implant place-
ment [3–6, 10].

In an interesting systematic review, which included stud-
ies with at least 3 years of follow-up, 18 articles for the
LWT (6,500 implants in 2,149 patients) and 7 for the TOT
(1,257 implants in 704 patients) were selected [5]. The overall
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implant survival was 93.7% and 97.2% for the LWT and the
TOT, respectively [5].

These outcomes were confirmed by more recent reviews
of the current literature [3, 4]. In fact, Duttenhoefer et
al. conducted a meta-analysis to study the influence of
various treatment modalities (surgical technique, timing of
implant placement, grafting materials, and use of mem-
branes) on the implant survival in the grafted maxillary
sinus [3]. This review included 122 publications on 16268
dental implants inserted in grafted sinuses [3]. At the end
of this work, no differences were found in the implant
survival with respect to each surgical approach, graft-
ing material and implant type. However, the application
of membranes showed a positive influence on the long-
term implant outcomes, independently of other cofactors
[3].

In this retrospective study, we have evaluated the 10-year
implant survival and complication rates of MTCIs placed in
grafted sinuses using two different surgical techniques (the
LWT or the TOT). In accordance with the aforementioned
literature, a satisfactorily high implant survival ratewas found
for both LWT (96.3%) and TOT (96.9%).

Different clinical studies have suggested that autogenous
bone is the best reconstructive material, because of its
osteogenic, osteoconductive, and osteoinductive properties
[27, 28].

However, in recent clinical studies, bone substitutes such
as allogeneic [29], xenogenic [11], and synthetic grafts [30, 31]
and composite materials [32] have also been successfully
employed in maxillary sinus augmentation.

Starch-Jensen et al. found that the 5-year implant
survival rate after sinus elevation with autogenous
bone graft or bovine bone mineral was 97% and 95%,
respectively [4], and the reduction in vertical height of
the augmented sinus with the two materials was the
same. In this review, similarly high survival rates were
found for implants, regardless of the grafting material
used [4]. High implant stability, high patient satisfaction,
and limited peri-implant marginal bone loss were found
[4].

In another review of the literature, Danesh-Sani et al.
confirmed that bone substitutes (allografts, xenografts, and
synthetic materials) were good alternatives to autogenous
bone, avoiding the disadvantages related to autografts (mor-
bidity rate and limited availability) [10].

Here, we used a coral-derived porous hydroxyapatite for
maxillary sinus augmentation. In accordance with a previous
report [30], the present study has noted excellent results with
the use of coralline calcium phosphates for grafting of the
maxillary sinus.

It must be pointed out that, recently, the role and
the importance of the grafting material has been partially
revisited [33]. In a review on clinical studies with a follow-
up period of 48 to 60 months, the implant survival rate
was 99.6% for surgeries conducted with graft material and
96% for surgeries performed without it [33]. These results
suggest that sinus lift can be a safe and predictable treatment
procedure with low complication rates, irrespective of the use
of biomaterials [33].

Recent studies have reported excellent survival and suc-
cess rates for sinus grafting and implant placement in both
one- and two-stage protocols [14, 15].

A noteworthy systematic review revealed that the place-
ment of implants in combination with sinus elevation is a
predictable procedure, showing high implant survival rates
with low incidence of complications [6].

Once again, our present study seems to be in accordance
with the current literature. In fact, excellent survival rates
were foundwith the LWT, with both staged and simultaneous
implant placement.

The choice of simultaneous implant placement and graft-
ing procedure is generally highly influenced by the residual
crestal bone height, which must be sufficient to provide ade-
quate primary implant stability [9]. A recent literature review
investigated the correlation between the amount of remaining
crestal alveolar bone before sinus augmentation and implant
survival. The findings indicated that a residual bone height
of less than 4mm may influence the survival/success rates
of fixtures placed in combination with sinus elevation using
osteotomes [9].

Comparable studies obtained findings that support a
positive influence of rough surfaces on osseous integration in
the posterior maxilla [34].

In a recent systematic review for implant survival in
maxillary sinus augmentation, implants with rough surfaces
displayed a higher survival rate (97.6%; 95% CI: 96.7–98.5%)
than implants with machined surfaces (89.4%; 95% CI:
83.0–95.8%), within no correlation or influence from the graft
type [35].

These results were also confirmed by a previous review of
the literature, inwhich dental implants placed in the posterior
augmented maxilla showed an average survival rate of 92.6%
[36].Theuse of rough-surfaced implants and particulate bone
resulted in an increased implant survival rate (94.5%) and the
use of a membrane to cover the graft increased the survival
rate to 98.6% [36].

In the present study, in accordance with the aforemen-
tioned research, the use of sandblasted MTCIs guaranteed
excellent implant survival and success rates. Moreover, only a
few biologic (11.9%) and prosthetic (7.6%) complications were
reported in our present long-term retrospective study.

All implants with screw type connections show a micro-
gap of variable dimensions (40–100𝜇m) at the interface
between the implant and the abutment [37]. Scientific evi-
dence suggests that bacterial leakage and colonization of
this microgap may be responsible for inflammatory cell
recruitment and activation at the corresponding bone level,
causing the development of marginal bone loss [37].

Provided that the absence of the microgaps is associated
with reduced inflammation and bone loss, an efficient seal
againstmicrobial penetrationmay be provided byMTCIs [20,
38]. Indeed, this screwless connection reduces the microgap
(1–3𝜇m) dimensions at the implant-abutment interface with
a tight closure against the fixture; thus it contributes to a
minimal level of peri-implant inflammation [20, 38].

In addition, no prosthetic complications were reported at
the implant-abutment interface in our present study. This is
similar to results from previous studies on MTCIs [16–20].
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The stability of the implant-abutment connection is key
for the long-term success of an implant-supported prosthetic
restoration [16–19]. In addition, it may contribute to a more
favourable load distribution into the bone [20, 39] and there-
fore to a reduction of the marginal bone loss around implants
in the long term.This hypothesis needs further investigation,
but, if correct, MTCIs may reduce micromovements at the
implant-abutment interface, preventing crestal bone loss [39].

Moreover, MTCIs inherently have “platform switching”
[40]. With platform switching, any potential microgap
between the implant and the abutment (which harbours
bacteria, responsible for toxin production) is displaced hor-
izontally and away from the bone, with the possibility of
reducing inflammation and of minimizing bone loss [40].
This aspect may further improve the long-term outcomes of
Morse taper connection implants, reducing the incidence of
biologic complications. In addition, a larger space exists for
the organization of thick soft tissues, that can further protect
the bone from resorption [40].

Our present study has limits. First, it is a retrospective
clinical study, and the retrospective design is not the best
way to investigate the long-term outcomes of dental implants
(in fact, a prospective study design would be preferable, but
the best solution to draw more specific conclusions about
a treatment procedure would certainly be a randomized
clinical trial). Second, our conclusions are based on a limited
number of patients. Further, long-term prospective clinical
studies (or even better, randomized clinical trials) on a larger
sample of patients are therefore needed, to confirm the
positive outcomes emerging from our present clinical study.

5. Conclusions

Within the limits of the present clinical study (retrospective
design and limited number of patients enrolled), it can be
stated that MTCIs represent a successful procedure for the
prosthetic restoration of the grafted posterior maxilla, with
both LWTandTOT, in the long term. In fact, a 10-year overall
implant survival rate of 96.5% was found. Three implants
failed in the lateral window group (3/79), for a survival rate of
96.3%, and two implants failed in the transalveolar osteotomy
group (2/63), for a survival rate of 96.9%. A low incidence of
biologic complications was reported in this study, in the long
term (11.9%). In addition, the high mechanical stability of
MTCIs likely contributed to the limited amount of prosthetic
complications observed in this study (7.6%).
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Purpose. To present a new intraoral welding technique, which can be used to manufacture screw-retained, mandibular fixed full-
arch prostheses. Methods. Over a 4-year period, all patients with complete mandibular edentulism or irreparably compromised
mandibular dentition, who will restore the masticatory function with a fixed mandibular prosthesis, were considered for inclusion
in this study. The “Ball Welding Bar” (BWB) technique is characterised by smooth prosthetic cylinders, interconnected by means
of titanium bars which are adjustable in terms of distance from ball terminals and are inserted in the rotating rings of the cylinders.
All the components are welded and self-posing. Results. Forty-two patients (18 males; 24 females; mean age 64.2± 6.7 years) were
enrolled and 210 fixtures were inserted to support 42 mandibular screw-retained, fixed full-arch prostheses. After two years of
loading, 2 fixtures were lost, for an implant survival rate of 97.7%. Five implants suffered from peri-implant mucositis and 3
implants for peri-implantitis. Three of the prostheses (3/42) required repair for fracture (7.1%): the prosthetic success was 92.9%.
Conclusions. The BWB technique seems to represent a reliable technique for the fabrication of screw-retained mandibular fixed
full-arch prostheses. This study was registered in the ISRCTN register with number ISRCTN71229338.

1. Introduction

In 1982, P. L.Mondani and P.M.Mondani published an article
in which they fully described the equipment and techniques
necessary for intraoral welding, a welding procedure for
intraoral implant abutments, developed to obtain an immedi-
ate fixed prosthesis without the need for complex and lengthy
laboratory procedures [1]. The method was essentially based
on the creation of an electric arc between two electrodes
under an argon gas flux [1]. Current scientific literature has
validated the use of intraoral welding techniques [2–6]. In
2002, Hruska et al. published a study reporting the results of
1301 immediately loaded implants, 436 of which were used
to support fixed partial dentures and full arches built over
intraorally welded frameworks [2]. In this paper, the authors
reported a rather low incidence of implant failures, with three
failed implants (0.7%), one due to fracturing and two due
to peri-implantitis [2]. The authors showed how, in cases of

extensive reconstruction, intraoral welding had the advan-
tage of simplifying prosthetic procedures and in particular
those involving highly disparallel abutments [2]. Intraorally
welded frameworks acted asmesiostructures and reduced the
incidence of fractures of the provisional prosthesis [2]. More
than 20 years after the publication of Mondani’s article [1],
Degidi et al. published a study on the immediate loading of
multiple implants using a preformed bar that was welded
intraorally to the implant abutments and that supported a
temporary, metal-reinforced bridge [3]. All 192 immediately
loaded implants survived, and no prosthetic complications
occurred at the level of the provisional prosthesis [3]. This
structure proved to be capable of withstanding load better
than a temporary restoration without reinforcement, as
demonstrated by finite element analysis [3]. In a later work by
the same authors [4], intraoral welding proved to be a reliable
technique for the rehabilitation of completely edentulous
mandibles. The process they described involved the delivery
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and immediate loading of a full arch prosthesis on the day of
surgery, using fixtures with butt-joints and conical implant-
abutment connections. Once again, in a further prospective
clinical work, Degidi et al. showed the rehabilitation of the
fully edentulous mandible by inserting 4 implants, splinted
to each other through the intraoral welding of a bar to their
titanium abutments [5]. The framework thus obtained was
used to support an immediately loaded definitive prosthesis
[5]. In brief, 22 patients treated with 88 implants were
followed for a total period of one year. At the end of the
period, only one implant was lost within amonth of insertion,
for an implant survival rate of 98.9% [5]. No fractures or
alterations occurred to the intraorallywelded framework, and
no fractures of the prosthetic acrylic resin superstructure
were recorded [5]. Finally, in 2013, Degidi et al. reported
the 6-year follow-up results of the welding technique for the
fabrication of immediately loaded maxillary and mandibular
fixed full arches [6]. All the patients in this study were
rehabilitated on the same day of surgery with a temporary,
immediately loaded prosthesis built on a titanium framework
obtained by the intraoral welding of a titanium bar to the
implant abutments [6]. In total, there were 124 implants
placed in the maxilla and 87 implants placed in the mandible;
the fixtures were controlled for up to 6 years after loading [6].
Mean peri-implant bone resorptionwasmeasured as 1.39mm
(±0.67) and 1.29mm (±0.71) for the maxilla and mandible,
respectively [6].Themost frequent complicationwas the frac-
ture of the resin superstructure. Overall, the intraoral welding
technique proved to be effective and reliable in allowing the
fabrication of immediately loaded prostheses in edentulous
patients [6]. Some possible variations to the classic technique
of intraoral welding have been presented in recent scientific
literature [7–10]. In the most commonly used methods, the
diameter of the bar (generally made of titanium grade 2) is
chosen based on the distance between the implants, the extent
of the arch, and the available prosthetic volumes. The bar is
then shaped to be adherent to the titanium cylinders placed
on the abutments and is then welded to them [2–6, 8, 10].
The purpose of our present work is therefore to present a new
variant of the intraoral welding technique, which can be used
to manufacture full arch screw-retained rehabilitations of the
edentulous mandible, under an immediate loading protocol.
This innovative type of prosthetic rehabilitation, which the
authors refer to as the “BallWelding Bar” (BWB) technique, is
characterised by smooth prosthetic cylinders, interconnected
by means of titanium bars (grade 4) which are adjustable in
terms of distance from ball terminals and are inserted in the
rotating rings of the cylinders. All the components are welded
and self-posing and do not cause arcing or tension.This paper
reports on a study tracking the results obtained two years after
immediate loading of a full arch, screw-retained mandibular
prosthesis (Toronto bridges) that was screwed onto the new
intraorally welded Ball Welding Bars.

2. Materials and Methods

2.1. Patient Sample. In the period between January 2010 and
December 2013, all patientswhowere referred to twodifferent
private dental centres (the private dental clinics of Professor

Andrea Guida and Dr. Danilo Bacchiocchi) for rehabilitation
using oral implants were considered for inclusion in this
prospective clinical study. Patients considered for inclusion
were those with

(1) complete mandibular edentulism, with functional
and aesthetic problems related to the presence of a
complete, removable conventional denture (i.e., lack
of stability of the complete denture, discomfort during
function, and aesthetic embarrassment),

(2) irreparably compromised mandibular dentition, due
to advanced periodontal disease or destructive/mas-
sive tooth decay that made the residual dental ele-
ments unrestorable,

(3) sufficient bone volume (bone height ×width) to allow
for the placement of implants of at least 8mm in
length and 3.0mm in diameter,

(4) will to restore the masticatory function with a fixed
mandibular prosthesis supported by dental implants,

(5) the ability to understand and sign an informed con-
sent form for implant treatment.

Patients excluded from the study were those

(1) with general medical conditions/systemic diseases
that represented an absolute contraindication to sur-
gical and implant treatment, such as severely immun-
ocompromised patients or severely uncompensated
diabetics, patients receiving radiotherapy to the head
and neck area or chemotherapy, and patients receiv-
ing amino-bisphosphonates intravenously and/or
orally,

(2) with psychiatric disorders,

(3) addicted to alcohol or drugs,

(4) who needed bone augmentation procedures with
autogenous bone or other bone substitutes, to allow
for proper implant insertion,

(5) who had previously undergone major regenerative
bone surgery, preliminary to the placement of dental
implants. Inclusion and exclusion criteria for the
present study were also summarized in Table 1.

Cigarette smoking was not an exclusion criterion for enroll-
ment in this study; nevertheless, patients that smoke were
informed of the fact that cigarette smoking is a risk factor for
the success of implant treatments [11]. All patients received
detailed information about the planned therapy, the related
risks, and possible alternatives. Patients were enrolled only
after signing an informed consent form for implant treat-
ment. Finally, the present clinical work was carried out in
compliance with the principles set out in the Helsinki Dec-
laration on Human Experimentation of 2000 (revised 2008).
The present clinical study was registered in the ISRCTN,
a publicly available register for clinical trials recognized by
WHO and ICMJE, with number ISRCTN71229338.

https://www.isrctn.com/ISRCTN71229338?q=71229338&filters=&sort=&offset=1&totalResults=1&page=1&pageSize=10&searchType=basic-search
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Table 1: Inclusion and exclusion criteria for enrollment of patients in the study.

Inclusion criteria Exclusion criteria

(1) Complete mandibular edentulism, with functional
and aesthetic problems related to the presence of a
complete, removable conventional denture.

(1) Severely immunocompromised status, severely
uncompensated diabetes, radiotherapy of head and
neck area, chemotherapy, and treatment with
intravenous and/or intraoral amino-bisphosphonates.

(2) Irreparably compromised mandibular dentition,
due to advanced periodontal disease or
destructive/massive tooth decay that made the residual
dental elements unrestorable.

(2) Psychiatric disorders.

(3) Sufficient bone volume to allow for the placement of
implants of at least 8mm in length and 3.0mm in
diameter.

(3) Alcohol and/or drugs addition.

(4) Will to restore the masticatory function with a fixed
mandibular prosthesis supported by dental implants.

(4) Need for bone augmentation procedures with
autogenous bone or other bone substitutes, to allow for
proper implant insertion.

(5) Ability to understand and sign an informed consent
form for implant treatment. (5) Previous interventions of regenerative bone surgery.

Figure 1:TheBWB (BallWelding Bar) consists of smooth prosthetic
cylinders, interconnected by means of titanium bars (grade 4)
adjustable in distance with ball terminals, which are inserted
in the rotating rings of the cylinders. All the components are
welded and self-posing, without arcing nor tensions. This BWB has
been patented by the authors (patent number AN2014A000111 and
variants).

2.2. The Ball Welding Bar (BWB) Concept. The BWB (Ball
Welding Bar) consists of smooth prosthetic cylinders, inter-
connected by means of titanium bars (grade 4) which are
adjustable in terms of distance from ball terminals and
are inserted in the rotating rings of the cylinders. All the
components are welded and self-posing and do not cause
arcing or tension (Figure 1). This prosthetic device has been
patented by the authors (patent number AN2014A000111 and
variants).

2.3. The Implants Used inThis Study. The fixtures used in the
present work (BT Safe Bone Level�; Biotec BTK, Povolaro
di Dueville, Vicenza, Italy) were made of titanium grade 4
(ASTM F67dISO 5832-2). These were tapered implants with
double lead threads (Figure 2) and a hexagonal conical
connection (11∘) and integrated platform switching [12]. The

dual acid etched (DAE) surface of these implants was the
result of treatment with a mixture of strong inorganic acids
(H2SO4, H3PO4, HCl, and HF) [13]. The implants were then
rinsed and washed with distilled water, to neutralize acid
residuals. Finally, implants were taken to a cleaning room
(ISO 7 class) to be decontaminated through a plasma spray
decontamination process, in an argon atmosphere.

The DAE implant surface (Figure 3) had the following
roughness parameters:

(i) Ra (arithmetic mean of the absolute height of all
points) = 1.12 (60.41)𝜇m,

(ii) Rq (square root of the sum of the squared mean
difference of all points) = 1.34 (60.69)𝜇m,

(iii) Rt (difference between the highest and the lowest
points) = 3.86 (61.40) 𝜇m [13].

2.4. Surgical and Prosthetic Phases. A preliminary clinical
and radiographic evaluation with panoramic radiographs
(Figure 4) preceded the surgery. Where needed, a cone beam
computed tomography (CBCT) scan (I-Max Touch 3D�,
Owandy Radiology, Oxford, CT, USA) was performed, in
order to collect all anatomical information for optimal
surgical and prosthetic planning. The digital imaging and
communication in medicine (DICOM) files from CBCT
were imported into three-dimensional (3D) reconstruction
software, where the surgical and prosthetic planning was
performed, and the feasibility of the protocol was investi-
gated.The present protocol involved the fabrication of screw-
retained, complete mandibular dentures (Toronto bridge)
supported by 5 dental implants. Two implants had to be
inserted in the molar areas (3.6 and 4.6, resp.), two in the
first premolar areas (3.4 and 4.4, resp.), and the last one
in midline or otherwise in the incisal areas (3.1 or 4.1).
The prosthesis had to be immediately loaded, supported by
multiunit abutments (MUA) splinted together with a Ball
Welding Bar (BWB). Prior to surgery, a complete lower
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(a) (b) (c)

Figure 2: Drawing of the tapered, double lead threads implant used in this study. (a) Apical threads, deeper and cutting, favour insertion,
and initial stability, whereas squared coronal thread enhances bone condensation. (b) Back-tapered collar provides excellent cortical bone
management, improving soft tissue support. (c) Octagonal conical connection (2mm in depth with 8∘ cone) that guarantees an excellent seal,
reducing the risk of micromovements between the implant and the abutment.

(a) (b) (c)

Figure 3: Scanning electron microscopy (SEM) evaluation of the dual acid etched (DAE) implant surface. The surface (a) presented micron-
sized shallow cavities uniformly covered by submicroscopic pitting (b) limited by razor-sharp cusps and edges (c).

Figure 4: Preoperative situation. A 52-year female patient in good
general health had a complete removable denture in the maxilla and
a severe acute periodontitis in the mandible, with several teeth with
reduced bone support and therefore highmobility.The patient asked
for a full arch implant supported rehabilitation of the mandible,
possibly involving an immediate loading protocol.

denture was fabricated in the dental laboratory, from com-
posite resin with a transparent vacuum-formed template
(Figure 5). In order to achieve this, impressions were taken

Figure 5: Prior to surgery, a complete lower denture was fabricated
in the dental laboratory, made in composite resin with a transparent
vacuum-formed template.

and casts were developed andmounted in an articulator, with
bite-in wax for definition of the proper occlusion and the
selection of the colour and the shape of the teeth. This lower
denture was then hollowed in order to be able to accom-
modate the intraorally welded titanium framework. Flanges
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Figure 6: The lower denture was emptied internally, in order to
subsequentially accommodate inside the future intraorally welded
titanium framework.The flanges and the supports in the retromolar
areas were preserved, in order to facilitate the positioning in the
postwelding phase.

and supports were kept on the retromolar areas to facilitate
positioning in the postwelding phase (Figure 6). Surgery
commenced after infiltration of local anaesthesia. A full-
thickness flap was raised after a crestal incision was per-
formed, and two releasing vertical incisions were made. In
the case of partially edentulous patients, the nonrestorable
teeth affected by severe periodontal disease or decay were
then removed, taking care not to damage the socket walls.
This was followed by the preparation of the implant sites and
the deepening of the apex of the socket (3-4mm). In the case
of fully edentulous patients with completely healed ridges, the
preparation of the implant sites was performed in accordance
with manufacturer recommendations, taking into account
the clinical situation.The implants were then inserted in both
extraction sockets and healed sites (the final insertion torque
of the fixtures had to be ideally > 55N/cm). The prosthetic
phase started immediately with the placement of multiunit
abutments (MUA) with a transmucosal height of 3mm over
the implants. The aforementioned MUA were screwed gently
with a torque of 30N/cm. In all immediate postextraction
implants, the remaining gaps between the implant and the
walls of the socket were filled and packed with a resorbable 𝛽-
tricalcium phosphate [14] regenerative material (OXOFIX�,
Biotec BTK, Povolaro di Dueville, Vicenza, Italy BTK, Italy).
Finally, sutures were made. The prosthetic procedure went
as follows. The prosthetic titanium cylinders provided by
systematic BWB were first screwed in. Over these cylinders,
the adjustable rings and rotating balls were adjusted both
horizontally and vertically, taking care to remain well above
the crest, and not to occupy extracrestal spaces (Figure 7).The
self-locating bar was welded into the mouth, then removed,
and finished; after blasting, it was covered with a white
opaque light curing composite resin and repositioned onto
the MUA abutments (Figure 8). The vacuum-formed tem-
plate was placed over the bar to control the occlusal fairness
and to verify the previously measured vertical dimensions
(Figure 9(a)). Holes were made on the prosthesis using the
vacuum-formed templatewhichwas already perforated in the
direction of the cylinders (Figure 9(b)) in order to give access
to the cylinders themselves after relining with composite

Figure 7: The prosthetic cylinders in titanium were screwed: over
these cylinders, the adjustable rings and the rotating spheres were
adapted both horizontally and vertically, paying attention to remain
well above the bone crest.

Figure 8: After the intraoral welding, the self-locating bar was
removed from the mouth and finished, blasted, and then covered
with a white opaque composite resin. The bar was subsequently
repositioned onto the MUA abutments.

resin flow (Figure 9(c)). Adhesive (Universal Futura B�, Voco,
Cuxhaven, Germany) was positioned within the prosthesis
and light cured, and the prosthesis was filledwith a composite
dual fluid (Rebilda, Voco, Cuxhave,Germany) and positioned
above the bar. The prosthesis was self-centring, because it
had all the support on the retromolar areas and the vestibules
like a conventional full denture; therefore it found its natural
position and occlusal vertical dimension without any error
or unwanted movement (Figure 10(a)). When the dual com-
posite resin was completely polymerized, the prosthesis was
removed and sent to the laboratory, which after a few hours
finished and returned it. The prosthesis was then delivered
to the patient in less than 6 hours (Figures 10(b), 10(c), and
10(d)). The occlusion was carefully checked because it had to
be perfectly balanced, and the holes were closed again with
Teflon cylinders soaked in chlorhexidine 5% and a flowable
light-cured composite.The patients received detailed instruc-
tions about oral hygiene and home care procedures and were
enrolled in a series of scheduled follow-up controls, every 4
months, for professional oral hygiene sessions and clinical
monitoring of their rehabilitation.

2.5. Outcome Variables and Statistical Evaluation. The main
outcome variables for the present study were implant survival
and the prosthetic success. With regard to implant survival,
an implant was classified as “surviving” if it functioned
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(a) (b)

(c)

Figure 9:The vacuum-formed template was placed over the bar to control the occlusal fairness and to verify the previously measured vertical
dimension (a). Holes were made on the prosthesis, using the vacuum-formed template already perforated in the direction of the cylinders, in
order to access to the cylinders themselves (b). The prosthesis was relined with composite resin flow (c).

(a) (b)

(c) (d)

Figure 10:The fabrication of the prosthesis is completed in the laboratory (a), which after a few hours return the Toronto Bridge to the dentist
for clinical application. The clinician delivers the prosthesis to the patient (b), after a careful check of the occlusion that must be perfectly
balanced; then, the clinician closes the holes of the cylinders with Teflon soaked in chlorhexidine 5% and light curing flowable composite
resin (c). The panoramic radiograph shows the titanium framework and the perfect adaptation of this structure on implant abutments (d).
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regularly at the end of the study, two years after its placement
and functional loading. In all cases in which the implant had
to be removed, the fixture was defined as “failed.” The causes
for implant failure were as follows:

(1) mobility for lack of osseointegration, which occurred
in the early healing period (not later than 4 months
after insertion) but in the absence of symptoms/signs
of infection,

(2) infection of the peri-implant tissue (peri-implantitis)
that causedmassive bone loss and subsequent loosen-
ing of the implant [15]. The threshold for diagnosis of
peri-implantitis was a probing depth≥4mm, bleeding
on probing, and/or pus secretion associated with
evidence of radiographic bone loss (>2.5mm) [15],

(3) progressive severe bone loss (>2.5mmper year) in the
absence of specific symptoms/signs of infection,

(4) fracture of the implant body.

With regard to prosthetic success, a prosthesis was con-
sidered successful when no adverse events (such as frac-
tures/alterations of the resin superstructure and of the intrao-
rally welded titanium framework) occurred [3–6, 16]. At
the end of the study, after 2 years of functional loading, all
relevant patient data (gender, age at surgery, and smoking
habits), implant information (position, length, and diame-
ter), and prosthesis information were collected in an Excel
spreadsheet. Means (±SD) ranges, medians, and confidence
intervals (95%) were calculated for quantitative variables
and absolute and relative (%) frequency distributions were
obtained for all qualitative variables. Implant survival and
prosthesis success were finally calculated at the patient level,
which meant that if even a single implant out of five failed,
the procedure on that patient was classified as a failure, and
in the presence of even a single prosthetic complication, the
prosthesis could not be considered successful [17].

3. Results

In total, 42 patients (18 males and 24 females) were included
in the present study. The mean age of patients was 64.2
(±6.7), range 54–79 years, median 63.5 years, and confidence
interval (95%) 62.1–66.2. Among these patients, 12 (28.5%)
were smokers. Overall, 210 fixtures were inserted to support
42 screw-retained, full arches restorations (Toronto bridges)
in the edentulous mandible. The distribution of the implants
was as follows: 18 fixtures (8.6%) were 3.7mm in diameter
× 12mm in length, 40 fixtures (19%) were 3.7 × 14mm, 46
fixtures (21.9%) were 3.7 × 16mm, 18 fixtures (8.6%) were
4.1 × 12mm, 48 fixtures (22.9%) were 4.1 × 14mm, and 40
fixtures (19%) were 4.1 × 16mm.The positions of the implants
were the following: 84 molars (40%), 84 premolars (40%),
and 42 incisors (20%). At the end of the study, only 2
fixtures were lost (2/210: 0.9%) during the first months after
placement, in a single patient: the implant survival rate
was 97.7% (patient-based). With regard to complications,
during the follow-up, 5 implants suffered from peri-implant
mucositis and 3 implants suffered for peri-implantitis: these
fixtures were, however, successfully treated with dedicated

professional oral hygiene sessions and no further biological
problems were registered at the end of this work.With regard
to prosthetic complication and therefore prosthetic success,
3/42 of the prostheses required repair for fracture (7.1%): this
was considered amajor complication. In addition, 4multiunit
abutments (1.9%) became loose during the entire follow-up:
these were reinserted and screwed and no other abutment
loosening was encountered in this study.The loosening of the
multiunit abutmentswas considered as aminor complication.

4. Discussion

In recent years, several clinical studies have reported excel-
lent results obtained using intraoral welding techniques for
the rehabilitation of completely edentulous mandibles with
screw-retained full arch immediately loaded prostheses and
Toronto bridges [2–6]. Similar results have also been reported
for procedures on the fully edentulous maxilla [6, 18, 19],
giving the impression that intraoral welding can be success-
fully used for the rehabilitation of edentulous patients. In
particular, Degidi et al. published a paper [18] in which
30 patients received 3 axial and 4 tilted implants in the
edentulous maxilla and were rehabilitated with an imme-
diately loaded definitive prosthesis achieved using intraoral
welding. Patients were followed for a period of 3 years during
which the 210 implants inserted were checked, and implant
failures, marginal bone resorption around the fixtures, and
prosthetic problems were carefully registered [18]. At the
end of the study, three implants had biological problems,
giving a success rate of 97.8% for axial implants and 99.2%
for tilted implants, respectively. The mean marginal bone
resorption was 0.92mm (±0.75) for the axial and 1.03mm
(±0.69) for the tilted implants [18]. No fractures or alterations
of the intraorally welded titanium framework occurred, for
a prosthetic success of 100% [18]. One of the obvious
advantages of the intraoral welding technique is the ability to
rehabilitate in a very short timeframe and with limited costs
fully edentulous patients, without going through lengthy
and complex laboratory phases [2–6, 18]. Recently, some
potential alternatives to the traditional technique originally
proposed by P. L. Mondani and P. M. Mondani [1] and
subsequently recovered by Degidi et al. [3, 5, 6, 18] have been
proposed [7, 8]. Albiero and Benato [8] published a case
report in which the technique of intraoral welding has been
combined with modern guided surgical techniques. Using
this “guided-welded approach,” the authors were able to
obtain a very precise passive fit of a maxillary complete
denture supported by 4 implants, loaded immediately [8].The
passive fit contributed to the optimal healing of the implants
and the use of guided surgery allowed for the reduction of
surgery time and the adaptation of the bar to the implant
abutments [8]. Fornaini et al. [7, 9, 10] have presented another
possible variant of the intraoral welding technique, using a
laser for the welding of a bar (previously prepared from a
technician) to 4 implants placed in an edentulous maxilla.
In particular, in their clinical report [7] preceded by an in
vitro evaluation, the authors proved that the use of lasers
can produce good results in terms of intraoral welding. The
theoretical advantages of the use of lasers for the welding



8 International Journal of Dentistry

are different: lasers is effective on all metals and can be used
without filler metal and shielding gas and thanks to the fact
that the beam has extremely small dimensions and is well
focused (0.6mm), there is no adverse effect (overheating)
on the surrounding tissue [7, 9, 10]. In addition, lasers can
be used on all patients (even on patients with pacemakers)
[7, 9, 10]. In our present clinical research, we have introduced
a further possible variant of the classical intraoral welding
technique procedure: the so-called “BallWeldingBar” (BWB)
technique. The BWB technique represents a new, simple
treatment option for the fabrication of a screw-retained
Toronto Bridge that has predictable results. The mechanical
properties of this new bar (made of titanium grade 4) and
the original assemblage designed and patented by the authors
allow for the rapid fabrication of prostheses with no tension.
This means that there will be good adaptation when using a
variety of loading protocols (including immediate functional
loading). Overall, 210 fixtures were inserted to support 42
screw-retained, full arches restorations (Toronto bridges) in
the edentulous mandible. At the end of the study, only 2
fixtures were lost (2/210: 0.9%) during the first months after
placement, in a single patient: the implant survival rate was
97.7% (patient-based). With regard to prosthetic complica-
tion and therefore prosthetic success, 3/42 of the prostheses
required repair for fracture (7.1%): this was considered a
major complication. The prosthetic success was therefore
92.9%. The main advantages of our method are that it makes
it easy to centre the bars over the bone crest (for ease of
orientation of the components in the vertical and horizontal
dimensions), allows for fine regulation, and makes it easy
to solder the framework without distortions. Finally, the
procedure is very rapid and can be managed by a single
operator, both of which allow for reduced rehabilitation costs.
In the present study, we have used tapered implants with
a hexagonal conical implant-abutment connection, because
these fixtures had all the features necessary to meet the bio-
logical and mechanical requirements for immediate loading,
both in fully healed edentulous ridges and in postextraction
sockets [12]. The tapered design with double lead threads, in
fact, allows the surgeon to obtain an excellent primary
implant stability even in difficult clinical conditions [12],
such as in the case of postextraction sockets [20]. At the
same time, the dual acid etched surface of these implants
has the potential to accelerate bone healing, as demonstrated
by a recent histologic/histomorphometric human study [13].
In modern oral implantology, the presence of an adequate
macrostructure (thread design) and microstructure (surface
roughness) is considered critical for functional immediate
loading [21–23]. Finally, new materials (such as composite
resins) are now available for the fabrication of fixed full arch
mandibular dentures [24, 25]. These composite resins can
effectively replace more conventionally used materials (i.e.,
acrylic resins) because they offer greater hardness compared
to conventional acrylic resins. In addition, they are better
in terms of aesthetics, as they come in different shades
of pink to mimic the colours of the gum [24, 25]. These
features allow the technician to fabricate a prosthesis com-
posed of a single material, in which the titanium frame-
work/bar is incorporated and welded to the cylinders and

the abutments. The resin composite, besides being stronger
and more aesthetically pleasing than acrylic resin, has the
potential to preserve the occlusion stability over time, and
the maintenance and repair are similar to those of a common
dental composite [25]. In our present study we have used
these materials, and we have obtained excellent functional
and aesthetic outcomes. Our present study has limitations,
for example, the limited number of patients treated and
prostheses fabricated; therefore further studies on a larger
sample of patients are needed to confirm the positive clinical
outcomes reported here. In addition, the present study has
tracked outcomes for only two years and it is necessary to
follow the progress of these patients in the long-term, before
more specific conclusions can be drawn about the reliability
of the new and innovative BWB technique.

5. Conclusions

Fulfilling patient demands for an immediate functional
recovery is the main goal of modern dentistry. The novel
“BallWelding Bar” technique proposed in the present study is
simple and makes it possible to immediately load a definitive
screw-retained fixed full arch prosthesis, without the use of a
provisional prosthesis. In our present study, 210 fixtures
were inserted to support 42 mandibular screw-retained,
fixed full arches restorations (Toronto bridges). After two
years of loading, 2 fixtures were lost (2/210: 0.9%) during
the first months after placement, in a single patient: the
implant survival rate was 97.7% (patient-based). With regard
to prosthetic complication and therefore prosthetic success,
3/42 of the prostheses required repair for fracture (7.1%): this
was considered a major complication. The prosthetic success
was therefore 92.9%. Further studies are needed to confirm
these positive outcomes.
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Aim. To determine cumulative success rate (CSR) of short and ultrashort implants in the posterior maxilla restored with single
crowns. Patients andMethods. We performed a retrospective study in 65 patients with 139 implants. 46 were ultrashort and 93 short.
Implants were placed with a staged approach and restored with single crowns. Success rate, clinical and radiographic outcomes,
and crown-to-implant ratio (CIR) were assessed after three years. Statistical analysis was performed by descriptive and inferential
statistics. A log-binomial regression model where the main outcome was implant success was achieved. Coefficients and 95%
confidence intervals were reported. Analyses were performed with Stata 13.2 for Windows. Results. 61.54% of patients were female
andmean overall age was 51.9±11.08 years old. Overall CSRwas 97.1% (95%CI: 92.4–98.9): 97.9 and 95.1% for short and ultrashort,
respectively (𝑃 value: 0.33). Four implants failed. Covariates were not associated with CSR (𝑃 value > 0.05). Regression model
showed coefficients correlated with implant success for ultrashort implants (0.87) and most of covariates but none were statistically
significant (𝑃 values > 0.05). Conclusions. Our results suggest that short and ultrashort implants may be successfully placed and
restored with single crowns in the resorbed maxillary molar region.

1. Introduction

The partially edentulous posterior maxilla bone quality is
often poorly characterized by large marrow spaces and
reduced both vertical and horizontal bone volumes due
to the severe atrophy, increased sinus pneumatization, and
also iatrogenic prosthesis. Patients with extremely atrophic
upper posterior maxilla require major surgical sinus lift
procedures [1] or even zygomatic implants to be successfully
restored and then recover their oral function [2–5]. These
options are clinically challenging, because of the increased
patient morbidity and also the greater chance of intra- and
postoperative complications [6, 7]. Likewise, the develop-
ment of innovative implant designs and surface textures

in cases of intermediate atrophy suggests the use of short
implants as minimally invasive treatment options in these
cases [8].

The definition of a short implant in scientific literature
has been a historical debate. At first, “short” implants were
defined as those with <11mm in length [9, 10], 10mm [11,
12], 8mm [13], and 6mm [14], and ultimately “extra-short”
implants were defined as those with a ≤5mm intrabony
length [15]. However, the most recent European Consen-
sus Conference on short, angulated, and diameter-reduced
implants defined short implants as those with ≤8mm in
length and ≥3.75mm in diameter, standard implants as those
>8mm in length and ≥3.75mm in diameter, and ultrashort
implants as those <6mm in length [16]. Also they stated that
short implants are used primarily to avoid bone augmentation
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procedures and they are applicable if vertical bone volume is
limited by other anatomical structures such asmaxillary sinus
or the mandibular canal, but there is sufficient alveolar ridge
width to use ≥3.75mm diameter implants [16].

Short implants were historically associated with lower
survival rates and with unpredictable long-term outcomes
[17–20], but, currently due to their design improvement,
scientific evidence suggests that short implants (>6 but
≤8mm) have similar survival rates compared to standard
implants (>8mm) [15]. Splinted restorations were highly
recommendable in the posterior area of the jaw in order to
avoid unfavorable strains over the prosthesis [21], but further
studies showed the success of nonsplinted short implants
supporting single restorations, offering a comfortable pros-
thetic approach including better emergence profiles and oral
hygiene access compared to other fixed partial prostheses
options [22].

Several types of connections between the implant and
its prosthetic abutment are commercially available. Screw-
retained hexagonal (internal and external) or locking-taper
have been subjected to research in the past [23]. Screw-
retained systems exhibits greater rate of complications due
to instability at the implant-abutment interface (IAI), poor
accuracy of thread coupling, and the presence of microgap
allowing microbial colonization at the IAI leading to higher
rates of biological complications. To deal with this, the
locking-taper connection was introduced. It is defined as a
tapered connection with an angle connection <1.5 degrees
on both components [24]. Major advantages of the locking-
taper connection include increased mechanical stability with
no micromovements or microgaps at the IAI, thus leading
to fewer rates of biological and prosthetic complications.
Numerous studies have shown the high survival rates of
dental implants with this type of connection [23, 25, 26].

To the best of our knowledge most of these studies
focused mainly on 8mm length implant clinical outcomes,
but the scientific evidence for 5 or 6mm length implants
supporting single crowns in the posterior jaw is scarce,
thus leaving no clinical recommendations at this time for
its clinical usage. So our aim was to determine cumulative
success rates of 5 and 6mm length implants in the posterior
jaw restored with single crowns.

2. Materials and Methods

2.1. Study Design and Sample. We performed a retrospective
study in 65 patients who had at least one 5, 6, or 8mm length
Bicon� dental implant (Bicon Dental Implants, Boston, MA,
USA) placed between January 2012 and December 2013 at the
University of Verona Dental Clinic. One hundred thirty-nine
dental implants were placed overall. Sample was selected by
a convenience sampling according to the inclusion criteria
described below.

2.2. Inclusion Criteria. Patients with ASA I or II status who
voluntarily agreed to participate, aged > 18 years old, being
partially edentulous in the posterior area of the maxilla,
with a residual ridge that allowed insertion of ≤8mm length
implants, with 3 months of healing after tooth extraction and

having at least one 8, 6, or 5mm Bicon implant in length, and
restored with single crowns with at least 3 years of function
were included.Amongst all of the 139 implants, 52were 8mm,
46 were 6mm, and 41 were 5mm in length.

The study was conducted in accordance with the Helsinki
statement, and all patients signed a written informed consent
form. Also the University of Verona Institutional Review
Board approved the protocol.

2.3. Preoperative Steps. Before implant placement, all patients
received clinical examinations regarding periodontal dis-
eases, caries, and soft tissue status and, if needed, dentate sub-
jects were periodontally treated in order to obtain good oral
health before implant placement. Also complete radiographic
evaluation including panoramic and periapical radiographs
with parallelism technique was obtained. When more than
one implant was needed, surgical templates were delivered.
All of the patients were prescribed Amoxicillin plus Clavu-
lanate (Augmentin, GlaxoSmithKline SpA, Verona, Italy) one
hour before the implant placement to prevent systemic or
local infections.

2.4. Surgical Procedure. Local infiltrative anesthesia was
used. 2% Xylocaine (Dentsply Pharmaceutical, York, PA,
USA) was used to complete the surgical procedure.

Intrasulcular incisions were performed by using a N∘15
blade in a Bard-Parker scalpel. Full thickness flap was
obtained in the area and then this surgical protocol was
followed for implant placement; we began with pilot (2mm
diameter) drilling to achieve cortical perforation. Initial
pilot drilling length (3-4mm) was determined upon residual
bone height (RBH) measurement.This high-speed drill (1100
Revolutions Per Minute (RPMs)) was used with external
saline irrigation and had a cutting edge at the apical portion.
RBH aimed to determine also implant selection, but final
pilot drilling length was calculated by adding 3mm to the
selected implant length. Once pilot drilling was performed, a
periapical X-ray was obtained in order to control vertical and
horizontal positions with regard to the adjacent anatomical
structures.

The following steps were achieved with latch reamers
(LRs) at 50 RPMs without external irrigation. LRs were used
to widen the osteotomy, but length was always set at the
computed final drilling length (by adding 3mm to the desired
implant length). LRs are designed with a 0.5mm diameter
progressive increase and were used until the final implant
diameter was reached. Due to the fact that the LRs did not
need external irrigation and have low RPMs, we collected
autogenous bone from the latch reaming process. This bone
was stored in a Silicone Dappen Dish during the procedure.
Then the selected implant (Bicon Dental Implants, Boston,
MA,USA)wasmanually inserted into the osteotomy through
the healing plug. Healing plug was carefully removed and
then, with a seating tip mounted into a straight handle, we
seated the implant into the osteotomy. Healing plug was cut
ensuring that no sharp edges were present and could irritate
soft tissue. Then we placed harvested bone over the implant
shoulder.
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Figure 1: Schematic drawing of the Bicon dental implant system
and its macrogeometric features. 1 represents the short root-plateau
form implant body; 2 represents the abutment; 3 represents the 1.5∘
internal connection (locking-taper); 4 indicates the convergent crest
module (sloping shoulder); and 5 represents the implant plateaus.

Single suture with polyglycolid acid (Vicryl, ACE Surgical
Supply Co., Brockton, MA, USA) was used to close the
incisions. After implant insertion, immediate postoperative
X-ray was performed.The patient received postoperative and
homecare instructions as well as antibiotic and analgesic pre-
scriptions to avoid infections and pain/swelling, respectively.

After a 4-to-6-month healing period, the implants were
uncovered, temporary abutments were placed, flaps were
readapted, and sutures were placed around the temporary
abutments. After 3 weeks of soft tissue healing, definitive
impressions were taken andwithin 2 weeks definitive ceramic
or composite single crown restorations were delivered. At
each recall appointment and when needed, occlusal adjust-
ments were made and the prosthetic restorations were
checked for loosening, chipping, or other prosthetic compli-
cations.

2.5. Implant System. Weused a locking-taper (Morse taper or
Morse cone) dental implant system (Bicon Dental Implants,
Boston, MA, United States) designed in 1985. Besides
the aforementioned clinical advantages of a locking-taper
connection with proven bacterial seal [27], this implant
has a convergent crest module, platform switching, and a
root-form plateau design (Figure 1). Regarding its surface,
Integra-Ti� (grit-blasted and acid-etched) and Integra-CP�
(Hydroxylapatite treated or covered by Hydroxyapatite) are
commercially available.

2.6. Follow-Up Examination. After 3 years, patients were
recalled for radiographic and clinical examinations. Peri-
implant tissues and prostheses were also assessed. Figure 2
depicts a case of two upper posterior-placed implants at
the tooth numbers 14 and 15 with porcelain-fused-to-metal
restorations. Number 14 was a 5.0 × 8.0mm and number 15 a
5.0 × 5.0mm implant, respectively.

2.7. Study Variables. All of the implants had the same diam-
eter (5mm), but three different lengths were included (5, 6,
or 8mm). The major predictor variable was implant length
classified as short (S) (≤8mm in length) or ultrashort (US)
(<6mm in length) according the proposed criteria of the
European Consensus Conference on short, angulated, and
diameter-reduced implants [16].

Themain outcomewas the cumulative success rate (CSR).
Secondary variables (covariates) included the following: sex,
age, smoking history, NSAIDs consumption, and clinical-
related parameters such as implanted tooth type, history of
periodontal disease on the treated site, and implant surface.
Prosthetic-related covariates were type of restorative material
and crown-to-implant ratio.

2.8. Crown-to-Implant Ratio (CIR) Determination. At first,
crown height (in mm) was measured on the radiograph
immediately after prosthetic loading as the most occlusal
point to the implant-abutment interface (IAI) [28]. Then
crown-to-implant ratios were calculated by dividing the
digital length of the crown over the implant length and were
dichotomized as >2 or <2 units.

Vertical distortion occurs equally in the crown and in
the implant on the radiograph; and because the crown-to-
implant ratio is not dependent on absolute values, the effect
of vertical distortion on a ratio is then minimal [29].

2.9. Study Outcomes

2.9.1. Primary Outcome: Cumulative Success Rate. Expressed
asCSRwas the primary outcome variable in our study. Failure
was defined as the need of implant removal. Also implant
failures were classified in two types: early (or initial) and
late that occurred before and after implant loading (crown
insertion), respectively.

2.9.2. Secondary Outcomes: Biological and Prosthetic
Complications. Biological complications included mucositis
(swollen soft tissue and bleeding on probing without bone
loss) and peri-implantitis (swollen tissues, bleeding on prob-
ing, bone loss, and peri-implant pocket depth > 5mm) [30].

Prosthetic complications were considered as crown
detachment, chipping, or material fracture. However, pros-
thesis failure was defined as the need to remake the crown
due to fracture or loosening.

2.10. Statistical Analysis. Wefirst performedunivariate analy-
sis through descriptive statistics. For qualitative variables, we
computed proportions and 95% confidence intervals. How-
ever, to analyze quantitative data, we first tested normality
assumptions by using the Shapiro-Wilks test. If normality
criteria were met, we reported mean and standard devia-
tion; otherwise median and interquartile range (IQR) were
reported.

In bivariate analysis, we compared proportions using 𝜒2
or Fisher’s exact test, but, to comparemeans across groups, we
used Student’s t-test or the Mann–Whitney test, considering
if normality assumption and homoscedasticity criteria were
met (Levene’s test).
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(a) (b) (c)

Figure 2: (a) Immediate postoperative radiography of premolar implants placed at the upper posterior maxilla (premolars); internal sinus lift
cases were not included in this study. (b) Immediate X-ray obtained at crown insertion. (c) X-ray obtained at three-year follow-up showing
the implant-restoration success.

Finally, for multivariate analysis, we created a generalized
linear model (log-binomial regression) model where the
outcome (𝛽) was the implant success rate due to the high rate
of the outcome [31]. Major predictors were defined a priori
being those with biological plausibility. From this model we
reported standardized coefficients and 95% confidence inter-
vals. Marginal probability predictions were also estimated for
each group of implant length (short or ultrashort). Statistical
analysis was performed using Stata v.13.2 for Windows
(StataCorp, College Station, TX, USA).

3. Results

Amongst the 65 patients, 61.5% were females. Overall mean
age was 51.9 ± 11.08 years old. Most of the patients were
nonsmokers (75.38%), ASA status II (52.31%), and non-
NSAIDs consumers. Most of the implanted sites were located
in the molar area, coated by the Integra-CP surface and
restored using porcelain (porcelain-fused-to-metal (PFM)
Technique).

When we analyzed sample distribution according to
length definition (short or ultrashort), we only found statis-
tical significance for patients having history of periodontal
disease on the implanted site (58.46%), implanted tooth type
(molars: 51.8%), and also type of restorative material (porce-
lain: 76.26%). Overall mean follow-up time was 32.69±15.62
months. Table 1 presents uni- and bivariate demographic and
clinical-related outcomes.

Our overall cumulative success rate was 97.12% (95% CI:
92.49–98.92). Among the 139 implants, 4 implants failed: 3
due to peri-implantitis and the other one due to no osseoin-
tegration (early failure).Whenwe analyzed failures according
to implant length, implanted tooth type, restorative material,
and also periodontal status before implantation, we found
they were equally distributed amongst groups (𝑃 values >
0.05). Nonetheless, most of the failed implants were Integra-
CP coated (4 implants) with crown-to-implant ratio > 2 (2
implants). Bivariate analysis for the cumulative success rate is
presented in Table 2 showing no statistical significance of the

aforementioned parameters with the cumulative success rates
(𝑃 values > 0.05).

Table 3 shows the descriptive statistics for length defi-
nition distribution of the successes and failures according
implanted tooth type, implant surface, restorative material,
CIR, and also periodontal status before implantation.

Finally, we entered covariates into the log-binomial
regression model and coefficients with 95% CI are presented
in Table 4. Implant success increases with ultrashort implants
in male patients with ASA status I, mostly consuming
NSAIDs, and implants covered by Integra-CP. Regarding
prosthetic covariates, success increases with crowns made
by ceromer and with CIR > 2. On the other hand, failures
increases in periodontally compromised patients. However,
none of these parameterswere statistically significant (𝑃 value
> 0.05).

Probability prediction after regression indicated that
overall probability of success for short and ultrashort
implants are 96.24 and 94.39%, respectively. Finally, accord-
ing to CIR (>2), probability of success for short and ultrashort
implants was 95.64 and 93.51%, respectively.

4. Discussion

Placed implants in augmented bone in both mandible and
maxilla simultaneously or after a staged 6-month period from
lateral sinus floor elevation procedure were shown to provide
high survival rates [32].However, these associated procedures
are highly invasive and often associated with a high rate of
complications such as membrane perforation, sinusitis, and
total or partial loss of the grafted material [33–37].

This led to an increase usage of short implants especially
in the posterior area of the lower jaw. Also a large number
of studies including systematic and narrative reviews sug-
gest that short implants could be considered an alternative
treatment to advanced bone augmentation techniques with
significantly less complications rates and higher patient’s
satisfaction [38]. However, several of these reviews clus-
tered short implants outcomes supporting different types of
restoration, so the evidence about clinical outcomes of short
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Table 1: Overall placed implants according to studied covariates. Also distribution of placed implants according to implant length is presented
in this table.

Variable Overall Short Ultrashort
𝑃 value

𝑛 % 𝑛 % 𝑛 %
Sex
Female 40 61.54 26 65.00 14 56.00 0.46
Male 25 38.46 14 35.00 11 44.00
Age 51.90 ± 11.08 51.07 ± 10.38 53.24 ± 12.22 0.44
Smoking history
Yes 16 24.62 7 17.50 9 36.00 0.09
No 49 75.38 33 82.50 16 64.00
ASA status
I 31 47.69 21 52.50 10 40.00 0.32
II 34 52.31 19 47.50 15 60.00
NSAIDs consumption
Yes 5 7.69 2 5.00 3 12.00 0.36
No 60 92.31 38 95.00 22 88.00
History of periodontal
disease
Yes 38 58.46 19 47.50 19 76.00 0.02∗
No 27 41.54 21 52.50 6 24.00
Implanted tooth type
Premolar 67 (48.20) 56 (57.14) 11 (26.83) 0.00∗
Molar 72 (51.80) 42 (42.86) 30 (73.17)
Implant surface
Integra-CP 117 87.31 80 84.21 37 94.87

0.29HA-coated 12 8.96 10 10.53 2 8.96
Integra-Ti 5 3.73 5 5.26 0 3.73
Restorative material
Ceromer 33 (23.74) 18 (18.37) 15 (36.59) 0.02∗
Porcelain 106 (76.26) 80 (81.63) 26 (63.41)
∗Statistically significant differences between groups. Age is presented as mean ± standard deviation.

implants supporting single crowns in the posterior maxilla is
scarce [39, 40].

To the best of our knowledge, there is only one compre-
hensive systematic review aimed to evaluate the prognosis of
the posterior area restoration with single crowns supported
by short implants [41]. In this review, even when authors
did not find differences between ≤6 and >7 but in ≤8mm
implants in length, they hypothesized that this might be due
to the small sample of the 6mm and 5mm length implants
included, and if, with a larger sample size of the 6mm and
5mm implants, themeta-regression analysis results should be
different, finding statistically significant differences between
implants ≤8mm and >8mm in length.

Recently, Lai et al. [42] in a 5–10-year study followed
231 short Straumann implants supporting single crowns. 110
implants were placed in the maxilla and found that the 6
and 8mm length implants showed, respectively, a cumulative
survival rate of 97 and 98.5%, with no differences in regard to
the implanted jaw. Gulje et al. examined 41 patients randomly
allocated to receive an 11mm implant in combination with

maxillary sinus floor elevation surgery or to receive a 6mm
implant without any grafting in the posterior maxilla. At
the 12-month evaluation implant, survival was 100% in both
groups [43]. Schincaglia et al. [44] and Bechara et al. [45],
in two studies with similar designs, reported a cumulative
survival rate of 100% for the 6mm implants after 1 and 3
years, respectively. Even when we performed a mid-term
(three years) follow-up, our results are also comparable to
those at long-term (ten years) follow-up. Mangano et al.,
on a prospective clinical study including 215 short (8mm)
implants also supporting single crowns in the posterior
region of the jaws, showed an implant-based cumulative
survival rate of 98.5% [46], also highlighting the clinical
applicability of short implants.

Our results show that overall cumulative success rates
for short and ultrashort implants was 97.9% and 95.1%,
respectively (𝑃 value = 0.58), thus being equivalent. These
results are also consistent with previous evidence about
short implants supporting single crowns in the posterior
maxilla and, as a matter of fact, not only short but also
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Table 2: Bivariate analysis of the success rate according to study included covariates.

Variable
Overall

𝑃 valueSuccess Failure
𝑛 (%) 𝑛 (%)

Implant length
Short 96 (97.96) 2 (2.04) 0.33
Ultrashort 39 (95.12) 2 (4.88)
Implanted tooth type
Premolar 65 (97.01) 2 (2.99) 1.00
Molar 70 (97.22) 2 (2.78)
Implant surface
Integra-CP 113 (96.58) 4 (3.42)

1.00Hydroxyapatite (HA) coating 12 (100) 0 (0.00)
Integra-Ti 5 (100) 0 (0.00)
Restorative material
Ceromer 31 (93.94) 2 (6.06) 0.23
Ceramic 104 (98.11) 2 (1.89)
Crown-to-implant ratio
<2 Units 71 (98.61) 1 (1.39) 0.60
>2 Units 63 (96.92) 2 (3.08)
Periodontal status before implantation
Periodontally compromised 36 (94.74) 2 (5.26) 1.00
Nonperiodontally compromised 25 (92.59) 2 (7.41)

Table 3: Descriptive analysis of the success rate according to study groups.

Variable
Short Ultrashort

Success Failure Success Failure
𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%)

Implanted tooth type
Premolar 55 (57.29) 1 (50.00) 10 (25.64) 1 (50.00)
Molar 41 (42.70) 1 (50.00) 29 (74.35) 1 (50.00)
Implant surface
Integra-CP 78 (83.87) 2 (100) 35 (94.59) 2 (100)
HA-coated 10 (10.75) 0 (0.00) 2 (5.40) 0 (0.00)
Integra-Ti 5 (5.37) 0 (0.00) 0 (0.00) 0 (0.00)
Restorative material
Ceromer 18 (18.75) 0 (0.00) 13 (33.33) 2 (100)
Ceramic 78 (81.25) 2 (100) 26 (66.66) 0 (0.00)
Crown-to-implant ratio
<2 Units 66 (69.47) 1 (50.00) 5 (12.82) 0 (0.00)
>2 Units 29 (30.52) 1 (50.00) 34 (87.17) 1 (100)
Periodontal status before implantation
Periodontally compromised 20 (52.63) 1 (50.00) 5 (21.73) 1 (50.00)
Nonperiodontally compromised 18 (47.36) 1 (50.00) 18 (78.26) 1 (50.00)

ultrashort implants can support single crowns and remain
as a successful treatment in the atrophic posterior maxilla,
even with high C/I ratios (>2). It is important to note that the
prevalence of crowns with CIR > 2 (47.4%) was higher than
the previously published in the literature. Moreover when
we analyzed success rates of short and ultrashort implants
according to CIR, we did not find any statistical significance,

thus suggesting that either short or ultrashort implants could
be restored with single crowns having CIR > 2. Besides this,
the multivariate analyses show the positive effect of CIR > 2
on the implant success rate (coefficient = 0.79). Even when
our study only included dental implants restored by means
of single crowns, our results are also comparable with those
of Mangano et al., who showed a high CSR (97,2%), for
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Table 4: Standardized coefficients derived from log-binomial regression and 95% confidence intervals for factors associated with success
rate.

Variable Estimates
𝑃 value

Coefficients 95% CI
Implant length
Ultrashort 0.87 1.05–2.79 0.37
Sex
Male 0.47 −1.42–2.36 0.62
ASA status
I 0.09 −1.80–1.99 0.92
NSAIDs consumption
Yes 1.38 −0.68–3.45 0.19
Implant surface
Integra-CP 14.85 −4318.28–4348.00

0.99HA-coated −14.19 −3787.47–3759.08
Integra-Ti −13.88 −5171.07–5143.29
Restorative material
IACs (ceromer) 1.16 −0.75–3.08 0.23
Crown-to-implant ratio
>2 units 0.79 −1.58–3.17 0.51
Periodontal status before implantation
Periodontally compromised −0.34 −2.23–1.55 0.72

standard (>10mm) implants restored using fixed prosthesis
with follow-up periods as high as 20 years [47].

Urdaneta et al. evaluated 326 short and ultrashort
implants with the same implant design supporting single-
tooth crowns with a mean C/IR of 1.6 (ranging from 0.79 to
4.95) and found that after 6 years (70.7 months) of follow-up
a CIR up to 4.95 did not lead to an increased risk of implant
failures, crown failures, or crown fractures [26]. Malchiodi
et al., in a prospective study on 259 tapered truncated cone
shaped implants with 5, 7, 9, or 12mm in length, reported
that 36% of the implants presented a C/I ratio >2, showing
a CSR of 95.6% [48] being comparable to our results (96.9%).
Anitua et al. [49], in a retrospective study with amean follow-
up of 28.9 months, reviewed the clinical outcomes of 128
short implants being mostly restored with bridges or splinted
crowns and found a CSR of 100%. Only 42 out of the 128
implants (32.8%) had a >2 CIR. Recently, Mangano et al.
[50], in a 5-year prospective study, followed 68 6.5mm long
implants in 51 patients. Twenty-nine out of the 65 implants
(72%) were restored by means of single crowns. Twenty-five
percent (17 out of 68) of the implants had at baseline CIR ≥ 2
and 3 failures were reported, all in the >2 CIR group.

Current scientific evidence demonstrates that implant
design can play a determining role to allow higher clinical
performance [51], and it is assumed to be particularly true
for short implants. Moreover our results support these facts
for ultrashort implants. Results from finite element analysis
studies show that different implant bodies and abutment
connection types may influence peri-implant bone stresses
and abutment micromovement, determining the threshold
values of tensile and shear stresses that cause resorption of
cortical bone, thus affecting implant success rate [52].

Features like a reverse conical neck design, the locking-
taper implant-abutment connection, and a plateau root form
body are associated with low occlusal stress concentration
on the buccal bone and limited harmful abutment
micromovement inside the connection [52]. Furthermore,
the locking-taper feature inhibits the bacterial leakage at
the implant-abutment connection level [27], thus providing
numerous benefits in terms of healing and osseointegration,
leading to a better biomechanical fixation [53]. From a
biomechanical standpoint, a locking-taper connection is
mechanicallymore stable than external-hexagon or butt-joint
implant-abutment connections. While the rate of biological
and prosthetic complications related to screw-retained
systems is high, locking-taper implants demonstrates
minimizing all these problems. Also this type of implant-
abutment connection can also withstand large lateral forces
[54]. Thanks to the Morse taper principle, the high friction
between the surfaces of two equal conical parts links them
altogether. This phenomenon is known as “cold welding,”
since both surfaces undergo a kind of interpenetration and
fusion between their asperities as result of contact pressure.
This means that both implant and abutment virtually create
a single body; so compared to screw-retained systems, stress
distribution is homogeneous through the unit [24].

All these facts that aim to elucidate the high CSR from
our study are also well supported in scientific evidence from
systematic reviews [55]. Implant placement in a subcrestal
(submerged) fashion and the usage of an implant with
convergent crest module, represented by the sloping shoulder
geometry, enhance the platform switching (PS) to occur.This
PS allows an increase in residual crestal alveolar bone volume
around the neck of the an implant, repositions the papilla to
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a more esthetic and apposite level, reduces mechanical stress
in the crestal alveolar bone area, and assists in enhancing the
vascular supply to hard and soft tissue in case of reduced
interdental space.

Even when our study was able to demonstrate the
high cumulative success rate and low fate of biological
complications, some limitations are evident such as the rela-
tively small sample size, the mid-term follow-up, and imbal-
anced distribution across groups (short versus ultrashort).
These factors might partially explain our nonstatistically
significant associations presented here.

5. Conclusions

Results from our study suggest the adequate clinical per-
formance of short and ultrashort implants. After 3 years
of loading, the clinical applicability of these implants with
locking-taper connection, sloping shoulder, and plateau-
form which are supporting single crowns in the posterior
maxilla is evident. Since we did not find any statistical
difference between groups, even according to CIR, this is
the first evidence to hypothesize that short and ultrashort
implants are clinically equivalent and could be used either
on premolar or on molar areas. However, in most cases
where residual bone height in the molar area is limited,
ultrashort implants are recommended for implant-supported
restorations.
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Purpose. To present the outcomes of immediately loaded single implants placed in the anterior maxilla. Methods. Over a 2-year
period, all patients referred to a private clinic were considered for enrolment in this study. Inclusion criteria were single-tooth
placement in postextraction sockets or healed sites of the anterior maxilla. All implants were immediately loaded and followed for a
period of 1 year after the placement of definitive crowns.The outcomemeasures were implant stability, survival, and success.Results.
34 patients were selected and 43 tapered implants with a knife-edge thread design and a nanostructured, calcium-incorporated
surface (Anyridge�, Megagen, Gyeongsang, Korea) were installed. Two implants were not sufficiently stable at placement (ISQ <
60) and were considered failed for immediate loading; 41 implants had an ISQ ≥ 60 at placement and were immediately loaded.
One year after the placement of definitive crowns, no implant failures were reported, for a survival rate of 100%. No biological
complications were found, but 2 implants had their prosthetic abutments loosened: the implant success rate was 95.2%.Conclusions.
In the present study on the immediate loading of single implants in the anterior maxilla, positive outcomes were reported, with
high survival (100%) and success (95.2%) rates (the present study has been registered in the ISRCTN registry, a publicly available trial
register recognized by WHO and ICMJE, with number ISRCTN12935478).

1. Introduction

Dental implants are a viable solution for the restoration of
single-tooth gaps, with high survival and success rates in the
short [1] and long term [2]. Nowadays, the placement of an
implant-supported single crown allows the rapid and pre-
dictable restoration of function (mastication) and aesthetics
[3, 4].

A good biological integration is an essential prerequisite
for the success of a fixed implant-supported restoration [5].
In fact, a dental implant has to effectively integrate into the
bone, in order to functionally support the prosthetic restora-
tion [5]; at the same time, of fundamental importance is the
integration with the soft tissues, which is a guarantee of the
maintenance of osseointegration over time, and it is an essen-
tial condition for the aesthetic success of the rehabilitation
[4–6].

In recent years, the aesthetic requirements of the
patients have become increasingly important and difficult to

satisfy [4–6]; furthermore, patients require a treatment that
should be fast, minimally invasive, and of low cost [5].

In order to meet the modern needs of patients, new
surgical and prosthetic protocols have been proposed and are
gaining acceptance, which reduce the number of operating
sessions (and with them the stress and costs for the patient):
among them, there are the placement of implants in fresh
extraction sockets [4, 7, 8] and the immediate prosthetic
loading [9].

The placement of implants in fresh extraction sockets,
that is, immediately after the extraction of the nonrestorable,
compromised teeth, can reduce the number of surgical
sessions (from two to one) with a reduction in the patients’
stress and costs [4, 7, 8]. This strategy is compatible with the
insertion of implants with a flapless technique (i.e., without
having to raise a full-thickness, mucoperiosteal flap) and
is therefore minimally invasive: this represents a further
advantage of the method [8, 10]. Finally, some researchers
believe that the insertion of an implant into a fresh extraction
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socket may facilitate the correct three-dimensional (3D)
positioning of the fixture, with benefits for the emergence
profile [4, 7, 8].

Although all these benefits of immediate implant place-
ment have been recognized, this surgical technique does not
allow (in contrast to what had been assumed in the past) a
reduction or counteracting of the physiological resorption
that occurs in the alveolar bone after tooth extraction [11, 12],
and that particularly affects the delicate buccal bone plate
in the anterior maxilla [12]. In addition, the placement and
primary stabilization of an implant in a fresh postextraction
socket (which is generally larger) can be technically difficult
and can be a challenge for the surgeon [7, 8, 13]. If the implant
is placed too buccally, the final aesthetic outcome can be
compromised [8, 13]; if the implant is placed too palatally
(lingually), this situation may not be compatible with
adequate prosthetic emergence profile [8, 13].

The immediate prosthetic loading is a viable strategy to
reduce the time of treatment: the placement of a temporary
restoration immediately after the insertion of the fixture
(within 48–72 hours after surgery) is certainly an aesthetic
and functional benefit to the patient, who can avoid wearing
uncomfortable removable dentures during the healing period
[9]. Finally, the placement of an immediate provisional
restoration involves benefits with respect to gingival tissues,
which can be modeled around it immediately [4, 6, 14].

However, there is a risk to be calculated in immediate
loading of dental implants, especially when they support
single crowns [15, 16]: in order to obtain a valid osseointe-
gration, it is indeed necessary that the forces applied on the
system in the early healing period are controlled, and they
do not generate micromotions [17]. The presence of micro-
movements at the interface between bone and implant can,
in fact, affect bone healing and osseointegration, leading to a
mobilization and failure of the implant [17, 18].

In order to meet the new challenges of modern
implantology, the manufacturers now offer implant sys-
tems with specific designs (macrotopographies) and surfaces
(micro/nanotopographies) that can help tomaximize the pri-
mary stabilization in difficult contexts (such as the placement
in postextraction sockets) and at the same time speed up
and enhance osseointegration, in order to anticipate the
prosthetic loading without risk [19–22].

The aim of this prospective clinical study is therefore
to present the clinical outcomes of single implants with
a knife-edge thread design and a nanostructured calcium-
incorporated surface, when placed in postextraction sockets
and healed sites of the anterior maxilla and subjected to
immediate loading.

2. Materials and Methods

2.1. Study Sample. Thepatients were enrolled in this prospec-
tive study and treated with the insertion of dental implants
in the course of two years (2013-2014) in one private dental
center (White Clinic�, Lisbon, Portugal). Inclusion criteria
were as follows: (1) patients with one to four single-tooth gaps
or patients in need of replacement of one to four severely
compromised, nonrestorable teeth in the anterior areas of the

maxilla (incisors, canines, and first and second premolars);
(2) good state of systemic health; (3) good oral hygiene;
(4) age > 18 years; (5) dentition in the opposite arch; (6)
willingness to participate in the follow-up study, attending
all annual periodic examinations/controls.The general exclu-
sion criteria included the presence of medical conditions
that contraindicated surgery, such as (1) uncontrolled or not
properly treated diabetes with high blood sugar levels, (2)
the presence of immunosuppression, (3) history of head and
neck cancer with radio- and chemotherapy, (4) the presence
of blood diseases, (5) the presence of psychological or psychi-
atric diseases, (6) patients in treatment with anticoagulants,
and (7) patients in treatment with oral/intravenous amino-
bisphosphonates. The local exclusion criteria were as follows:
(1) the absence of enough bone to place an implant of at
least 10.0mm in length and 3.5mm in diameter; (2) the need
of major regenerative bone techniques (such as onlay/inlay
bone grafting) before implant insertion (minor procedures
including guided bone regeneration with granulate and
membranes or buccal grafting and interproximal procedures
were not exclusion criteria); (3) the presence of oral diseases
(vesiculobullous diseases, ulcerative diseases, white or red
lesions, diseases of the salivary glands, the connective tissue
or lymphoid lesions, cystic lesions, and benign or malignant
tumors of the oral cavity); (4) the lack of occlusal contacts in
the antagonist arch. History of periodontal disease, the habit
of cigarette smoking, and the presence of parafunctions were
not exclusion criteria for this study; however, patients were
advised that these conditions could represent a risk factor
for implant therapy [23]. All patients were informed in detail
about the nature of this study and signed informed consent
for implant therapy. The present study was carried out in full
compliance with the criteria established by the Declaration of
Helsinki on clinical trials involving human subjects (2008).

2.2. Preoperative Evaluation. The preoperative evaluation
included a careful clinical and radiographic analysis (Fig-
ures 1 and 2). In particular, all patients underwent two-
dimensional radiographic evaluation (intraoral periapical
radiographs or panoramic radiograph) for a first assessment
of the surgical site; when requested, this assessment was
supplemented by a three-dimensional (3D) evaluation of
bone anatomy by means of a low-dose cone beam com-
puted tomography (CBCT) (CS9300�, Carestream Health,
Rochester, USA). The DICOM files resulting from the CBCT
were then loaded into visualization software, in order to
evaluate in detail the height and thickness of the bone crest.
The surgical planning then proceeded through a simulation
of implant placement: this was helpful for deciding the length
and diameter of the different fixtures and to better study
location, depth, and inclination of the same fixtures. Radio-
graphic evaluation was completed by taking two alginate
impressions and pouring of plaster models, on which the
dental technician made a diagnostic to wax-up, in order to
better understand the patient’s prosthetic needs.

2.3.The Implants. The tapered implants used here (Anyridge,
Megagen, Gyeongsang, Korea) had a knife-edge thread
design and a nanostructured, calcium-incorporated surface.
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(a) (b)

Figure 1: Preoperative situation. The patient complains because the left central incisor, which was restored with a single crown several years
before, appears extruded and presents a high mobility (a).The periapical radiograph shows a severe resorption (b): the tooth is nonrestorable
and needs to be extracted.

Figure 2: Cone beam computed tomography (CBCT). The cone
beam computed tomography (CBCT) examination confirms the
presence of the tooth resorption. A careful 3D analysis of the height
and width of the alveolar ridge is performed, in order to better plan
the implant placement.

The nanostructured surface of these implants (Xpeed�)
was the result of a conventional sandblasting procedure
(resorbable blast media treatment) and the subsequent incor-
poration of calcium ions bymeans of a hydrothermalmethod
[24]. The implants had a 5mm deep conical connection (10∘)
combined with an internal hexagon [6, 15, 20] and were
available in different lengths (7.0, 8.5, 10.0, 11.5, 13.0, and
15.0mm) and diameters (3.5, 4.0, 4.5, 5.0, 5.5, and 6.0mm).

2.4. Surgical and Prosthetic Procedures. All surgeries were
performed under local anesthesia, using articaine with
adrenaline (1 : 100,000) by the same experienced clinician
(M.S.). In the case of single-tooth gaps in healed ridges,
a midcrestal incision was performed connected with two
lateral releasing incisions; a full-thickness flap was raised;
then the surgeon prepared the implant sites using drills

of increasing diameter, strictly following the manufacturer’s
recommendations. In the case of nonrestorable teeth that had
to be extracted, the extraction was performed gently with the
purpose of avoiding any damage to the buccal bone wall; the
socket was carefully cleaned and the integrity of the socket
walls was verified. Then, the surgeon prepared the implant
site, without rising any flap apically and pushing 3 to 4mm
to the peak of the postextraction socket. In cases with high
aesthetic demands (such as the central and lateral incisors)
care was taken to prepare the implant site palatally, in order
to avoid any contact with the delicate and thin buccal wall.
In postextraction cases, after the insertion of the implants,
the gaps between the fixture and the alveolus walls were filled
with autogenous bone chips, recovered during the prepara-
tion of the surgical site (Figures 3 and 4); the autogenous bone
could be mixed with highly porous hydroxyapatite granules,
where needed. In all cases, the implants were placed slightly
subcrestal and their primary implant stability was measured
by means of RFA; the ISQ values were measured at four
sites (buccal/palatal/mesial/distal) in order to calculate the
mean ISQ value for each implant. When the mean ISQ <
60, the implants could not be loaded immediately and were
therefore considered failed for immediate loading; they were
left unloaded placing a transmucosal healing abutment for
a period of 3-4 months, during which the patient had to
wear a small removable prosthesis, for aesthetic reasons. If
the mean ISQ value at placement was ≥60, conversely, the
implants were immediately loaded (within 48 hours after
implant placement) by means of a single provisional resin
crown. A titanium prefabricated abutment was prepared and
screwed on the implant; a provisional resin crown was then
adapted. The provisional crowns could be obtained from a
direct impression (from the laboratory) or from preformed
shells which were relined intraorally. Care was taken to
polish well all crowns and to obtain a satisfactory, natural
emergence profile (Figure 5). In the healed ridge group of
patients, interrupted sutures were performed to adapt the flap
to the restoration; in the postextraction group, the provisional
crown protected the alveolus, maintaining the clot formation
subgingivally; in some cases, these crowns could be splinted
with composite resin to the adjacent teeth, in the period
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(a) (b)

(c) (d)

Figure 3: Surgery. The nonrestorable tooth is extracted (a) and the socket is carefully debrided (b), in order to remove all infected tissue;
then, the implant site is prepared with sequential drills, exceeding the alveolar apex 3-4mm (c) and before to place the implant, a connective
tissue graft is harvested from the palate, in order to thicken the soft tissues in the delicate buccal area (d).

(a) (b)

(c) (d)

Figure 4: Surgery. The connective tissue graft is secured in position, within the envelope flap (a); then the implant (Anyridge, Megagen) is
inserted slightly subcrestal and in palatal position (b); the autogenous bone chips collected during the preparation of the implant site are then
placed in the alveolus (c), in order to fill the gaps between the socket and the implant (d).
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(a) (b)

(c) (d)

Figure 5: Immediate provisionalization. A provisional abutment is screwed on the implant (a) and the individual emergence profile is
obtained with composite resin (b) in order the correct pressure that is exerted on the soft tissues (c); in this case, the immediate temporary
restoration is then splinted to the adjacent teeth, for a short period after the surgery, in order to reduce the effects of prosthetic loading on
the immediately inserted implant (d).

(a) (b)

Figure 6:The provisional restoration after 2 months.The soft tissues outline has been modeled by the temporary and the level and curvature
of the facial mucosa look better, even if oral hygiene should be improved. (a) Clinical view; (b) radiographic control.

immediately following the surgery. The provisionals were
screw-retained or cemented, depending on the case. A careful
check of the occlusion with articulating papers completed the
provisional prosthetic phase: light and well distributed static
contacts were left, and care was taken to remove any possible
overloading. An intraoral periapical radiograph was taken,
and the patient was left with prescriptions of oral antibiotics
(amoxicillin + clavulanic acid, 2 gr/day for a period of 6
days) and analgesics (600mg ibuprofen, 2/3 times a day for
a maximum period of 2 days). All patients were recalled at

1 week, for a control and the removal of the sutures (where
present). The provisional crowns remained in situ (Figure 6)
for a period of 3-4months, after that theywere replaced by the
definitive ceramic (zirconia ceramic) restorations; the final
restorations were cemented (Figure 7). At the delivery of the
final crowns, occlusion was carefully checked again, and a
new periapical radiograph was taken. All patients were then
enrolled in a follow-up program, with visits every 4 months;
the patients were followed for a period of 1 year of loading
(Figure 8), after the delivery of the final restorations.
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(a) (b)

Figure 7: The definitive ceramic restoration in position. (a) The definitive ceramic crown is delivered to the patient, along with the other
planned definitive, tooth-supported restorations. (b) The aesthetic result 4 months after implant placement.

(a) (b)

Figure 8: The definitive ceramic crown 1 year after the delivery. (a) An aesthetically pleasing result has been maintained clinically, and the
patient is fully satisfied; (b) the radiographic control confirms the stability of the hard tissues around the implant.

2.5. Outcomes of the Study. During each follow-up visit
(every 4 months) and until the end of the study (1 year
after the placement of the definitive crowns) a clinical
and radiographic assessment of the implants, peri-implant
tissues, and prostheses was carried out by a periodontologist
and a prosthodontist, who were not directly involved in the
placement of the implants. The main outcomes of the study
were implant stability, implant survival, and implant success.

2.5.1. Implant Stability. Resonance frequency analysis (RFA)
was the method used to measure implant stability, imme-
diately after placement (primary implant stability) and at
each follow-up session. A dedicated instrument (Osstell
Mentor�; Osstell, Integration Diagnostic, Sweden) was used
to register implant stability. This portable device emitted
magnetic pulses to a small magnet (Smartpeg�) screwed
directly on the implant with 5Ncm; the magnet started to
vibrate, and the probe listened to the tone and translated it
to a value named implant stability quotient (ISQ) [25]. For
each fixture, ISQ values (scaled 1–100) were measured from
the four sites (mesial, distal, buccal, and palatal sites). The
mean of all measurements was rounded to a whole number
and regarded as the final ISQ of the implant [25, 26]. At each
follow-up session, after each measurement, the abutments
were repositioned and screwed again on the implants so that
the prostheses could be reinserted. In general, the acceptable

stability range is 55–85 ISQ; however, in the present study,
in the case of ISQ < 60, implants could not be immediately
functionalized/loaded and were therefore considered failed
for immediate loading, as previously reported [20].

2.5.2. Implant Survival. A fixture was defined as “surviving”
if still present and regular in function, at the end of the study,
one year after the placement of the definitive crown. In all
cases in which the fixture had to be removed, the implant was
defined as “failed.” The causes for which an implant could
be removed were (1) lack of osseointegration and mobility,
which occurred in the early healing period/provisionalization
or even after the placement of the final restoration, but in
the absence of symptoms/signs of infection; (2) recurrent
and intractable infection of the peri-implant tissues (peri-
implantitis) that caused massive bone loss and subsequent
implant loosening; (3) fracture of the implant body.

2.5.3. Implant Success. The implant success was defined as
the condition in which no biological or prosthetic com-
plications occurred, at the implant and at the restoration
level, in the course of the whole study. Among the biological
complications, there were (1) postoperative pain/discomfort
and edema/swelling; (2) peri-implant mucositis; (3) peri-
implantitis; (4) peri-implant bone loss >1.5mm, without
any symptoms or signs of infection, at the 1-year follow-up
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session. Peri-implant mucositis was defined as a reversible
clinical situation in which bleeding on probing and/or
suppuration were present, associated with a pocket depth
≥4mm but with no radiographic bone loss; conversely, peri-
implantitis was defined as a nonreversible clinical situation
characterized by pocket depth ≥4mm and bleeding on
probing and/or pus secretion associated with evidence of
radiographic bone loss (>2.5mm) [27]. Among the prosthetic
complications, there were mechanical complications such
as abutment screw loosening and abutment fracture, but
also technical complications such as chipping/fracture of the
ceramic restorations [2, 28].

2.6. Statistical Evaluation. Two independent, experienced
observers (a periodontist and a prosthodontist) collected
and evaluated all data. Data were entered into a statistical
sheet (Excel�, Microsoft, Redmond, USA) where the sta-
tistical analysis was performed. The evaluation of patients’
demographics (gender, age at surgery, smoking habit, history
of periodontal disease, and presence of parafunctions) as
well as the implant characteristics (site, position, length and
diameter, minor bone augmentation, and connective tissue
graft procedures) was carried out. All qualitative variables
were evaluated by calculating absolute and relative frequency
distributions; the Chi-square test was used to calculate the
differences in distribution between the groups, with the sig-
nificance level set at 0.005. Conversely, quantitative variables
(such as patients’ age) were analyzed by calculating means,
standard deviations (SD), and medians and 95% confidence
intervals (CI). Implant survival and success were calculated
at the implant level.

3. Results

3.1. Patient Demographics and Implant Distribution. In total,
34 patients (13 males; 21 females) were enrolled in the
present study. The mean age of these patient was 45.58 years
(±10.15; median 44; range 20–69; CI 95% 42.14–49.02). The
distribution of the patients is reported in Table 1. Although
more females were enrolled (21/34: 61.8%), the distribution
of patients did not differ significantly in relation to gender
(𝑝 = 0.170). Conversely, most of the selected patients
were young adults (with an age comprising between 35 and
49 years, 21/34: 61.8%), with only 7 patients with an age
comprising between 50 and 64 years (7/34: 20.6%) and 3
patients with an age < 35 years and ≥65 years (3/34: 8.8%),
respectively. Accordingly, the distribution of the patients was
nonhomogeneous with respect to the age at surgery (𝑝 <
0.0001).Most of the patients were nonsmokers (28/34: 82.4%)
so that the distribution of patients was not homogeneous
with regard to the smoking habit (𝑝 = 0.0002); however, the
percentage of smokers was quite high (6/34: 17.6%). Finally,
no statistically significant differences were found in the
patients demographics with regard to history of periodontal
disease (𝑝 = 0.303) or presence of parafunctions (bruxism
and/or clenching) (𝑝 = 0.086). In fact, 20 patients had
a previous history of chronic periodontal disease (20/34:
58.8%) while 14 patients had not experienced this condition
before (14/34: 41.2%). Similarly, 22 patients had no history

Table 1: Patient demographics.

Number of patients (%) 𝑝∗

Gender
Males 13 (38.2%) 0.170
Females 21 (61.8%)
Age at surgery
20–34 years 3 (8.8%)

<0.000135–49 years 21 (61.8%)
50–64 years 7 (20.6%)
≥65 years 3 (8.8%)
Smoke
Yes 6 (17.6%) 0.0002
No 28 (82.4%)
History of periodontal disease
Yes 20 (58.8%) 0.303
No 14 (41.2%)
Parafunctions
Yes 12 (35.3%) 0.086
No 22 (64.7%)
Total 34 —
𝑝
∗
= Chi-square test.

of parafunctions (22/34: 64.7%), while 12 patients (35.3%)
suffered from bruxism and/or clenching.

A total of 43 implants were inserted in this study. Six
patients had multiple indications for implant therapy (one
patient had four implants installed, another patient received
three implants, and four patients had two implants installed).
With regard to the distribution of the implants, almost one-
third of them were placed in postextraction sockets (14/43:
32.6%), while 29 (29/43: 67.4%) were placed in fully healed
sites: these groups did not differ significantly (𝑝 = 0.022).
With regard to the position of the implants, however, a
high number of premolars (28/43: 65.1%) were installed,
when compared to the incisors (11/43: 25.6%) and with
the cuspids (4/43: 9.3%): the distribution of the fixtures
in these groups was significantly nonhomogeneous (𝑝 <
0.0001). No statistically significant differences were found
in the distribution of implants by length (𝑝 = 0.010)
and diameter (𝑝 = 0.026). In almost all cases (37/43:
86.0%) a bone regeneration with autogenous bone particles
(collected during the preparation of the implant site) was
performed; consequently, there was a significant difference
in the distribution of the implants, with regard to the use
of bone regeneration procedures (𝑝 < 0.0001). Finally, in a
high number of cases (10/43: 23.3%) a connective tissue graft
was harvested from the palate and used to thicken the soft
tissues in the buccal area. The connective tissue grafts were
placed in almost all cases of central incisors (10/11: 90.9%). In
33 cases, however (33/43: 76.7%) no connective tissue grafts
were harvested, and the 𝑝 value observed (0.0005) did not
reveal a statistically significant difference in the distribution
of the fixtures, with regard to the use of connective tissue
grafts. All information about the distribution of the implants
is summarized in Table 2.
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Table 2: Distribution of the implants.

Number of implants (%) 𝑝∗

Surgical protocol
Postex. sockets 14 (32.6%) 0.022
Healed sites 29 (67.4%)
Position
Incisors 11 (25.6%)

<0.0001Cuspids 4 (9.3%)
Premolars 28 (65.1%)
Length
10.0mm 3 (7.0%)

0.01011.5mm 9 (20.9%)
13.0mm 13 (30.2%)
15.0mm 18 (41.9%)
Diameter
3.5mm 15 (34.9%)

0.0264.0mm 16 (37.2%)
4.5mm 8 (18.6%)
5.0mm 4 (9.3%)
Bone regeneration
Yes 37 (86.0%)

<0.0001
No 6 (14.0%)
Connective tissue graft
Yes 10 (23.3%) 0.0005
No 33 (76.7%)
Total 43 —
𝑝
∗ = Chi-square test.

3.2. Implant Stability, Survival, and Success. In the present
study, only two implants (2/43: 4.6%) did not show sufficient
primary implant (ISQ < 60) and were therefore considered
failed for the immediate loading. These implants were not
loaded and remained with the healing abutments in position,
for a period of 3 months; after this period, they were
successfully loaded with a provisional restoration. Both these
implants were premolars, placed in the extraction sockets of
two different adult patients (49- and 67-year-old females).
Conversely, 41 implants (41/43: 95.4%) were satisfactory
stable (ISQ ≥ 60) at placement and were therefore loaded
immediately.

At the end of the study, one year after the placement
of the definitive crowns, no implants failed, for an overall
survival rate of 100% (43/43 implants, 41/41 immediately
loaded implants in functions).

Finally, with regard to the implant success, no biolog-
ical complications were reported. In fact, no postopera-
tive pain/discomfort and/or edema/swelling occurred after
surgery; in addition, no peri-implant mucositis or peri-
implantitis was registered during the entire follow-up period,
and the marginal bone loss was <1.5mm in all implants.
However, two prosthetic abutments (2/41: 4.8%) became
loose, in two premolars; the abutment screw loosening was
registered as prosthetic (mechanical) complication, since it
was complication affecting implant components. The abut-
ment screwswere tightened again and no other complications

occurred at this level. Overall, the rate of complications was
therefore 4.8%, for an implant success of 95.2% after 1 year of
functional loading.

4. Discussion

Nowadays, patients are increasingly demanding and asking
for early and immediate prosthetic loading protocols [9, 14];
in the sameway, the immediate placement of implants in fresh
postextraction sockets represents a valid therapeutic option
for the clinician, to reduce the times and costs of implant-
prosthetic treatment, the invasiveness of the therapy, and the
patient stress [4, 7, 8, 10].

Although the placement of immediate, postextraction
implants and the immediate loading protocols can represent
today predictable solutions, characterized by high rates of
survival and success [7–10], there is no doubt that these
methods are more challenging for the clinician, at least when
compared to more conventional protocols (such as the inser-
tion of fixtures in fully healed edentulous bone ridges and the
conventional, delayed loading after a period of 4–6 months
of undisturbed bone healing) [7, 13]. In fact, the placement
of implants in extraction sockets can be difficult [7, 13]. First,
the postextraction alveolus is generally of larger size than the
diameter of the implant: it can therefore be difficult to obtain
adequate primary stability of the implant in the surgical site
[1, 7, 13]. It is known that primary stability is a fundamental
requirement for the survival of the implant, in the short
term: an insufficiently stable implantmay have amobilization
and failure in the early months of healing, immediately
after insertion [17, 18]. In fact, during the first two months
following insertion, a bone remodeling with partial loss
of initial mechanical stabilization of the implant (resulting
from the initial contact between the implant surface and the
preexisting alveolar bone) occurs [17, 18]. If this remodeling
is not effectively counteracted and balanced by an adequate
and rapid deposition of new bone on the implant surface,
an adequate secondary stabilization (or osseointegration) of
the implant is not possible, with a high risk of failure [17,
18]. Some colleagues have suggested the use of fixtures of
larger diameter, in order to get a better primary stability in
postextraction sockets: this solution is certainly feasible and
viable in the posterior regions [16] but may even be coun-
terproductive in the anterior regions (characterized by high
aesthetic impact), where the contact between the implant and
the delicate buccal bone plate must be avoided, to prevent
the risk of an aesthetic failure [8, 29–31]. For these reasons,
generally, the stabilization of the postextraction implants is
obtained via an apical preparation that is brought 3-4mm
deeper than the alveolus, for a better apical engagement of the
fixture [7, 8, 30, 32, 33]. These surgical strategies are certainly
of great validity, but even better results can be obtained if
these methods are accompanied by the use of an implant
with a design (macrotopography) conceived to maximize the
primary stabilization [19, 20, 33].

In the present study on the immediate loading of single
implants placed in the anterior areas of the maxilla, almost
one-third of all fixtures (32.6%) were placed in postextraction
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sockets. Despite this, only two implants (4.6%) did not show
sufficient primary implant (ISQ < 60) and were therefore
considered failed for the immediate loading. This valuable
result was certainly possible because long implants were used
(72% of the fixtures used in this study were ≥ 13mm in
length) for a better apical engagement and stabilization in the
socket; however, the use of tapered implants with knife-edge
threads helped to obtain these positive outcomes, because this
implant design is potentially able to guarantee a valid primary
stabilization even in difficult contexts, as indicated previously
in the literature [6, 15, 20].

Immediate loading represents the second possible strat-
egy to reduce the duration of the implant-prosthetic treat-
ment and the cost of therapy: for these reasons, this pro-
cedure is more and more appreciated and requested by
the patients [9, 16]. Although the immediate loading of
implants represents today a reliable procedure in clinically
controlled contexts [9], there is no doubt that it could
represent a potential risk for treatment failure [17, 18]. In fact,
uncontrolled forces and exceeding the physiological limits,
transmitted from the crown to the implant, can interfere in
the early healing processes at the bone/implant interface and
determine the mobilization and failure of the fixture [17, 18].

In our present study, the immediate loading of single
implants installed in postextraction sockets and healed sites
gave positive clinical outcomes, with high survival rates
(100%: no implants were lost during the follow-up). The
careful treatment planning and the care and attention devoted
to compliancewith the strict surgical protocols and prosthetic
may explain the excellent results obtained here [34], with a
low (4.8%) incidence of complications (no biological com-
plications were reported; only a few prosthetic complications
were registered, with two prosthetic abutment loosening
encountered during the entire follow-up). However, once
again, the use of implants with a specific thread design and
macrotopography, able to optimize the primary stabilization,
may have contributed to the excellent clinical result obtained
in our present work. The threads of the fixtures used in this
study, in fact, result in maximized bone-to-implant contact
and compressive force resistance and minimized shear force
production: this can help in maintaining implant stability in
the immediate postplacement healing period, as previously
reported in the literature [6, 15, 20]. It should be added,
however, that in our present work, all immediately loaded
implants were subjected to a controlled load. In fact, all
temporary crowns were adjusted with light occlusal marks,
so that the occlusal surfaces were in slight static contact
with the opposite dentition but with no contact in lateral
movements, as previously described in the literature [15].This
procedure allows control and reduces in some way the forces
acting on the system, through the prosthetic restoration
[15]. In addition, in the present study, some of the single,
implant-supported crowns (12/41: 29.2%) were splinted with
the neighbouring teeth, for a period of two weeks after
surgery. These procedures were particularly important in
fresh extraction sockets: in these areas, where the primary
stabilization may be more difficult, it is generally considered
prudent to avoid overloading the fixture, to prevent the risk
of mobilization and failure [17, 18]. In fact, there must be

sufficient time to guarantee the transition from the primary
(mechanical) stabilization of the implant, to the secondary
(biological) stabilization, due to the deposition of new bone
directly on the fixture surface [17, 18]. This transition should
be as undisturbed as possible, that is, without the occurrence
ofmicromovements at the interface between the bone and the
implant, which beyond a certain thresholdmay interfere with
the phenomena of osseointegration [17, 18]. Finally, in the
present study, we have used an implant system characterized
by a specific micro/nanotopography, with a sandblasted,
microstructured surface, which was subsequently treated
with incorporation of calcium ions, to become nanostruc-
tured. The scientific literature has evidenced that the treat-
ment of implant surfaces stimulates a better and faster bone-
implant integration and rapid deposition of new bone on the
implant surface [21, 22, 24, 35]. Numerous systematic reviews
[21, 22] have shown that the treatment of implant surfaces
can be a very important strategy to reduce the conventional
healing times, thanks to an increased surface area and surface
energy, which are able to promote a better interaction with
biological fluids and blood.

The present study has limits, such as the limited number
of patients treated (and fixtures inserted) and the short
follow-up time. In addition, in this study, only implants
placed and immediately loaded in the anterior maxilla have
been included. The implants placed in the molar regions of
the maxilla were excluded from this evaluation. This is not
a trivial matter since in the posterior areas the prosthetic
load is higher, and the quality of bone is generally lower:
therefore, there may be a higher risk of implant failure, when
the immediate functional loading protocol is performed [9,
15, 16]. Finally, it must be pointed out that in the present study
in almost all cases of immediate postextraction implants, the
provisional resin crowns were splinted with the neighbouring
teeth, for a period of two weeks, in order to reduce the
possible negative effects of loading (micromotion) at the
bone-implant interface, in the first period of healing. In
conclusion, the implants inserted in this study should be
followed for a longer period of time, and further studies on
a larger sample of patients (and possibly including fixtures
placed and immediately loaded in the posterior maxilla) will
be needed before drawing more specific conclusions.

5. Conclusions

In this prospective clinical studywith a follow-up of 1 year, the
immediate loading of single implants with knife-edge thread
design and nanostructured calcium-incorporated surface
placed in the anteriormaxilla gave positive clinical outcomes,
with high survival (100%) and success (95.2%) rates. Only a
few, minor prosthetic complications (two abutment screws
became loose) were reported, for an overall complication
rate of 4.8%. Further long-term studies on a larger sample of
patients are needed to confirm these results; in addition, it
will be necessary to evaluate the effects of immediate loading
on single implants placed in the posterior areas of the maxilla
(molar regions), where the prosthetic load is higher.
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