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SUMMARY
Purpose. To evaluate the 3-year clinical and radiographic outcomes of partially edentulous patients treated with immedi-
ately loaded tilted implants, combined with angulated screw channel (ASC) zirconia abutments.
Materials and methods. Any patient requiring an implant-supported fixed dental prosthesis for the rehabilitation of the at-
rophic posterior maxilla and refusing guided bone reconstruction was considered eligible for this study. Two to three im-
mediately loaded flapless implants, combined with immediately placed ASC abutments were placed for each patients. Six
months after implant placement/loading a definitive prosthesis was placed. Outcomes were: prosthesis and implant fail-
ures, complications, and peri-implant bone level changes. Outcomes were recorded at implant placement/loading and yearly
up to 3-year later.
Results. Twenty-three anodized implants and ASC zirconia abutments were placed in 10 consecutive participants (mean
age 57.2 years) with severe atrophy of the posterior maxilla, by using computer-guided template-assisted surgery. The
mean follow-up period was 38.2 months. No patients dropped out. The prosthesis and implant cumulative survival rate
was 100%. No biologic or technical complications were experienced during the entire follow-up. Mean marginal bone lev-
els were 0.29±0.34 mm at implant placement and loading, 0.37±0.32 mm at the 1-year follow-up (difference 0.08±0.11
mm; p=0.002),  0.38±0.33 mm at the 2-year follow-up (difference between the 1- and 2-year follow-up 0.02±0.08 mm;
p=0.295), and 0.50±0.42 mm at the 3-year follow-up (difference from implant place-ment 0.22±0.22 mm; p=0.000).
Conclusions. Guided surgery and immediate loading of ASC zirconia abutment is an effective and reliable treatment op-
tion for the treatment of the partially edentulous posterior atrophic maxilla. Further RCT studies are needed to better un-
derstand the gold standard approach in such patients.
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Introduction
The progressive resorption of the alveolar bone,
pneumatization of the maxillary sinus, sinus
pathologies, and poor quality of residual alveo-
lar bone, poses significant difficulty for place-
ment of implants in edentulous maxillary jaw
without preliminary reconstructive procedures.
The remaining bone height is insufficient to sup-
port dental implants, and the sinus floor has to
be augmented in order to obtain acceptable bone
volume for implantation. Such invasive treat-
ment exposes the patient to the risk of increased
postsurgical morbidity. Financial costs and heal-
ing periods are increased as well (1-3).
There are different treatment options for the
treatment of posterior atrophic maxilla, such as
sinus lift surgery, short implants, distal can-
tilevers, or zygomatic implants. The clinician al-
so has another possibility to ensure a distal pros-
thetic support while avoiding grafting proce-
dures, by placing implants tilted distally and
mesially parallel to the anterior and posterior si-
nus wall respectively. The advantages of such
implant placement are now well known. First,
the possibility of using the entire residual crestal
bone enables the placement of longer implants,
in order to have an increased bone anchorage
and bone-to-implant contact (BIC). Further-
more, it provides a longer inter-implants dis-
tance reducing or totally eliminating distal can-
tilever and resulting in a better implant load dis-
tribution. Several prospective studies and sys-
tematic reviews concerning the use of tilted im-
plants reported high implant and prosthetic sur-
vival rates as well as no adverse effect on bone
resorption (4-12). However, while the results of-
fered by this treatment are encouraging, it
should be highlighted that a high level of surgi-
cal skill of the surgeon is crucial, as has been de-
scribed before in the literature (6).
A screw-retained restorative connection repre-
sent many advantages: minimal interocclusal
spaces, highly hygiene maintenance as it can be
easy removed, repaired and surgical interven-
tion, absence of subgingival cement (13). How-
ever this type of restoration requires a careful

prosthetically driven implant planning, since the
implant position would affect the screw access
hole position. Angulated abutment can be used
in divergent implants axis, when a cement-re-
tained prosthesis is adopted. This prosthetic so-
lution would be advisable especially when an
implant is tilted too far labially and the screw ac-
cess channel involves the vestibular faces or in-
cisal edges of the restoration which can compro-
mise the esthetics. An angulated screw channel
(ASC) abutment allows to further compensate
divergence up to 25 degree, and use a screw-re-
tained restoration when a cement-retained one
would have been otherwise recommended in or-
der not to affect esthetics of the prosthetic work.
At the same time, especially for posterior re-
gions and/or in case of reduced mouth opening,
this prosthetic solution would make easier and
faster the tightening procedure.
Computer-guided technology improves accuracy
of implant placement and minimizes anatomic
limitations as well as addresses prosthetic needs
with a minimally invasive approach. Moreover,
divergent implants can be planned from the be-
ginning, and the prosthodontic solutions can be
simulated via virtual abutments (6, 14).
The aim of this research was to investigate 3-
year data from atrophic maxillary patients reha-
bilitated with angulated screw channel (ASC)
zirconia abutments, placed on the day of surgery,
to support a cemented-retained fixed dental
prosthesis (FDP). This study followed the
STROBE (STrengthening the Reporting of OB-
servational studies in Epidemiology) guidelines. 

Materials and methods
This study was designed as a single cohort
prospective observational study. From October
2013 to May 2014, any partial edentulous pa-
tients presenting atrophic posterior maxilla, and
requiring an implant-supported FDP was consid-
ered eligible for this study. The research was
performed according to the guidelines derived
from the 2008 amended Helsinki Declaration.
All subjects were informed about the study pro-
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tocol and signed a consent form. Patients were
treated in a private centre located in Rome
(Italy). One clinician (MT) performed all surgi-
cal and prosthetic procedures, while two dental
laboratories manufactured all the restorations.
Healthy patients aged 18 years or older, who
presented partial edentulism of the posterior
maxilla, with Cawood-Howell Class V or VI, re-
fused guided bone reconstruction, and able to
understand and sign an informed consent form,
were consecutively enrolled in this study. Hope-
less teeth had to have been extracted at least 4
months before implant placement. Exclusion cri-
teria are summarized in Table 1.
Patient medical histories, initial radiographs and
models were collected for initial screening and di-
agnosis (Figure 1). Eligible patients received a
cone beam computed tomography (CBCT) scan
according to a double-scan protocol. Virtual im-
plant planning was performed placing implants in
the anterior and posterior sinus wall area, avoid-
ing any bone reconstruction procedures (15).
On the day of the surgery, two to three immedi-
ately loaded flapless implants (NobelReplace
Conical Connection; Nobel Biocare AG, Göte-
borg, Sweden) were placed for each patients, us-
ing a computer-guided template assisted surgery
(NobelClinician; Nobel Biocare AG). All im-
plants were placed following a previously pub-
lished protocol (14). Implant position and angula-
tion were guided by the prosthetic emergence pro-
file of the radiographic templates, derived from

the diagnostic wax-up (Figure 2). Implants were
placed both axially and tilted, in both the anterior
and posterior sinus wall area, and in the tuberosi-
ty-pterygoid area, according to Pozzi et al. (6).
Orientation of the internal hexagon of each im-
plant was chosen using a red line marked by the
dental technician (Figure 3).

Surgical protocol
Before implant placement, surgical templates
were used to fabricate master casts. Definitive
white or shaded angulated screw channel (ASC)
abutments were customized starting from the di-
agnostic wax-up, and digitalized using an optical
scanner (NobelProcera, Nobel Biocare AG). All
the computer aided design/computer aided man-

Table 1 - Exclusion criteria.

American Society of Anesthesiologist (ASA) class III or IV

Psychiatric contraindications

Pregnancy or nursing

Alcohol or drug abuse

Heavy smoking (>10 cigarettes/day)

Radiation therapy to head or neck region within 5 years

High and moderate parafunctional activity

Untreated periodontitis (full mouth bleeding and full mouth
plaque index higher than or equal to 25%)

Immediate post-extractive implants

Unavailability for regular follow-ups

Figure 1
Pre-operative photograph, lateral view.

Figure 2
Radiographic guide (light blue) designed without any pros-
thetic flange in the area to be restored.
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ufacturing (CAD/CAM) ASC abutments were
made in zirconia with a metal adaptor (Figure 4).
Before surgery, each patient underwent profes-
sional oral hygiene and received specific in-
structions to rinse their mouth with chlorhexi-
dine mouthwash 0.2% (1 minute, twice a day,
three days prior to the surgery) (Corsodyl, Glaxo-
SmithKline, Verona, Italy). Two grams of amox-
icillin and clavulanic acid (Augmentin, GlaxoS-

mithKline, Verona, Italy) or clindamycin, 600
mg, if allergic to penicillin (Dalacin, Pfizer Sol-
lentuna, Sweden) were administered prophylac-
tically 1 hour prior to surgery and continued for
6 days. Local anesthesia was induced using a 4%
articaine solution with epinephrine 1:100,000
(Ubistein; 3M Italy SpA, Milan, Italy). All the
implants were placed flapless with the aid of a

surgical template, derived from the virtual plan.
Immediately after implant placement, the defin-
itive abutments were cleaned in an ultrasonic
bath with a chlorhexidine gluconate 5% solu-
tion, and then steam-cleaned for 30 seconds. Fi-
nally, the prefabricated CAD/CAM ASC abut-
ments were screwed to the implants at 35 Ncm
(Torq Control; Anthogyr, Sallanches, France).
The interim acrylic restorations were cemented
using a non-eugenol temporary zinc-oxide ce-
ment (TempBond NE; Kerr Dental, Switzerland)
(Figure 5).

Prosthetic protocol
Three months after implant placement and load-
ing, conventional polyvinyl siloxane impres-
sions were taken using a 00 or 000 size retrac-
tion cord (Ultrapack; Ultradent Products Inc,
South Jordan, Utah) wetted with 0.9% sodium
chloride solution, for the mucosal displacement.
Previously duplicated polyurethane abutments
were repositioned in the definitive impression
(16). Six months after the initial loading, defini-
tive white or shaded CAD/CAM zirconia frame-
works (NobelProcera Implant Bridge Zirconia,
Nobel Biocare AG), veneered with feldspathic
porcelain were cemented (Clearfil SA Cement;
Kuraray Europe GmbH, Frankfurt, Germany)
according to the manufacturer’s instructions and
a previously published protocol (17). Before ce-
mentation, a thin layer of petroleum jelly (Vase-
line; Unilever, Italy) was applied over the exter-

Figure 3
Surgical template fixed in the patient’s mouth. Red lines al-
low the clinician to accurately choose the internal hexagon
orientation in the same position as the implant analogs of the
master casts.

Figure 5
Panoramic view with the immediately loaded implants.

Figure 4
Definitive zirconia ASC abutments with the metal adaptors
and the laboratory (blue) and clinical (black) screws.

© C
IC

 Ediz
ion

i In
ter

na
zio

na
li



ORAL & Implantology  -  Anno XI - N. 2/2018

or
ig

in
al

 r
es

ea
rc

h 
ar

tic
le

110

nal marginal contour of every restoration to re-
duce cement adhesion over the external surface
and to facilitate removal excess cement.
Occlusion and oral hygiene were carefully
checked, then the patients were enrolled in an
oral hygiene program and occlusion checks with
recall visits every 4 months (Figure 6). Follow-
up visits were scheduled annually up to 3 years
after implant placement/loading (Figure 7).

Outcomes
Primary outcome measures were:
• Prosthesis failure: planned prosthesis which

could not be placed, or loss of the prosthesis
secondary to implant failure, or any prosthe-
sis which had to be replaced.

• Implant failure: implants which had to be re-
moved at implant insertion due to lack of sta-
bility, implant mobility, removal of stable im-
plants dictated by progressive bone resorp-
tion or infection, and any complications (e.g.
implant fracture) that make the implant unus-
able.

• Any biological or prosthetic complications.
Secondary outcome measure was:
Peri-implant marginal bone levels were evaluat-
ed on periapical radiographs taken with the par-
alleling technique at implant placement/loading
(baseline), 1, 2 and 3 years after loading. The
distance from the mesial and distal margin of the
implant neck to the first bone to implant contact
were measured using a dedicated software (Dig-
ora for Windows 2.8, SOREDEX, Tuusula, Fin-
land) that was calibrated to the nearest 0.1 mm
for every single image against the space between
two threads, and averaged at patient level. An in-
dependent assessor (GS), not previously in-
volved in the study, evaluated all the radiographs.

Statistical analysis
A descriptive analysis was performed for conti-
nuous data using mean±standard deviation (SD),
median and 95% confidence interval (CI) (SPSS
for Mac OS X version 22.0; SPSS, Chicago, IL,
USA). Comparisons between each timepoint
were made for each group by paired t test. All
statistical comparisons were two-tailed and con-
ducted at the 0.05 level of significance. The pa-
tient was used as the statistical unit of the analysis.

Results
At the 3-year follow-up examination ten consec-
utive participants (females=6, males=4) with 23
implants 10 to 16 mm long, and the same num-
ber of angulated screw channel zirconia abut-
ments, were consecutively included in this study.
At the time of implant insertion, the patients’age
ranged from 38 to 72 years (mean age 57.2

Figure 6
Definitive CAD/CAM zirconia frameworks, veneered with
feldspathic porcelain.

Figure 7
Panoramic view with the definitive restoration.
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years). Only one patient included in the study
presented a slight smoking habit (< 10 cigarettes
per day). Patient’s characteristics and interven-
tion are summarized in Table 2.
During the entire follow-up period (range 36-44,
mean 38.2 months), no drop-out occurred. All
prostheses were stable and all implants remained
osseointegrated, stable, and showed no sign of
infection. Three years after loading, the implant
and prosthesis cumulative survival rates were
100%. No biologic or technical complications
occurred.
At baseline, the mean marginal bone level was
0.29±0.34 mm. At 1 year after implant place-
ment and loading, the mean marginal bone level
increased to 0.37±0.32 mm, and remained stable
at the 2-year follow-up with the mean marginal
bone level of 0.38±0.33 mm. At the last follow-
up (3-year), the mean marginal bone level was
0.50±0.42 mm. During the entire follow-up peri-
od, the mean marginal bone remodeling was

0.22±0.22 mm. The main results are summarized
in Table 3.

Discussions
The aim of this prospective cohort study was to
investigate, over a 3-year loading period, the
clinical and radiological performance of imme-
diately loaded implants placed both axially and
tilted in the posterior atrophic maxilla, and com-
bined with angulated screw channel (ASC) zir-
conia abutments placed the same day of surgery.
In the present study none of the implants or pros-
thesis failed and the 3-year after loading mean
marginal bone remodeling was  0.10±0.14 mm
(95% CI -0.06–0.06 mm). The major clinical
conclusion of this prospective study was that the
use of tilted implants in combination with ASC
abutments may be considered an effective and

Table 2 - Patient characteristics and interventions.

Total

Patients (n) 10

Gender
Male 4 (40%)
Female 6 (60%)

Mean age at implant insertion 57.2

Smokers (<10 cigarettes/day) 1 (10%)

Implants 23

Implant angulation
Axial 12 (52.2%)
Tilted 11 (47.8%)

Implant platform
Regular platform (4.3 mm) 15 (65.2%)
Narrow platform (3.5 mm) 8 (34.8%)

Implant length
10 mm 3 (13.1%)
11.5 mm 5 (21.7%)
13 mm 6 (26.1%)
16 mm 9 (39.1%)

Implants per patient (mean) 2.3
Patients rehabilitated with 3 implants 3 (30%)
Patients rehabilitated with 2 implants (according to Type 3 by Pozzi et al.) 2 (20%)
Patients rehabilitated with 2 implants (according to Type 4 by Pozzi et al.) 5 (50%)
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safe alternative to maxillary sinus floor augmen-
tation procedures when patients refuse bone re-
construction procedures. The results of the pres-
ent research are slightly better than the results of
a milestone manuscript published by Aparicio
and colleagues in 2001 (4). A possible explana-
tion of this result could be that the Authors used
external hexagon implants combined with con-
ventional abutments. On the other hand, in the
present study, immediately placed and loaded
definitive abutments, screwed onto conical con-
nection implants with platform switching con-
cept were used. According to previously pub-
lished randomized controlled trials, marginal
bone levels were better maintained at implants
restored according to the platform-switching
concept (18-21). Furthermore, 3-year results of a
randomized controlled trial suggest that the im-
mediate positioning of a definitive abutment
may be a possible way and strategy to minimise
peri-implant crestal bone resorption of the im-
plants (22). Other difference between the present
investigation and the previously reported
prospective study is that a different implant-
abutment connection was used for the prosthetic
work. Data from other two RCT suggested that
internal conical connection results in lower mar-
ginal bone loss compared with the well proven
external hexagon implant-abutment interface
(19, 20).
Pozzi et al. in 2012 (6) published an interesting
prospective study reporting data from both tilted

and axial immediately loaded implants, placed
using guided surgery, for the treatment of the
posterior partially edentulous atrophic maxilla.
Although ASC abutments were not then avail-
able, definitive CAD/CAM titanium and zirco-
nia abutments were screwed on external hexa-
gon implants. At the 3-year follow-up examina-
tion, the cumulative implant survival rate was
96.3%. Mean marginal bone loss from implant
insertion to 3 years was 0.6±0.3 mm.
The main limitation of the present study was the
small sample size that may have obscured some
important information. Although no comparison
was made between axial and tilted implants, Del
Fabbro and Ceresoli, in a recent systematic re-
view, found that tilting the implants does not in-
duce significant alteration in crestal bone level
change as compared to conventional axial place-
ment after 1 year of function, even if long-term
data is still scarce (5). These results were confir-
med in a recent systematic review and meta-ana-
lysis by Monje et al. (10). However, data from a
recent prospective study found a significant cor-
relation between implant angulation and annual
bone loss for tilted implants but not for axial im-
plants (7). Although a different kind of matched
abutment was used (preangled or custom-angled
abutment, and standard abutments), possibile ex-
planations were that 9 out of 29 patients were
bruxers and 4 out of 29 prostheses had a cantile-
ver (7). 
To the best of our knowledge, at the time of wri-

Table 3 - Mean marginal bone levels after loading (mm).

Mean±SD (95% CI) Difference Mean±SD (95% CI) P Value

Baseline1 0.29±0.34 (-0.04–0.24)

1 year 0.37±0.32 (0.17–0.43) 0.08±0.11 (0.06–0.32)2 0.0023

2 years 0.38±0.33 (0.27–0.53) 0.02±0.08 (-0.03–0.03)4 0.2955

3 years 0.50±0.42 (0.23–0.57) 0.12±0.19 (0.02–0.18)6 0.0066

Overall 0.22±0.22 (0.11–0.29)7 0.0007

1 Implant placement and loading
2 Difference between baseline and 1-year follow-up
3 No significant difference (p >0.05)
4 Difference between 1- and 2-year follow-up
5 Significant differences (p >0.05)
6 Difference between 2- and 3-year follow-up
7 Difference between baseline and 3-year follow-up
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ting this article, there were no other published
studies reporting data on immediately loaded
implants placed in combination with angulated
screw channel zirconia abutments. This makes it
difficult to evaluate how the present results fit
with other comparable studies. There is a recent
cases presentation published by Gjelvold et al.
(23). This article presents three examples of sin-
gle labially tilted implants restored with screw-
retained single crowns cemented on customized
angulated screw channel abutments used to
avoid an unesthetic vestibular access channel.
Nevertheless, the Authors did not draw any
conclusions due to the small sample size and the
very short follow-up period.
In the present study no prosthetic complications
were experienced. Angulated screw channel
abutments allow for angulation of the screw ac-
cess channel up to 25°. These advantage en-
abling cement retained restoration to correct im-
plant angulation. Computer-guided technology
allows the clinician to pre-operatively plan the
placement of the ASC abutment in combination
with tilted implants. Divergence between im-
plants can be measured and the prosthodontic
solution can be planned according to the ap-
proved wax-up, combining the prosthetic needs
with a minimally invasive approach. Further-
more, angulated screw channel abutments may
also be used in case of limited interocclusal
space to allow easier tightening of the abutment
screw.
Finally, the presence of the metal adaptor increase
the maximum join compression, avoiding risk of
fracture even in case of high occlusal force, over-
coming the possible mechanics drawbacks of the
one-piece zirconia abutments (24-26).

Conclusions
Immediately loaded tilted and axial implants
combined with ASC zirconia abutments may be
considered an effective and reliable treatment
option in patients refusing sinus lift surgery. Fur-
ther randomized controlled trials with longer
follow-up are needed.
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