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ABSTRACT

Purpose: The aims of this prospective study were to assess the treatment outcome of immediately loaded full-arch fixed
bridges anchored to both tilted and axially placed implants for the rehabilitation of the mandible and to compare the
outcome of axial versus tilted implants.

Materials and Methods: Sixty-two patients (34 women and 28 men) were included in the study. Each patient received a
full-arch fixed bridge supported by two axial implants and two distal tilted implants (All-on-Four®, Nobel Biocare AB,
Goteborg, Sweden). Loading was applied within 48 hours of surgery. Patients were scheduled for follow-up at 6, 12, 18, and
24 months, and annually up to 5 years. At each follow-up, plaque level and bleeding scores were assessed; moreover,
patient’s satisfaction for aesthetics and function was evaluated by a questionnaire. Radiographic evaluation of marginal
bone level change was performed at 1 year.

Results: The overall follow-up range was 6 to 43 months (mean 22.4 months). Forty-four patients were followed for a
minimum of 1 year. No implant failures were recorded to date, leading to a cumulative implant survival and prosthesis
success rate of 100%. Plaque level and bleeding scores showed progressive decrease over time, parallel to increase of
satisfaction for both aesthetics and function. No significant difference in marginal bone loss was found between tilted and
axial implants at 1-year evaluation.

Conclusion: The present preliminary data suggest that immediate loading associated with tilted implants could be consid-
ered a viable treatment modality for the mandible.
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and the anterior—posterior spread can be increased,
independent of the shape of the mandibular body.

Recent studies by Krekmanov and colleagues'* and
Aparicio and colleagues' showed no difference in the
marginal bone loss between tilted and non-tilted
implants placed either in the maxilla or in the mandible.

The aim of this study was to report on the 1-year
results of a prospective single cohort study evaluating
immediate rehabilitation of the completely edentulous
mandible when using four implants between the mental
foramina. A second objective was to compare tilted and
axially placed implants.

MATERIALS AND METHODS

The study was designed as a prospective single-cohort
clinical trial. Consecutively treated patients were
included and scheduled to be followed for up to 5 years
after loading. Surgical interventions were done in two
clinical centers by two experienced operators (L.F. and
E.A.) that followed the same clinical protocol.

Patient Selection Criteria

The inclusion criteria for the recruitment of the patients
were:

+ 18 years or older;

+  Patients in general good health condition, able to
undergo surgical treatment (ASA-1/ASA-2);

+  Completely edentulous mandible or mandibular
teeth with an unfavorable long-term prognosis;

+  Adequate bone height and thickness for the place-
ment of implants at least 10 mm long and 4 mm
wide without the need for bone augmentation
procedures;

+ Informed consent of the patient.

The exclusion criteria were:

+  Presence of acute infection at the implant site;
hematologic diseases; serious problems of coagula-
tion; diseases of the immune system; uncontrolled
diabetes; and metabolic diseases affecting bone,
pregnancy, or lactation;

+ Inadequate oral hygiene level (full-mouth plaque
score and full-mouth bleeding score greater than
20%) and poor motivation to maintain good oral
hygiene throughout the study;

+ Irradiation of the head or neck region, or chemo-
therapy within the past 60 months;

+  Severe bruxism or clenching

Figure 1 Pretreatment panoramic radiograph from a
50-year-old female patient showing advanced periodontal
lesions involving most of the remaining teeth and one
mandibular implant.

Preliminary screening was performed using pan-
oramic orthopantomographs (Figure 1) or computer-
ized tomographic scans. Patients eligible for inclusion
were informed of the protocol and follow-up details,
and also of the possible alternative treatments.

Surgical Protocol

One hour prior to surgery, patients took 2 g of amox-
icillin and clavulanic acid (Augmentin®, Roche, Milan,
Italy) as prophylaxis. Starting 3 days before surgery and
then daily for 7 days following surgery, chlorhexidine
digluconate 0.2% mouthwash (Curasept®, Curaden
Healthcare s.r.l., Milan, Italy) was prescribed to the
patients. All patients were sedated with 5 mg e.v. of diaz-
epam (Valium®, Roche) prior to surgery.

After preparation of the patient, local anesthesia
of the mandible with articaine chlorhydrate 4% and
adrenaline 1:100, 000 (Alfacaina N, Weimer Pharma,
Rastatt, Germany) was administered; the block of the
inferior dental nerve was usually avoided.

Implants and abutments were placed according to
a previously described protocol (All-on-Four®, Nobel
Biocare AB, Goteborg, Sweden) (Figures 1-6). To allow
an immediate rehabilitation, the implants were inserted
with a final torque of 40 to 50 Ncm. Bone quality was
assessed according to Lekholm and Zarb classification."”
Specific procedures were adopted for increasing the
primary stability of the fixtures during site preparation.
During the early phase of drilling, the clinician evalu-
ated bone density. According to this, the implant site



Figure 2 Midcrestal incision of the ridge with the flap partially
raised.

could be slightly underprepared in full length in order to
guarantee the highest implant stability.

In case one axial implant could not be inserted with
a torque 230 Ncm, immediate loading was still allowed
because this implant was splinted to adjacent stable
implants. In case either two or more of the tilted
implants or one axial implant did not achieve the
required primary stability, immediate loading was not
applied and implants were left to heal for at least 2
months before the prosthetic phase. A torque controller
(Osseocare®, Nobel Biocare AB) with a torque limit of
50 Ncm was used for implant insertion. A manual

Figure 3 Clinical view of the mental nerve.
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Figure 4 Regularization of the edentulous crest performed with
a rotating instrument.

wrench was employed in case of incomplete seating
of the implant. Countersink was avoided to engage
as much of the crestal bone as possible. A bicortical
anchorage was attempted whenever possible.

Abutments (MUA®, Nobel Biocare AB) were con-
nected to the implants (Figure 7). In particular, on distal
implants, abutments angulated of 30 degrees with
respect to the long axis of the fixture were positioned to
obtain an optimal orientation for the prosthetic screw
access. These abutments emerged at the second premo-
lar position. Straight abutments were placed over
the anterior implants. After positioning the coping, the
soft tissues were sutured with a 5-0 resorbable suture
(Monocryl or Vicryl, Johnson & Johnson, St-Stevens-
Woluwe, Belgium).

An impression was taken utilizing a silicon putty
polyvinilsyloxane (Elite Implant Impression Material,
Zhermack®, Badia Polesine, Rovigo, Italy) directly on
the coping. Then, four healing caps were placed upon
the multiunit abutments.

Figure 5 Insertion of the posterior implant.
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Figure 6 Clinical view with all the implants and the Mal6
Guide in place.

Analgesics and anti-inflammatory drugs (Napross-
ene Sodico, Synflex Forte®, Recordati, Milan, Italy) were
prescribed post-surgery in case of pain. Ice packs were
provided.

Acrylic temporary prosthesis with 10 teeth was
delivered within 48 hours (Figures 8 and 9). Healing
caps were removed, and the prosthesis was placed over
the abutments. Screws were tightened over the MUA
with a torque of 10 Ncm, following the manufacturer’s
instructions. All centric and lateral contacts were
assessed by a 40 um articulating paper (Bausch Articu-
lating Paper, Nashua, NH, USA) and adjusted if neces-
sary until they were present only between 33 and 43,
according to Mal6 protocol.”” The screw access was
then covered with provisional resin cement (Fermit-
N®, Ivoclar Vivadent AG, Schaan, Liechtenstein). The
complete prosthesis was allowed to obtain stabilization
of implants in order to avoid the risk of overcoming

Figure 7 Positioning of the 30 degrees Multi-Unit® abutments
on the left posterior implant.

Figure 8 Occlusal view of the immediate provisional prosthesis.

the micromovement threshold, thereby impairing
osseointegration.'®

At the time of prosthesis delivery, a panoramic
radiograph was made to check implant position and the
coupling between prosthetic components.

The patients were scheduled for weekly control
visits during the first month. During each visit, pros-
thetic functionality and tissue healing were evaluated.
Every 3 months, oral hygiene level was evaluated.

After surgery, patients were instructed to avoid
brushing and any trauma to the surgical site. A cold and
soft diet was recommended for the first day, and a soft
diet for the first week.

After 4 to 6 months of loading, in the absence of
pain and inflammatory signs, the patients received the
final prosthesis, fabricated by means of the CAD-CAM
Procera® system (Nobel Biocare AB) (Figures 10
and 11).

The patients were scheduled to be followed up for
60 months to collect information on the long-term
prognosis of such rehabilitative protocol.

Figure 9 Frontal view of the immediate prosthesis with a
resorbable suture.



Figure 10 Occlusal view of the definitive prosthesis.

Data Collection and Follow-Up

Information on bone quality and quantity, implant
characteristics, insertion torque, and the presence of
dehiscences or fenestrations was noted on apposite
form at surgery. Interimplant distances and cantilever
lengths were measured for both provisional and final
prosthesis.

Follow-up visits were scheduled every 6 months for
the first 2 years, and yearly thereafter up to 5 years. At all
follow-up visits, periapical radiographs using a parallel-
ing technique and an individual X-ray holder were per-
formed for evaluation of peri-implant bone level change
over time. A panoramic radiograph was also taken at the
1-year follow-up to evaluate overall bone level and con-
dition (Figure 12).

Plaque index and bleeding index were evaluated at
the implant level. Each implant was examined on four
aspects (mesial, distal, vestibular, lingual). Any site in
which plaque could be detected by the naked eye or with
a probe accounted for 6.25% (1/16) of the total score
(100%), independent of the amount of plaque. The
same was made for bleeding index, considering positive
any site that showed bleeding on probing.

Figure 11 Frontal view of the definitive prosthesis.
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Figure 12 One-year posttreatment panoramic radiograph.

Mobility of the prosthetic structure and occlusion
were also checked. Any complication with the prosthetic
components was noted.

Finally, the patients’ satisfaction was assessed by
means of a questionnaire.

At the 1-year follow-up visit, the prostheses were
removed and the stability of each implant was tested
with the pressure of two opposing instruments.

The outcome measures evaluated for the present
study were:

1. Prosthesis stability: prosthesis in function, without
mobility and pain. Prosthesis stability was tested by
means of two opposing instruments’ pressure.

2. Prosthesis failure: prosthesis removed for any
reason.

3. Implant survival: no evidence of peri-implant radi-
olucency on periapical radiographs, no suppuration
or pain at the implant site or ongoing pathologic
processes, and absence of complaint of neuropa-
thies or persistent paresthesia."

4. Marginal bone level change: Fach periapical radio-
graph was scanned at 600 dpi with a scanner (Epson
Perfection Pro, Epson Italia, Cinisello Balsamo,
Milan, Italy), and the marginal bone level was
assessed with an image analysis software
(UTHSCSA Image Tool version 3.00 for Windows,
University of Texas Health Science Center in San
Antonio, TX, USA) by an independent blinded
evaluator. Implant neck was the reference for each
measurement. Mesial and distal values were aver-
aged so as to have a single value for each implant.
Bone loss around tilted and axial implants was com-
pared by using paired #-test. The value p =.05 was
considered as the level of significance.
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TABLE 1 Implant Distribution According to Implant
Type and Length

11.5 mm 13 mm 15 mm Total
Mk IV 2 32 82 116
Speedy 4 21 107 132
Total 6 53 189 248

RESULTS

Patient Demographics

From March 2004 to May 2007, a total of 62 healthy
patients (34 women and 28 men; mean age 56 years;
range 35 to 77 years) have been rehabilitated with an
immediately loaded implant-supported fixed mandibu-
lar prosthesis supported by four implants.

Twenty-five patients (40.3%) were smokers (average
daily consumption: 5.6 cigarettes), with six of them
smoking more than 20 cigarettes per day.

Patients had different types of opposing dentition:
removable prostheses (27 cases), natural teeth (eight
cases), natural teeth and fixed prostheses on natural
teeth (eight cases), fixed prostheses on natural teeth
(three cases), implant-supported bridges (nine cases),
natural teeth and two implant-supported bridges (four
cases).

In total, 248 implants were inserted. Table 1 reports
the distribution of implants according to type and
length. All implants had a diameter of 4 mm. Forty
implants were placed in fresh extraction sockets of 30
patients. Of these, 20 were tilted implants that only
partially engaged the extraction socket. One hundred
and sixteen implants were Branemark System® Mk IV
(mean insertion torque 46.72 +4.71), while 132 were
NobelSpeedy™
49.39 + 2.38).

Table 2 shows the distribution of bone quality and

Groovy® (mean insertion torque

quantity at implant sites.

All patients could be rehabilitated according to the
immediate loading protocol within 48 hours of surgery,
as planned.

Complications

One patient reported a light ipoesthesia on the left
side of the lower lip after surgery which resolved after
6 months.

TABLE 2 Implants in Relation to Bone Quality and
Quantity*

Bone Bone Quality

Quantity 1 (%) 2 (%) 3 (%) 4  Total (%)
A 10 (4) 17 (7) 30 (12) 0O 57 (23)
B 14 (5) 42 (17) 14 (6) 0 70 (28)
@ 54 (22) 27 (11) 6(2) 0 87 (35)
D 24 (10) 10 (4) 0 0 34 (14)
E 0 0 0 0 0
Total 102 (41) 96(39) 50(20) O 248

*According to Lekholm and Zarb’s classification.!”

The most frequent prosthetic complication was the
fracture of the acrylic prosthesis that occurred in seven
cases (11%). To date, no fracture of the definitive pros-
theses has been reported.

Survival Rates

The mean follow-up duration was 22.4 months. No
implant was lost to date, so the cumulative implant sur-
vival rate was 100%. No prosthetic failure occurred,
resulting in 100% prosthesis stability, as from Table 3.

Peri-implant bone loss after 1-year follow-up could
be evaluated for 30 patients (n = 60 implants per group).
This parameter averaged 0.7 £ 0.4 and 0.7 £ 0.5 mm for
axial and tilted implants, respectively. Such difference
was not significant (p >.05). At the I-year visit, all
implants were stable according to the opposing instru-
ment pressure test.

Table 4 shows plaque and bleeding scores recorded
during scheduled controls.

From 26 patients, the mean cantilever value for
the right side was 7.23+1.27 mm (SD) and 14.46 £
1.68 mm for the immediate and final prostheses,

TABLE 3 Life Table Analysis of Surviving Implants

Functioning implants

Time Period (months) (%)
Loading—6 248 (100)
6—12 248 (100)
12-18 176 (71)
18-24 164 (66)
24-36 112 (45)
36-48 40 (16)
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TABLE 4 Plaque Index and Bleeding on Probing Index

6 months
(48 Patients)

12 months
(42 Patients)

18 months
(30 Patients)

24 months
(21 Patients)

13.28 £5.99
3.391£4.82

PI (%)
BoP (%)

8.92+7.19
1.64+3.1

4.93+£3.97
0.42 +1.59

3.12+3.68
0.57 £1.88

Data are expressed as percentages as detailed in the text.

respectively, while for the left side it was 6.84 £ 1.62 mm
for the provisional prosthesis and 14.65+ 1.72 mm
for the definitive restoration. No difference was found
between the left and right side values at each evaluation.

DISCUSSION

Noncontrolled trials are not the ideal study design to
assess the efficacy of a clinical procedure. However, they
can provide useful information on the prognosis of a
specific type of intervention. Nevertheless, any compari-
son with alternative techniques must be avoided as this
would lead to biased conclusions.

Early and immediate loading procedures are widely
documented in the dental literature and are comparable
to conventional loading in many clinical situations.'”

The trend for most medical procedures is to reduce
treatment time and simplify clinical protocols. The last
frontier in implant dentistry is represented by reducing
the number of implants supporting a prosthetic reha-
bilitation, as well as the time elapsing between implant
placement and prosthetic loading. The lowest number
was proposed with the Brdnemark Novum concept, in
which only three implants were used. However, such
protocol was targeted only to a restricted population of
patients because of the very selective morphological and
anatomical requirements.””* The results of the present
investigation are in line with previous clinical reports in
which fixed bridges supported by four implants were

122425 or immediate® reha-

successfully used for the early
bilitation of fully edentulous mandibles.

Most clinical articles point out that one of the
key factors for successful immediate rehabilitation is
adequate implant primary stability. The latter can be
achieved by using osteoconductive implant surfaces in
combination with a modified preparation of the implant
site. It is probably critical to reduce micromovements at
the implant-bone interface in order to achieve and
maintain osseointegration over time in immediate
loading procedures.'®* Therefore, a rapid splinting of
implants with a fixed bridge is important.

The optimal position and inclination of implants
have also been investigated by several authors. Some
biomechanical advantages of using tilted implants
have been identified: obtainment of a wide anterior—
posterior spread, avoidance of long cantilevers, and
achievement of a favorable distribution of the occlusal
load." It could also be speculated that tilted implants
can be placed and anchored with greater cortical bone
contact than axial ones, thereby achieving good primary
stability.

Tests on models” and by finite element (FE) analy-
sis® performed on single angulated implants showed that
tilting implants may increase the stress to surrounding
bone. Tilted fixtures may also be subjected to bending,
possibly increasing the marginal bone stress.”” However,
when the implant belongs to a multiple implant-
supported prosthesis, the spread of the implants and the
rigidity of the prosthetic structure should reduce the
bending.”® In a two-dimensional FE analysis, Zampelis
and colleagues® evidenced that distal tilting of implants
splinted in a fixed restoration did not increase the stress
in the marginal bone compared to axial implants.

14163233 3 Timited incli-

According to some authors,
nation of an implant (between 15 and 30 degrees) has no
deleterious effect for the load transfer to the surround-
ing bone.

Strain gauge measurements performed by Krek-
manov and colleagues'* showed no significant differences
in forces and bending moments between tilted and non-
tilted implants. Moreover, theoretical models show that
an increased prosthetic base, because of the inclination
of the implants, can reduce the force acting over the
implants.'* Therefore, from a biological point of view, the
position of the neck of the implant can be more impor-
tant than the inclination of the implants themselves.

Care must be paid to the preparation of the tilted
implant sites because of the closeness of the mental
nerve. It is important to identify and isolate the nerve’s
foramen and to carry out a clinical and radiographic
evaluation of its loop. The latter in fact represents the
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posterior limit of intraforaminal implant rehabilitation.
In our clinical experience, we found wide differences in
the shape and in the length of mental nerve loop.

Another critical step is the placement of the angu-
lated abutments for posterior implants. A countersink-
ing is often required distally to the implant’s neck to
facilitate abutment placement. It is difficult to say if the
advantages of using tilted implants and angulated abut-
ments can overcome technical difficulties of the proce-
dure and slightly greater material cost as compared to
using four axial implants. However, in the present
investigation, no implant failure occurred and a very
limited peri-implant bone loss was observed over the
follow-up period, suggesting that from a clinical and
biological standpoint, the technique can be successfully
used.

Concerning the incidence of fracture of the acrylic
prostheses (11%), in the present study it was slightly
lower than that reported by Mal6é and colleagues"
(27%). Such complication occurred exclusively in men
with a short face morphotype, mostly between 4 and 6
months of function. It can be speculated that one of the
possible causes for such inconvenience was the progres-
sive shift from a soft diet to a diet including hard food.
Progressive wear of the resin because of repeated
deglutition and mastication cycles can also be a factor in
the genesis of provisional prosthesis fracture. It was
noted that six out of seven fractures occurred close
to one of the temporary abutments of the anterior
implants, which is a weak point of the structure. Frac-
tures were always repaired by the clinician without
dispatching the prostheses to the laboratory, avoiding
further discomfort to the patient. No correlation was
found between such fractures and the type of opposing
dentition.

We noted a progressive decrease in plaque and
bleeding index. We believe that the contribution of
dental hygienists was important not only for profes-
sional cleaning, but also for their active role in patient’s
education and motivation to maintaining optimal levels
of oral hygiene.

In addition, the refined metal structure of the final
prosthesis was less retentive for plaque with respect to
the acrylic resin of the provisional prosthesis. Finally,
cleaning can be considered easier as compared to other
types of rehabilitation based on a greater number of
implants, because of the presence of less implant sur-
faces to be cleaned and the wider interimplant distance.

CONCLUSION

The preliminary results of the present prospective study
are positive and in agreement with a previous retrospec-
tive study."

The present study showed good clinical outcomes
when using two tilted and two axial implants and a fixed
prosthesis for rehabilitation of the edentulous mandible.

Minimal incidence of surgical complications, high
implant and prosthesis survival rates, and improved
levels of oral hygiene throughout the study suggest that
the use of two tilted and two axial implants is a predict-
able technique for prosthetic rehabilitation of the eden-
tulous mandible. However, long-term data are needed to
confirm this statement.
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