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Abstract

Purpose: The purpose of this study was to retrospectively evaluate implant survival
rates in patients treated with the All-on-Four™ protocol according to edentulous jaws,
gender, and implant orientation (tilted vs. axial).

Materials and Methods: All Branemark System implants placed in patients fol-
lowing the All-on-Four™ protocol in a single private practice were separated into
multiple classifications (maxilla vs. mandible; male vs. female; tilted vs. axial) by
retrospective patient chart review. Inclusion criteria consisted of any Branemark Sys-
tem implant placed with the All-on-Four™ protocol from the clinical inception (May
2005) until December 2011. Life tables were constructed to determine cumulative
implant survival rates (CSR). The arches, genders, and implant orientations were
statistically compared with ANOVA.

Results: One hundred fifty-two patients, comprising 200 arches (800 implants) from
May 2005 until December 2011, were included in the study. Overall implant CSR
was 97.3% (778 of 800). Two hundred eighty-nine of 300 maxillary implants and 489
of 500 mandibular implants survived, for CSRs of 96.3% and 97.8%, respectively.
In male patients, 251 of 256 implants (98.1%) remain in function while 527 of 544
implants (96.9%) in female patients survived. Regarding implant orientation, 389 of
400 tilted implants and 389 of 400 axial implants osseointegrated, for identical CSRs
of 97.3%. All comparisons were found to be statistically insignificant. The prosthesis
survival rate was 99.0%.

Conclusions: The results from this study suggest that edentulous jaws, gender, and
implant orientation are not significant parameters when formulating an All-on-Four™
treatment plan. The high CSRs for each variable analyzed demonstrate the All-on-
Four™ treatment as a viable alternative to more extensive protocols for rehabilitating
the edentulous maxilla or mandible.

Immediate loading of all-acrylic, implant-supported prostheses
for maxillary and mandibular arches has been shown to pro-
vide numerous clinical advantages to patients and dentists.'"
Patients are able to receive fixed, full-arch restorations the same
day as implant placement, providing esthetics, comfort, and
limited function during the 3- to 6-month healing phase, all
while achieving high implant survival rates.

Traditional treatment plans typically called for a large num-
ber of implants placed in fairly vertical positions throughout the
entire arch.” However, the posterior maxilla and mandible may
have several limitations associated with this approach. In the
mandible, the inferior alveolar nerve and associated structures

may provide minimal bone for implant anchorage or prevent
the placement of implants distal to the mental foramina alto-
gether. In the maxilla, it is not uncommon to see resorption in
the posterior regions or enlargement of the sinuses.®

In the event that posterior implants could not be placed and
to compensate for these biologic limitations, a lengthy can-
tilever distal to the terminal implant was typically needed to
provide patients with adequate posterior dentitions; however,
extensive posterior cantilevers are biomechanically unfavorable
due to increased occlusal forces.””!! Alternative methods for
the maxilla, such as sinus augmentations'? or pterygomaxillary
implants'>!# have been used to establish adequate stability for
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posterior implants and decreased cantilevers. Sinus lifts often
prolong treatment time in order for graft maturation to occur.

The introduction of tilted implants®!> has provided a sig-
nificant alternative for restoration of maxillary and mandibu-
lar posterior segments without bone grafting. According to
Krekmanov et al,® posterior tilting of distal implants will reduce
cantilever lengths, broaden the prosthetic base, and improve
implant-to-bone surface areas because longer implants can be
used. In their study, tilted implants increased prosthesis length
by an average of 6.6 mm in the mandible and 9.3 mm in the
maxilla.® This resulted in better biomechanics.

The All-on-Four™ concept uses the simplicity of posterior
tilted implants to create a full-arch restoration that can be less
clinically invasive for patients. The concept was initially pro-
posed in a 2003 study'® as a treatment plan for mandibles,
since immediate function had become widely accepted in that
region. The design consisted of a fixed prosthesis supported
by four endosseous implants: two axial implants in the anterior
segment and one distal implant on each posterior segment tilted
posteriorly. All implant apices are to engage cortical bone an-
terior to the mental foramina. The increased anterior/posterior
spread!! from the tilted implants generally provides first molar
occlusion for patients with short cantilevered segments.

Edentulous maxillary jaws were initially thought to provide
a significant challenge to the protocol, as maxillary bone is
known to have decreased bone density, especially relative to
mandibular bone.'® However, Mal6 et al'” demonstrated in
2005 that maxillary All-on-Four™ rehabilitations had a cumu-
lative survival rate (CSR) of 97.6%, approximately 1% higher
than their 2003 study in the mandible (96.7% CSR).'® More
recent studies'®!® have further reinforced the viability of the
All-on-Four™ protocol as a treatment alternative for both den-
tal arches.

The purpose of this study was to retrospectively determine
if there was a significant difference in implant survival rates
relative to edentulous jaws, patient gender, and implant orien-
tation following the All-on-Four protocol in a single private
practice. Implant failures based on bone quality?® and smoking
habits were also measured. The null hypothesis for this study
was there would be no significant differences relative to im-
plant CSRs (outcome variable) in edentulous jaws, gender, and
implant orientation.

Materials and methods

A retrospective chart review was performed for all patients who
received Branemark System implants (NobelBiocare, Yorba
Linda, CA) following the All-on-Four™ protocol in a single
private practice (PI Dental Center, Fort Washington, PA). Data
compilation was performed using an implant tracking database
system (Implant Tracker; Hartford, CT). As this research in-
volved the study of existing records, and the records were made
anonymous to the investigators, IRB approval was not sought.
Inclusion criteria consisted of any implant placed in the prac-
tice in an All-on-Four™ treatment from May 2005 (the clinical
inception of All-on-Four™) until December 2011. On the day
of surgery, implants were placed and immediately loaded with
all-acrylic resin, screw-retained interim prostheses (Teeth in
a Day®). Approximately 3 months postsurgery, patients pre-
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Table 1 Master life table of implants

# of # of Survival ~ Cumulative survival
Period implants  failures  rate (%) rate (%)
0 to 3 months 800 12 98.5 98.5
3 to 6 months 776 4 99.6 98.0
6 to 9 months 737 1 99.9 97.9
9 to 12 months 660 5 99.3 97.3
1 year 588 0 100.0 97.3
2 years 375 0 100.0 97.3
3 years 168 0 100.0 97.3
4 years 93 0 100.0 97.3
5+ years 40 0 100.0 97.3

sented for definitive impressions, enabling the construction of
highly accurate master casts used for the fabrication of the
definitive prostheses. The definitive prostheses were delivered
4 to 8 weeks later.

Regarding failed implants, replacement implants were ex-
cluded from the study. A surviving (or osseointegrated) implant
was defined as an implant that remained in function and had no
clinical mobility or adverse symptoms at the time of definitive
impressions. In contrast, an implant failure was defined as an
implant that did not achieve osseointegration, as demonstrated
by patients reporting pain or discomfort or by clinical mobility
determined by the clinician. This resulted in eventual removal
of the failed implant from the patient.

All implants were classified into three groups: maxillary vs.
mandibular; male vs. female patients; and tilted (posterior) vs.
axial (anterior). Separation into each group was conducted by
reviewing postoperation radiographs and clinical notes. Life
tables were constructed to determine the CSRs. MANOVA was
performed in Microsoft Excel (Microsoft Inc., Redmond, WA)
to compare the significance in the CSRs between the edentulous
jaws, gender, and implant orientation groupings.

The number of failures based on implant type, bone qual-
ity, and smoking habits were also calculated. Bone quality was
determined subjectively by the prosthodontist placing the im-
plants, based on resistance to drilling and clinical experience.
Bone quality was quantified by types 1 to 4 according to the
Lekholm and Zarb? criteria. Smoking habits were recorded
from the initial patient work-up.

Results

One hundred fifty-two patients with 200 dental arches (800 im-
plants) were included in this study. Of the Branemark System
implants placed following the All-on-Four™ protocol during
the study period, 778 of the 800 implants successfully osseoin-
tegrated, resulting in a CSR of 97.3% (Table 1). Relative to
edentulous jaw locations, 289 of the 300 (96.3%) maxillary
implants placed remained in function (Table 2); mandibular
implants had a survival rate of 97.8% (489 of 500, Table 3).
Regarding gender, male patients had 251 of the 256 (98.1%)
implants successfully osseointegrate (Table 4), and female pa-
tients had 527 of the 544 implants integrate (96.9%, Table 5).
In the implant orientation groups, the tilted and axial implants
had equal sample sizes (n = 400); CSRs both equaled 97.3%
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Table 2 Life table for implants in the maxillary arch

Table 6 Life table for tilted implants

All-on-Four Retrospective Analysis

# of # of Survival ~ Cumulative survival # of # of Survival Cumulative survival

Period implants ~ failures  rate (%) rate (%) Period implants ~ failures rate (%) rate (%)
0 to 3 months 300 6 98.0 98.0 0 to 3 months 400 6 98.5 98.5
3 to 6 months 290 1 99.7 97.7 3 to 6 months 388 3 99.2 97.8
6 to 9 months 281 1 99.6 97.3 6 to 9 months 368 1 99.7 97.5
9to 12 months 248 3 98.9 96.3 9 to 12 months 329 1 99.7 97.3
1 year 222 0 100.0 96.3 1 year 294 0 100.0 97.3
2 years 130 0 100.0 96.3 2 years 188 0 100.0 97.3
3 years 39 0 100.0 96.3 3 years 85 0 100.0 97.3
4 years 19 0 100.0 96.3 4 years 47 0 100.0 97.3
5+years 8 0 100.0 96.3 5+ years 20 0 100.0 97.3

Table 7 Life table for axial implants
Table 3 Life table for implants in the mandibular arch

# of # of Survival  Cumulative survival
# of # of Survival  Cumulative survival Period implants ~ failures  rate (%) rate (%)

Period implants  failures  rate (%) rate (%)

0 to 3 months 400 6 98.5 98.5
Oto3months 500 6 98.8 98.8 3to6months 388 1 99.7 98.3
Sto6months 486 S 99.4 98.2 6 to 9 months 369 0 100.0 98.3
6to9months 456 0 1000 98.2 9to12months 331 4 98.9 97.3
1 year 366 0 100.0 97.8 2 years 187 0 100.0 97.3
2 years 245 0 100.0 97.8 3 years 83 0 100.0 97.3
3 years 129 0 1000 97.8 4 years 46 0 100.0 97.3
4 years 74 0 1000 97.8 5+ years 20 0 100.0 97.3
b+ years 32 0 100.0 97.8

Table 4 Life table for implants in male patients

Table 8 Number of failures based on implant dimension

Implant Number of Failure rate for specific
#of #of Survival  Cumulative survival dimension failures implant dimension (%)
Period implants ~ failures  rate (%) rate (%) Mk 111 3.75 x 13 mm 2 6.3
Oto3months 256 3 98.8 98.8 MicIll3.75 > 18 mm ! 16
3 to 6 months 241 2 99.2 98.1 Miclll 4.0 > 13 mm ! 45
6t09months 223 0 100.0 98.1 Ml 4.0 > 15 mm 3 23.7
9to 12 months 203 0 100.0 98.1 Mic1V:4.0 > 10 mm 2 2.8
1year 178 0 100.0 98.1 MicIV'4.0 13 mm 2 2.0
2 years 100 0 100.0 98.1 Mic1V'4.0 > 15 mm 6 16
3 years 40 0 100.0 98.1 Mk IV 4.0 18 mm 5 32
4 years 16 0 100.0 98.1
5+ years 8 0 100.0 98.1 Table 9 Number of failures based on bone quality
Bone Number of implants Number Failure
Table 5 Life table for implants in female patients quality in bone type of failures percentage (%)
] ] ] Type 1 25 1 4.0
_ . # of # of Survival ~ Cumulative survival Type 2 239 10 R
Period implants ~ failures  rate (%) rate (%) Type 3 479 11 23
0 to 3 months 544 9 98.3 98.3 Type 4 57 0 0.0
3 to 6 months 535 2 99.6 98.0
6 to 9 months 514 1 99.8 97.8
9t0 12 months 457 5 99.0 96.9 (Tables 6, 7). The Mark III 4.0 x 15 mm implant had the
1 year 410 0 100.0 96.9 highest failure rate (23.7%) of all specific implants used in the
2 years 275 0 100.0 96.9 study (Table 8). Type 2 bone had the highest failure rate (4.1%)
3 years 128 0 100.0 96.9 of all bone qualities (Table 9). Relative to smoking, eight im-
4 years 77 0 100.0 96.9 plants failed in two patients who were documented as smok-
5+ years 32 0 100.0 96.9 ers (Table 10). The prosthesis survival rate was 99.0%. The

CSR comparisons between dental arch, gender, and implant
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Table 10 Number of failures based on smoking status

Smoking Number of Number of Failure
status implants failures percentage (%)
Nonsmoker 668 14 2.1
Smoker 132 8 6.1

Figure 1 Preoperative panoramic radiograph of the patient elected for
maxillary and mandibular All-on-Four™ implant rehabilitation.

Figure 2 Postoperative panoramic radiograph following All-on-Four™
implant rehabilitation in the maxilla and mandible. The implants were
immediately loaded with all-acrylic resin interim prostheses.

Figure 3 Panoramic radiograph following delivery of definitive prosthe-
ses for the maxilla and mandible. The maxillary CM Prosthesis consists
of a milled titanium framework with individual lithium disilicate crowns.
The mandibular prosthesis is a milled titanium framework veneered with
acrylic resin and denture teeth.

orientation were found to be statistically insignificant
(MANOVA; p > 0.05). Examples of preoperation and post-
operation radiographs are depicted in Figures 1 and 2. Figure 3
illustrates a radiograph following delivery of the definitive pros-
theses in the same patient.
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Discussion

Immediate occlusal loading of edentulous jaws following the
All-on-Four™ protocol has been demonstrated to provide pa-
tients with functional and esthetic screw-retained interim pros-
theses the same day of surgery.’ Alternative protocols such as
sinus augmentations are available to patients and may obtain
the same definite treatment outcomes as the All-on-Four™
treatment protocols; however, these protocols require longer
healing periods, and it may not be possible to employ an im-
mediate loading protocol. The use of tilted implant placement
protocols has allowed dental practitioners to use the All-on-
Four™ concept, which provides a viable alternative to re-
store dentitions in edentulous maxillae and mandibles. Due
to the increased frequency of this protocol, as reported in mul-
tiple publications,'®'%2¢ it is important to determine if spe-
cific variables such as dental arch, gender, or implant orienta-
tion produce any significant differences in the success of the
procedure.

Regarding dental arches reconstructed with this specific pro-
tocol, this study found that the mandible produced a CSR 1.5%
higher than (Table 3), but not statistically different relative to
the maxilla (Table 2). The authors of this report suggest if cor-
tical bone is present, implants may osseointegrate despite the
arch rehabilitated. With gender, similar CSRs were obtained
in male patients (98.1%) and female patients (96.9%); these
results were also statistically insignificant.

Tilted and axial implants had identical CSRs (Tables 6, 7).
In a 2000 study,?® axial implants had a lower CSR in the maxilla
(90.2%) than tilted implants did (95.7%); however, the implants
were not immediately loaded. The authors of this article men-
tioned that the increased contact between cortical bone and
tilted implants may be the reason for the percentage difference.
The same reason could account for the high CSR reported in
the current study.

In a 2011 report by Butura et al,'® tilted implants had a CSR
of 99.8% and axial implants a CSR of 99.5% in the mandible.
A study by Graves et al'® in 2011 reported a CSR of 97.5% in
the maxilla. In both studies, the surgical procedures for implant
placement were similar, and all implants were immediately
loaded with fixed all-acrylic resin screw-retained prostheses.
The higher CSRs shown from these 2011 reports'®!® and
this current study, when compared to the original research
conducted on tilted implants,® could be due to inception of the
TiUnite?!?? surface implant. Other possible explanations for
the higher CSRs are related to immediate loading protocols and
biomechanics: the splinting effect and cross-arch stabilization.
The authors of the current study believe it is imperative that
all implants be splinted together in the immediate loading
protocol to distribute the forces throughout the entire arch.
Cross-arch stabilization of immediately loaded implants limits
micromotion to the individual implants. With optimal load
distribution through splinting, single implants avoid overload
that can lead to micromotion and prevent osseointegration.
Relative to edentulous jaws, gender, and implant orientation
results, it is suggested there are no biological or mechanical
disadvantages regarding these variables when formulating
an All-on-Four™ treatment plan when the aforementioned
splinting condition exists.
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At 3 months postsurgery, patients were scheduled for
definitive impressions to enable fabrication of the definitive
prostheses. Delivery of the definitive prosthesis typically oc-
curred 1 to 2 months later (4 to 5 months postoperative). In
this study, five implants (in two patients) failed in the 9- to 12-
month timeframe after the definitive prostheses were already
delivered; however, in both cases, all-acrylic resin definitive
prostheses were used. The all-acrylic resin prosthesis was a
cost-effective alternative to a metal framework for a definitive
prosthesis as demonstrated by Malo et al.?® Thus, a simple ma-
nipulation was achieved by removing the old abutment cylin-
ders corresponding to the failed implant sites and adding addi-
tional acrylic resin to reposition the new implant orientations
on the original prostheses. If this occurred with the definitive
prosthesis containing a metal framework, the framework must
be stripped, sectioned, and repositioned. The prosthesis sur-
vival rate for this study was 99.0%. Only two patients required
areversion back to aremovable denture, due to all four implants
failing to maintain osseointegration. In one of these, the patient
(female, 41 years) presented herself with a periodontially com-
promised maxillary dentition. An All-on-Four™ fixed immedi-
ate prosthesis was the treatment plan presented and accepted by
the patient to restore the maxillary dentition. Type 3 bone” was
observed at the time of implant placement. Ten months after
surgery, none of the four implants maintained osseointegration,
suggesting there may be a systemic issue in the bone remodel-
ing process. It was at this time that clinical mobility was noted
for all implants. The patient was a heavy smoker and refused
to quit, and continued to display poor oral hygiene, which may
also have been possible mechanisms of implant failure.

In the other specific case, the patient (female, 45 years)
presented with a chief complaint of a loose mandibular den-
ture. The patient displayed unusual jaw and muscular move-
ments that were considered a maladaptive response to the loose
mandibular denture. After the implants were placed and the
mandibular prosthesis was secured, the unusual jaw and mus-
cular movements continued. The extreme occlusal and lateral
forces caused micromotion to the immediately loaded prosthe-
sis and prohibited osseointegration from occurring, leading to
fibrous encapsulation. The patient was referred to a neurolo-
gist for evaluation and was later diagnosed with oromandibular
dystonia. The patient never returned for replacement of the lost
implants and prosthesis.

When implants fail in the All-on-Four™ protocol, tilted (pos-
terior) implants are often more difficult to replace than axial
(anterior) implants. For example, a mandibular receptor site
more distal to the original site is likely to be anatomically chal-
lenging due to the location of the mental foramina; a receptor
site more mesial will decrease the anterior/posterior spread. An
implant site buccal or lingual to the original site may be ac-
ceptable if there is sufficient alveolar ridge width for implant
placement. In the maxilla, similar challenges exist for the tilted
(posterior) implants relative to the anterior wall of the maxil-
lary sinus. In both dental arches, axial implants placed in the
anterior segments have more freedom for clinicians to move the
new implant sites mesial or distal when compared to previous
sites.

Prior research®?32° has shown protocols that use pterygo-
maxillary implants or a large number of implants have success

All-on-Four Retrospective Analysis

rates well into the 90% range; however, factors such as the
amount of occlusal surface areas differ when comparing the
All-on-Four™ concept to previous concepts. Due to their abil-
ity to provide posterior maxillary support, pterygomaxillary im-
plants typically provide patients with second molar occlusion
with no distal cantilevers being needed. The All-on-Four™
method typically provides first molar occlusion, often with the
use of a distal cantilever.

The high overall CSR for the All-on-Four™ concept (97.3%,
Table 1) in this study demonstrates similar success rates when
compared with these alternative protocols. The data in this study
suggest that the All-on-Four™ protocol as described is a treat-
ment plan that produces similar, if not higher, success rates and
allows clinicians to achieve the satisfactory immediate func-
tional and esthetic outcomes. There are also great advantages
afforded to patients in terms of postoperative comfort and de-
crease in overall treatment time.

Conclusion

The All-on-Four™ concept provides a predictable method to
restore edentulous jaws. The high implant survival rates rela-
tive to edentulous jaws, patient gender, and implant orientation
when following the All-on-Four™ protocol suggests that the
procedure is a viable alternative to restore dentitions for eden-
tulous patients.
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