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A single centre retrospective review
of 25 patients treated for full arch
edentulism with the All-on-4® concept
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SUMMARY

Purpose
To establish the outcomes and their reproducibility for the
All-on-4® treatment protocol for full arch edentulism.

Materials and Methods

A retrospective observational cohort study of patients
treated at a surgical private practice. Primary outcomes
were three year cumulative implant and prosthesis
survival. Secondary outcomes were surgical or pros-
thetic complications not resulting in implant or prosthe-
sis loss. Marginal bone loss, measured on standardized
panoramic radiographs was recorded if the loss exceed-
ed Albrektsson’s standards (less than 1mm in the first
year and maximum of 0.2 mm per year thereafter).

Results

Twenty-five patients (15 women, 10 men) were review-
ed, with 124 implants supporting 31 full-arch fixed pros-
theses. Twenty had greater than three year follow-ups
(range 40.7 -139.7 months, mean 96.9 months), com-
prising 96 implants, and 26 jaws. Three implants failed
in two patients, (survival rate 97.9%). One prosthesis
failed (96.2% survival rate). Two patients required pros-
thesis replacement due to implant loss. One abutment
screw fractured, which required replacement. A total of
seven implants, in four different patients, had marginal
bone loss in excess of the Albrektsson norm.

Conclusion

This study found that the reliability and predictability of
the All-on-4® concept is verifiable for the treatment of
total edentulism.
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INTRODUCTION

Edentulism is a common condition in elderly patients,
and has a negative impact on oral health related quality
of life." The goal of rehabilitation is to improve oro-dental
function with a prosthesis that restores function and
aesthetics with the lowest possible morbidity.

The loss of posterior dentition at an early age causes
significant resorption of alveolar bone in the posterior
segment of the jaws. Decreasing bone volume ultimately
results in the surfacing of the inferior alveolar nerve in
the mandible, and in sinus pneumatisation in the maxilla.
This makes the placement of dental implants impos-
sible, without reconstructive procedures such as grafting.

Classical implant treatment for edentulous patients with
loss of the volume of posterior bone was initially de-
scribed by Bréanemark and colleagues in the 1970's.?
Four to six vertical and parallel implants are placed in
the anterior mandible or maxilla, to support a cantile-
vered full-arch prosthesis. Whilst this treatment was
and remains a viable option for restoring edentulous
jaws, the reported complication rates would, by today’s
standards, be considered relatively high.?

[t has been considered that these elevated complica-
tion rates may be due to excessive cantilever length.
Cantilever lengths of less than 15mm vyield decreased
marginal bone loss, resulted in higher implant survival,
and decreased prosthesis failure as a consequence of
better load distribution.®® To achieve the desired re-
duction in cantilever length, one may either shorten the
dental arch or place the posterior implants more distally
in the arch.

One method of enabling the distalizing of implants is
to restore posterior bone volume with procedures such
as bone grafting, sinus or ridge augmentation, and
nerve lateralization. These approaches incur additional
surgeries, higher costs, longer treatment time, and
greater morbidity. An alternative implant placement phi-
losophy introduced by Mattsson and colleagues and
shortly thereafter by Krekmanov, exploited all usable
bone anterior to the mental nerve in the mandible, and
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anterior to the maxillary sinus in the maxilla by placing
the two distal implants at an angle, thus decreasing
cantilever length.5” Subsequently Malé and colleagues
modified this approach, reducing the number of implants
to four per arch.®

The All-on-4® (NobelBiocare®, Kloten, Switzerland)
design allows for the rehabilitation of an edentulous jaw
by placing four implants in such a manner as to exploit
as much of the available bone as possible, thus reducing
the need for augmentation procedures. This is accom-
plished by placing two implants anteriorly (axially), and
two posteriorly (tilted between 30° and 45° to the occlusal
plane).® By tilting implants posteriorly, longer implants can
be placed which improves primary stability.

Increasing the antero-posterior spread of the implants
decreases cantilever length and reduces the risk of
prosthesis fracture due to the more favourable load
distribution.®”%1° |n addition to the reduced surgical
morbidity, this concept offers numerous biomechanical
advantages which have been validated in finite element
analysis studies. Inclined implants, in conjunction with
a short cantilever, decrease stress on the peri-implant
cortical bone, on the framework and implants.5!-14
Success rates using the All-on-4® technique compare
favourably with traditional vertical implants.810.15.16

Since the early reports by Malé and colleagues, several
other authors have reported high cumulative implant
survival rates using this technique.®®'®17-2" A |ongitudi-
nal study by Mal6é and colleagues including 245 patients
with completely edentulous mandibles rehabilitated with
the All-on-4® treatment concept, reported cumulative
implant survival rates (depending on follow-up period)
ranging from 93.8% at 6-10 year follow-up, to 97.6% at a
one year follow-up.?

Another study by the same group reported the
results for 968 implants placed in 242 patients in the
maxilla and the mandible. A cumulative implant survival
rate of 98% was obtained at a five year follow-up.?®
Duello summarized the findings of these and other
authors in a literature review, and reported that the
implant survival rate was influenced by length of
follow-up. In the maxilla, short term follow-up vyielded
up to 100% implant survival, and decreased to 92.5%
after seven vyears. Similarly, mandibular implants with
short term follow-up had up to 100% survival rate,
dropping to 93.8% at a 10 year follow-up.?42®

With regard to marginal bone loss, the consensus is
that there is no significant difference between traditional
vertical splinted implants and a combination of axial and
tilted implants.101626-2% Therefore this technique is a
good alternative for clinicians treating edentulous patients
requiring full-arch rehabilitation, in particular those with
atrophic jaws that would normally require traditional
bone grafting before implant placement.

The purpose of this study is to present our experiences
with the All-on-4® technique for treatment of full jaw
edentulism from a single surgical practice using only
clinical and radiographic data garnered in the process
of treatment. No other investigations were done for

research purposes. It is the intention to assess the
outcomes for this treatment protocol in a general oral
surgical private practice. The accumulation of repro-
ducible results using the All-on-4® technique from a
variety of sources, particularly after an above average
follow-up period, aids in providing further scientific data
to support this treatment rationale.

METHODS

A retrospective cohort observational study of patients
was performed at a single surgical private practice.
Patients were either edentulous or had a dentition
deemed unrestorable by the attending clinician.

Pre-treatment assessment included clinical examination,
panoramic radiography, prosthodontic and surgical con-
sultation, and when indicated, cone beam computatio-
nal tomography. Patients were offered treatment with
this protocol if the alveolar bone volume was insufficient
for traditional implant placement of six fixtures per jaw,
and if they met the following criteria:

« good general health with acceptable oral hygiene.

« an alveolus of at least 10 mm height.

« for immediate loading, implants achieved an insertion
torque of at least 35Ncm.

« in the mandible, the position of the mental nerve allow-
ed for distalization of the prosthetic platform (mental
foramen was at least 5mm below alveolar crest).

« anterior maxillary wall position allowing for placement
of tilted implants where the prosthetic interface
would emerge at least at the position of the upper
first premolar.

The following data were recorded: demographic data,
number of jaws treated, whether the implants were
placed in edentulous jaws or immediately following
extraction of non-salvageable teeth (immediate place-
ment), insertion torques, whether a prosthesis was
placed immediately (immediate loading no later than
48 hours post placement), or whether a delayed load-
ing protocol was used (no earlier than three months).
Follow up appointments assessed prosthesis inte-
grity, gingival health and radiographic bone levels.
Patient identification was removed from the data set to
maintain anonymity.

Surgical protocol

The alveolus was exposed using a crestal incision with
distal relief. In the maxilla, the nasal rim and anterior lateral
maxillary wall were identified, and in the mandible the
mental foramen was identified. Implant placement was
guided by the All-on-4® surgical guide The guide was
placed into a 2mm osteotomy made in the midline of
the jaw and the metal band was contoured to the arch
form (Figure 1).

The anterior maxillary wall was identified and explored
through a window in the lateral maxillary sinus wall and
the tilted implant placed just anterior to that (Figure 2).
In the mandible, with the guide in position, preparation
of the osteotomy sites for the tilted implants was
commenced on the alveolar crest above the distal
aspect of the mental foramen (Figure 3).
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Figure 1. All-on-4® surgical guide in the mandible with the metal band
contoured to the arch form facilitating optimal spacing, parallelism and
inclination of the implants.

Figure 4. A trial prosthetic abutment in situ used to ensure correct rotational
position of prosthetic platform.

Figure 2. The anterior wall of the maxillary sinus is identified through a
window in the lateral wall. The tilted implant is placed just anterior to the
anterior maxillary sinus wall. Angulation of the drill is guided by markings on
the guide.

Figure 5. Occlusal view of maxilla (A), and with prosthesis in situ (B) showing
favourable implant distribution.

Figure 3. Preparation of the osteotomy site in the mandible for placement of
tilted implants above the distal aspect of the mental foramen.
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NobelReplace Tapered Groovy® implants were placed
in all patients. A trial prosthetic abutment was used to
ensure the correct rotational position of the prosthetic
platform, and to determine whether a 17 or 30 degree
multi-unit abutment would be required (Figure 4).
If prosthodontic requirements dictated, straight abut-
ments were placed in the axial implants.

Torque out values were recorded as fair (20-29 Ncm),
good (80-39Ncm) and excellent (>40Ncm). Patients
were offered immediately loaded prostheses if im-
plant stability met the minimum torque out value of
35Ncm, and was contingent on the patients’ budget
(thus not all patients whose implants could have been
loaded immediately actually accepted this option).
Alternatively, conventional dentures were used as a
temporary measure.

The canon for the classification of an implant post-place-

ment is that described by Albrektsson et al. An implant

is classified as successful when it meets all four of the

following criteria:*

1. No radiolucency around the implant.

2. No signs of infection, pain or ongoing pathological
processes present at the implant site.

3. The implant is restored and functionally loaded.

4. The prosthesisis stable for multiple implants supporting
a complete arch prosthesis.

An implant is classified as “surviving” when it remains
in the jaw and is functionally loaded even though all the
individual success criteria may not be fulfilled; and as a
“failed” implant if the implant has fractured beyond repair
or cannot be classified as successful or surviving.®

In this study implant success and survival rates were
calculated only for patients for whom there was three
year or greater follow-up. A prosthesis was classified as
surviving if the original prosthesis remained in situ and
the patient was content with its function. More detailed
assessment of prosthesis success is beyond the scope of
our expertise and was thus not considered. A prosthesis
requiring replacement, unrelated to implant loss, was
deemed a primary prosthesis failure. Prosthesis loss due
to implant failure was considered a secondary prosthesis
failure. Loss or fracture of a component of a prosthesis
was deemed a minor prosthetic complication if it did not
require replacement of the whole prosthesis.

Marginal bone loss was measured on orthopantograph
films. All radiographs were taken on the same machine
(Sirona Orthophos, Sirona Dental Systems, Bensheim,
Germany) at standardized exposure settings and with
standardized patient positioning.

Calibration of the radiograph was done by measuring
the radiographic length of an implant and dividing it by
the actual implant length to obtain a magnification factor.
This was then used to adjust the bone loss measurement
obtained from the radiograph.

The implant prosthetic platform was used as the fixed
reference for measurement and bone loss was measured
to the depth of the peri-implant defect. The bench-
mark for the assessment of peri-implant bone loss is

the peri-apical radiograph. This had not been obtained
on a routine basis on all implants at regular intervals
and therefore we elected to not use that data.
Albrektsson et al. described the maximum accepta-
ble bone loss commensurate with implant success.
The criteria are: bone loss less than 1mm in the first
year and thereafter 0.2mm per year.*® Bone loss was
recorded only for those implants that exceeded the
criteria of Albrektsson et al.®°

RESULTS

Twenty-five patients were reviewed in the study, 10
males and 15 females, with a mean age of 61 + 9.58 years
(range of 37-74). Total number of implants placed was 124,
56 in the maxilla and 68 in the mandible. There were 31
jaws: in nine patients maxilla only, in 10 patients mandible
only, and in six patients both maxilla and mandible.
Of these 31 jaws, 26 had received immediate implant
placement whilst the remaining five jaws were edentulous
at the time of implant placement. In 19 jaws, loading
occurred after implant integration (delayed), whilst in 12
jaws immediate loading was done.

Torque values

One hundred and eighteen implants (95.2%) had peak
torque values greater than 40Ncm (excellent stability), four
implants (3.2%) had good primary stability, and 2 (1.6%)
had fair primary stability.

Follow-up

Two patients passed away, with their implants and
prostheses surviving at the last follow-ups for, respec-
tively, six months and 18 months post treatment. Three
patients had follow-ups of less than three years and were
therefore excluded from the calculation of the results. The
follow-up for the remaining 20 patients included in this
cohort ranged from 40.7-139.7 months, with a mean of
96.9+20.4 months.

Implant failure

Three implants failed in two patients. In one patient two
implants failed 10 years post placement (one tilted and
one axial implant). This patient’s implants had been
immediate placements without immediate loading. In the
other patient, a single tilted implant (immediate placement
with immediate loading) failed two years post placement
and the patient was subsequently lost to follow-up.
The 20 patients who had greater than three year follow-ups
received 96 of the 124 implants placed. In this cohort, 87
of the 96 implants were classified as successful (90.6 %),
the implant survival rate was 97.9 % (94 of 96 implants).

Marginal bone loss

Marginal bone loss exceeded the generally accepted
standard in seven implants in four patients. Three im-
plants in one patient, whose prosthesis remained in
situ after 12 years, had marginal bone loss of 6.8 mm,
5.6mm and 4.4mm in two axial and one tilted mandi-
bular implants, respectively. The second patient whose
prosthesis had been in situ for seven years had peri-
implantitis and marginal bone loss of 7.8 mm around
a single axial implant in the maxilla. The third patient
had marginal bone loss around a single axial implant in
the mandible measuring 7.5mm after 8 years with the
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prosthesis in situ. The fourth patient had marginal
bone loss around the two axial mandibular implants,
measuring 5.3mm and 4.8mm. In two of these pa-
tients, a single implant required debridement under
local anaesthetic. The remaining patients were referred
back to the restoring practitioners to remove the pros-
thesis and to undergo debridement of the peri-
implant space. They were enrolled in a high supervision
oral hygiene maintenance programme.

Prosthesis failure

Treatment with this surgical design allowed for a broad
distribution of implant prosthetic platforms and the
manufacture of a prosthesis with 10-12 teeth but with
very short cantilevers (Figures 5A & B). One patient
had primary prosthesis failure and two patients had
secondary prosthesis failure. One patient had a frac-
tured prosthetic screw in an angled abutment requi-
ring replacement of the abutment. One of the 20 patients
had a primary prosthesis failure (1 of 26 jaws) due to
fracture, resulting in a 96.2 % prosthesis survival rate.

Surgical complications

The only meaningful surgical complication was lower
lip paraesthesia experienced by two patients, which
resolved with no active treatment after four and five
weeks respectively.

DISCUSSION

This study evaluated the outcomes of the All-on-4®
treatment concept for rehabilitation of edentulous jaws
in a surgical private practice. The aim was to deter-
mine results and to compare them with those obtained
by others. Duplication of results is an important mecha-
nism for strengthening the scientific validity of a treat-
ment philosophy.

Although the criteria enunciated by Albrektsson et al.®°
are widely accepted as the standard for differentiating
implant success, survival and failure, the terms implant
success and implant survival are often used inappropri-
ately and interchangeably. Careful scrutiny of the stu-
dies we reviewed (and to which we are comparing our
results), reveal that in fact, the most common criterion
used was that of implant survival.141822.2331-8 Thys for the
purpose of comparison with other studies, it is possible
to use only the implant survival rate. In this study, the
cumulative implant survival rate (at a mean follow-up of
96.9 months) for this cohort is 97.9 %, and the prosthesis
survival rate is 96.2 %.

A recent systematic review of 24 studies summarized
the clinical outcomes of the All-on-4® technique.
The pooled mean follow-up period for the studies under
review was five years (range 3-10 years).®® The implant
survival rate was 99.8% at a two year follow-up, with
a decline to 95% after five years.®® Two of the studies
reviewed had follow-ups of up to 10 years. Mald et
al. reported cumulative implant survival rates between
94.8% and 98.1% at five year follow-up, and 93.8-
94.8% at 10 years. The mean follow-up in this study was
six years, with only a small group of eight patients having
a follow-up of 10 years.?? A follow-up study by the same
authors in 2015 reported a cumulative implant survival
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rate of 95.4% at seven years for 260 of 324 patients.'
Lopes et al. reported a cumulative implant survival
rate of 96.6% at a five year follow-up, in 23 patients.®’
The results in these reports show cumulative implant
survival rates between 96-98.4% at a five year follow-
up, with a decrease to 93.8-95.4% survival rate after
7_1 O years.10,14,22,31.32

Although the sample size is smaller than many of the
above mentioned studies, the average follow-up in the
current study was eight years, with nine of the 20 pa-
tients having a longer follow-up. Our implant survival rate
of 97.9% at a mean follow-up of eight years is slightly
higher than that obtained by other authors; however it
is likely that a larger sample size would have yielded
figures consistent with previous reports. 1422233134

Peri-implant bone loss is an ongoing concern of much
of implant research. A systematic review of complica-
tions associated with implant-supported fixed dental
prostheses reported a peri-implant bone loss greater
than 2mm of 20.1% after five years and 40.3% after 10
years.®® A limitation of this study is the technique used
for the measurement of marginal bone loss. It should
be borne in mind that the measurement of peri-implant
bone loss was not a primary objective of this study.

The reality of performing retrospective reviews of pa-
tients not previously recruited into a formal study (thus
not subjected to investigations required only for research
purposes, but only for clinical need) means that sub-
optimal data may be collected. The implications are that
whilst the absolute figures for bone loss may be inaccu-
rate, more importantly, the identification of implants that
have had no bone loss as opposed to those that have,
can be done very reliably with a screening panoramic
radiograph. It has been contended that the use of any one
parameter, including peri-implant bone loss, cannot be
used as a determinant of success in implant treatment.2®

The results of this study support the hypothesis that the
rehabilitation of the edentulous mandible and maxilla
using the All-on-4® concept is predictable and reliable.??
The numerous benefits of this technique are somewhat
mitigated by the tenuous implant support offered by the
implants for the prosthesis. The loss of a tilted implant
invariably entails the loss of the prosthesis. This is one of
the major disadvantages of the treatment concept over
the traditional axial philosophy or the placement of more
implants. Nevertheless, it is a complication that remains
rare enough to not dissuade the clinician to consider this
treatment option.

CONCLUSION

Our experiences with the All-on-4® technique have
corroborated the findings of others. Within the limitation
of this study, our results indicate that it is a treatment
modality that is safe and predictable with a high implant
survival rate even after up to 12 year follow-up.
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