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Prevalence of peri-implant diseases in fully edentulous patients
restored with four implants supported fixed full arch prosthesis: a
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Background and Objective: “All-on-four” is a popular protocol due to shortened treatment time and
financial feasibility. This has also been justified by the high survival rates of 95.4% over 7 years. However,
the prevalence of peri-implant diseases is still not well explored. A review of the literature was performed to
identify prevalence of peri-implant diseases in patients restored with full-arch four implants supported fixed
restorations.

Methods: This review used electronic literature search of PubMed database to obtain recent and the most
relevant English-language scientific information from previous systematic reviews, consensus statements, and
clinical trials published between 1995-2021.

Key Content and Findings: Due to an inability to identify a study, or studies, that answer the PICO
question or provide conceptual homogeneity, no Meta-Analysis was conducted. Based on the limited number
of articles that were included in this study peri-implant mucositis ranged up to 30.2% at the patient and up-
to 18.3% at the implant level, while peri-implantitis ranged up to 25% at the patient and up to 7.2% at the
implant level with 5-10 years of follow-up.

Conclusions: Despite the prevalence of peri-implant diseases, the all-on-four treatment modality for
completely edentulous arches has moderately high long- and medium-term survival outcomes (implants and

prosthesis). Strict maintenance and follow-up are highly recommended to minimize biologic complications.
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Introduction of the biologic complications unreported. Implant success

. . o has been re-defined, and newer evaluation parameters,
Restoring fully edentulous jaws with implant supported

fixed prosthesis allows the restoration of function (phonetics
and mastication), esthetics, and patients’ quality of life.
This type of treatment is well validated by substantial body
of scientific and clinical evidence (1-5). Implant 5-10-year
survival rates supporting full-arch prosthesis can be as high
as 98% (6,7). However, the focus of the older articles was
implant osseointegration and overall survival, leaving some
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such as soft tissue health, have been identified (8). Recent
systematic review reported prevalence of peri-implant
diseases of approximately 29% (9). This clearly highlights
the importance of understanding peri-implant diseases,
their cause, prevalence, and relationship between different
types of prostheses.

Peri-implant diseases have been classified into two major
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categories: peri-implant mucositis and peri-implantitis.
Both are characterized with the biological complication
and inflammation of peri-implant soft tissues, while peri-
implantitis also involves bone loss around the implants (10)
with observation of bleeding on probing and suppuration.
Although, it is well established the periodontal and peri-
implant inflammation is associated with the presence
of certain bacteria (11,12), other factors and clinical
confounding variables have been identified. Specifically,
smoking, previous periodontal disease, poor oral hygiene,
and residual excess cement have all been linked with peri-
implant diseases (13). Recent studies have also focused on
the prosthetic features like restoration emergence profile
and angle, showing that over-contoured restorations have
higher risk of developing peri-implantitis (14,15).

Although, bone and soft tissue augmentation procedures
are well established, they are still associated with longer
treatment time, higher costs, and risk of morbidity. A
technique that allows the use of fewer implants with no
bone grafting has been recognized as the “all-on-four”
concept. It involves placement of four implants into fully
edentulous jaw with minimal amount of native bone
volume. Two anterior implants are placed axially, while
two posterior implants are tilted (15-45 degrees) to take
advantage of more dense bone available in anterior jaw
and extend Anterior to Posterior spread (16,17). This
protocol was merged with immediate loading protocol,
involving insertion of four implant supported fixed full-
arch prosthesis on the day of surgery (All-on-four treatment
concept, Nobel Biocare AB, Goteborg, Sweden).

The combination of shortened treatment time with
financial feasibility made the protocol very popular. The
wide-spread use of the concept has further been justified by
the high survival rates of 95.4% over 7 years (1,6,7,17-19).
However, the prevalence of peri-implant diseases is still
not well explored. Although, systematic reviews hold
higher scientific evidence, if the studies are heterogenous,
they could be inconclusive. Therefore, the current article
represents a literature review on the prevalance of peri-
implant diseases of full-arch “all-on-four” fixed restorations.
This review used electronic literature search of PubMed
database to obtain recent and the most relevant scientific
information from previous systematic reviews, consensus
statements, and clinical trials.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://fomm.
amegroups.com/article/view/10.21037/fomm-21-83/rc).
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Methods

The review protocol was developed based on the elaborated
PICO question: What is the prevalence of peri-implant
disease in patients having at least one implant supported
full-arch fixed dental prosthesis supported by four implants?
And what are the prosthesis related features that could
influence the outcome (peri-implant mucositis and peri-
implantitis)?

Search terms were developed based on the PICO
question and PubMed search was conducted. To meet the
eligibility requirements the following inclusion criteria were
applied: Human studies, randomized controlled clinical
trials, prospective and retrospective clinical trials, consensus
statements, and systematic reviews.

Three stage screening process was done by two
independent authors (M.M.M and S.E.) and is summarized
in Table 1. Titles derived from the initial search were
screened and in-vitro studies, studies not related to the
review topic and duplicates were excluded. Obtained
abstracts were further screened for inclusion. Based on
the selection of abstracts, articles were then obtained in
full text assuming the article met inclusion criteria. All full
text articles were carefully read and analyzed by the same
two investigators independently. No language restriction
was used to widen the search but when full text was not
available in English, article was excluded from the analyses.
Any disagreement on each screening stage was resolved by
discussion.

Definition of peri-implant diseases

In earlier times peri-implantitis was defined as the presence
of inflammation in the soft tissues and the loss of supporting
bone around osseointegrated implant (20). However, the
new classification system of periodontal and peri-implant
diseases described peri-implant disease as two distinct
conditions of peri-implant mucositis and peri-implantitis (21).
Peri-implant mucositis is associated with bleeding on
probing and other visual signs of inflammation. Usually,
it is associated with the plaque and can be reversed with
measures aimed at reducing the plaque. It has no associated
bone loss (22). Peri-implantitis is defined as a pathologic
condition and inflammation of soft tissues and loss of
bone around implants (13). Because, peri-implant diseases
were not clearly defined prior to the introduction of new
classification system, there seems to be variability in the
reports of the clinical studies and not all the studies refer to
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Table 1 Summary of the search strategy
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ltems Specification

Date of Search (specified to date, month and year)
Databases and other sources searched

Search terms used (including MeSH and free text search
terms and filters). Note: please use an independent
supplement table to present detailed search strategy of
one database as an example

Timeframe

Inclusion and exclusion criteria (study type, language
restrictions etc.)

PubMed

03/01/2021-04/01/2021

Implant supported fixed prosthesis OR complete-arch implant supported
fixed prosthesis OR full-arch implant retained prosthesis OR all-on-four
AND biological complications OR marginal bone loss OR peri-implantitis
OR implant failure OR prosthesis complication OR reconstruction failure

01/01/1995-03/01/2021

Human studies, randomized controlled clinical trials, prospective and
retrospective clinical trials, consensus statements, and systematic reviews

in English language

Selection process (who conducted the selection, whether
it was conducted independently, how consensus was
obtained, etc.)

Any additional considerations, if applicable NA

Three stage screening process was done by two independent authors
(M.M.M and S.E.). Any disagreement on each screening stage was resolved
by discussion

the same definition of peri-implant diseases. Some focus on
clinical parameters like marginal bone resorption, probing
depth, bleeding on probing, plaque and calculus around
implants. While failing to classify existing inflammation as
peri-implant mucositis or peri-implantitis.

Results

Due to the inability to identify a study, or studies, that
fully answer the PICO question or provide conceptual
homogeneity, no Meta-Analysis was conducted.

The following articles were identified and included for
discussion.

A study analyzing 7-year survival rate of mandibular all-
on-four concept prosthesis reported implant survival of
95.4%. Out of 1,296 implants 18 failed (16 had mobility and
loss of osteointegration and 2 had persistent inflammation).
Mean marginal bone level at the apical position of the
implant-abutment interface was 1.81 mm at 5 years.
The authors conducted regression analysis to identify
confounding variables associated with marginal bone loss
>2.8. Smoking and presence of systemic condition was
associated with higher bone loss. The authors did not report
incidence of peri-mucositis or periimplantitis. Prosthetic
survival rate was as high as 99.7% (18).

Balshi conducted a retrospective study of 152 patients
with 200 arches and 800 implants. They reported 97.8%
cumulative implant survival and 99.0% prosthesis survival
rate. No significant differences were seen between arches,
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gender, and implant orientation (axial vs. tilted). Although,
the study holds value for analyzing implant survival rate as
well as comparing clinical variables, no prevalence of peri-
implant diseases was reported (1).

In a retrospective study analyzing 86 patients treated
with immediately loaded 95 All-on-four concept prosthesis
reported peri-implant mucositis in 30.2% of the patients
and peri-implantitis in 10.4% of the patients. At the implant
level, 18.3% of the implants were recorded with peri-
mucositis, while 6.3% with peri-implantitis. Additionally,
32.3% of the cases demonstrated hygienic problems (23).

Li er al. reported result of 80 implants placed in 20
arches and restored with all-on-four concept with average
follow-up time of 5 years. Cumulative survival rate of the
implants was 98.75%. One tilted implant failed due to peri-
implantitis. Survival of definitive prosthesis was 100% and
85% of provisional prosthesis. Peri-implantitis was seen
in only 1.25% of the implants, which is significantly lower
than the results of other studies (24).

Lopes et al. analyzing 92 implants restored with all-on-
four concept reported peri-implantitis at implant level to be
as low as 2.1% and 8.7% at patient level (25). Their follow-
up study reported 30.6% at the patient and 12% at the
implant level to have biological complications (26). Out of
the implant level complications, 1.7% was peri-mucositis
(described as soft tissue inflammation) and 1.8% was peri-
implantitis (described as implant infection). They also
reported 22.5% of the patients to have had peri-implant
pathology, like bone defect, pocket formation, bleeding on
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probing, and mucosal inflammation.

When a recent systematic review analyzed prevalence
of peri-implant diseases in implant supported fixed full-
arch prostheses peri-implant mucositis ranged up-to 13.7%
of the patients and up-to 12% of the implants. While the
prevalence of peri-implantitis ranged up-to 25% at the
patient and up-to 7.2% at the implant level. Patients seem
to demonstrate the tendency of developing peri-implantitis
at least after 1 year of follow-up (9).

Discussion

The present review aimed to evaluate the prevalence of
peri-implant diseases (peri-mucositis and peri-implantitis)
in patients restored with full-arch implant supported all-
on-four restorations. Based on the articles analyzed, fully
edentulous patients restored with all-on-four prosthesis
appear to develop peri-implant mucositis in up-to 30%
and peri-implantitis in 25% with 5-10 years of follow-up.
However, one should consider that there was high variation
in the prevalence values among the studies. This can be
explained by various authors using different definitions and
evaluation criteria for peri-implant diseases. For instance,
Lopes et al. reported peri-implantitis to be present in 8.7%
of the patients (25). While in their follow-up study biological
complications were seen in 30.6% of the patients (26).
Out of the implant level complications, 1.7% was peri-
mucositis (described as soft tissue inflammation) and 1.8%
was peri-implantitis (described as implant infection). Then
the authors reported 22.5% of the patients to have had peri-
implant pathology, like bone defect, pocket formation, bleeding
on probing, and mucosal inflammation. It is confusing to
understand how the authors delineated implant infection from
implant pathology, which with current standards would fall
under the category of peri-implantitis (21).

As patients age, the loss of natural teeth becomes a
critical factor towards maintenance of health. Loss of
natural teeth may result in diminished chewing capacity
which could cause the dental patient to fall into a category
of functional malnutrition (27). The inability to chew may
interfere with the overall health and well-being of the
patient.

Dentists have been tasked with the responsibility to
maintain the natural teeth by preventing tooth loss or
restoring function and esthetic in instances where teeth are
already lost. Restoring fully edentulous jaws with implant
supported fixed prosthesis allows the restoration of function
(phonetics and mastication), esthetics, and patients’ quality
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of life. This type of treatment is well validated by substantial
body of scientific and clinical evidence (1-5).

Various clinical techniques were utilized to define the
ideal number and distribution of implants. Krekmanov er a/.
described a process whereby the posterior implants were
placed at an angle with the coronal aspect of the implant
more distal than the apical portion thereby creating a
longer implant in bone (28). Using four implants to support
the full arch prosthesis provided the patient with adequate
strength, implant distribution and a predictable replacement
of teeth that could be placed on the day that natural teeth
were removed (6,28).

Peri-implant mucositis is implicated in 0% to 65%
while peri-implantitis, the more pathogenic risk factor, has
been reported from 1% to 47% of patients with implants.
A few different bacterial species have been implicated
in contributing peri-implantitis. Gram negative bacteria
and Staphylococcus aureus being the most noticeable.
Periimplantitis is generally evident with soft tissue
inflammation, bleeding on probing, redness, erythema,
suppuration, separation on probing, probing depth of up to
6 mm and bone loss (10).

The earliest generation of dental implants were thought
to be resistant to deterioration of the soft tissue as it
contacted the implant. Over time, reports of soft tissue
breakdown adjacent to the implant became more prevalent.
It is unclear today whether the breakdown is secondary
to changes in the biofilm resulting in an unfavorable host
environment or the adverse reaction could represent a metal
contamination that may be derived from the manufacturing
process (29,30).

The relationship between periimplantitis and the All-
on-four does not appear to be exacerbated by either of the
two processes. Management of the periimplantitis may be
achieved through treatment utilizing implantoplasty and
improved oral hygiene. In some instances, this will not
be a manageable problem but for most patients it appears
manageable (6,7,17-19).

Other factors than bacteria are being highlighted in
literature to be contributing to the development of peri-
implant diseases. Smoking and previous periodontal disease
are linked with peri-implant diseases (13). Perhaps, more
attention should be paid to ideal 3-dimensional (3-D)
implant positioning and cleansable prosthetic design in the
patients with existing risk factors. Additionally, poor oral
hygiene and residual excess cement are also associated with
higher prevalence of peri-implant diseases (13). Recently,
studies have also focused on the prosthetic features like
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restoration emergence profile and angle, showing that
over-contoured restorations have higher risk of developing
peri-implantitis (14,15). This once again highlights the
importance of prosthetic features, cleansability, and
maintenance protocols. In fact, a study assessing outcome of
four implant supported full-arch fixed prosthesis concluded
that systemic hygienic protocols and maintenance was
effective in keeping low incidence of peri-implant diseases
and controlling plaque to avoid hygienic problems (31).

One should also consider the materials that are being
used. Acrylic resin is characterized with higher plaque
accumulation and degradation rate (32). With new
protocols, involving Zirconia restorations reduced plaque
accumulation can be expected (33). This warrants future
studies.

In summary, the cumulative survival rate of implants
supporting all-on-four concept restorations is very high.
However, when taking closer look and considering new
evaluation criteria of success rate (8) and soft tissue health
status the outcome changes. It demonstrates that implant
supported full-arch prostheses are not complication-free
and soft and hard tissue complications like peri-implant
mucositis and peri-implantitis may occur in up-to 30% of
the patients over 5-10 years.

Implant dentistry is evolving and digital implant
surgery is becoming standard in everyday practice. Thus
more prosthetically driven implant placement and better
Computer-Aided Design (CAD) prostheses with cleansable
and retrievable features should be planned and delivered (34).
We all have to learn from the accumulated scientific
and clinical knowledge, optimize implant and prosthetic
planning to achieve better and complication-free long-term
outcomes.

Conclusions

Within the limitation of this literature review it can be
concluded that fully edentulous patients restored with
implant supported full-arch all-on-four prosthesis can be
frequently affected by per-implant diseases. Fixed full-
arch implant supported restorations are not problem-free
solutions and certain maintenance aspects and protocols
should be planned to improve soft and hard tissue long-
term outcomes. Nevertheless, all-on-four concept prosthesis
represents a most viable treatment option restoring function
and esthetics and maintaining the patients’ quality of life at
satisfactory levels, with reduced cost and treatment time.
Further prospective studies are needed with longer follow-up
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times, standardized evaluation criteria, and newer materials.
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