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ABSTRACT

Disease related to peri-implant mucosal inflammation (PIMI) has been reported as one
of the major factors leading to failure of dental implants. Many authors have suggested
options for treatment of these lesions, ranging from simple mechanical debridement
and regenerative surgical techniques to removal of the implant. Prognostic classification
systems have become an integral part of dental practice because they provide direct
guidance in planning treatment. However, there is limited evidence to support the appro-
priate classification of PIMI and the corresponding treatments, and a more specific prog-
nostic system is required. Because the number of patients with implants is increasing,
clinicians must be aware of PIMI as an entity with specific management requirements.
This report describes a simple prognostic system to help clinicians to foresee the out-
comes of PIMI treatment.
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inflammatory lesions that may affect just

the peri-implant mucosa (mucositis) or
that may also result in loss of the supporting
bone (peri-implantitis). This loss of bone can
in turn lead to loss of the implant. Peri-implant
mucositis occurs in about 80% of patients who
have undergone placement of implants (at 50%
of implant sites), whereas peri-implantitis oc-
curs in 28% to 56% of patients (at 12% to 40%
of implant sites)."* Several risk factors have
been identified, including poor oral hygiene,
history of periodontitis, diabetes mellitus and
smoking.> The diagnosis of peri-implant dis-
ease requires the use of probing techniques to
identify the presence or absence of bleeding,
pain and suppuration, all of which indicate

P eri-implant diseases are characterized by
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clinical inflammation.” Radiographs are also
required to detect loss of supporting bone.
Diagnostic information should be obtained
for all implant patients once placement and
healing of the implant is complete, to allow
for longitudinal monitoring of peri-implant
conditions.

Articles about the causes and treatment
of peri-implant disease are now being pub-
lished.>® Authors have claimed that proposed
anti-infective therapies can modulate local in-
flammation and improve clinical parameters
for the peri-implant tissues.” Mechanical de-
bridement combined with antiseptic or anti-
biotic therapy, Er:-YAG (erbium-doped yttrium
aluminum garnet) laser and regenerative tech-
niques have been used to treat peri-implantitis,
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but the indications for each of these techniques have not
been clearly delineated.>® Assessment of the real effect of
therapy is particularly important when complex inter-
ventions and expensive materials are used. For example,
a patient undergoing treatment for peri-implantitis with
bone substitutes plus membranes (guided bone regener-
ation) should be clearly informed about the potential
gains. Specifically, the patient should be told that the
potential additional improvements in terms of surrogate
end points such as probing depth and clinical attach-
ment level resulting from the surgical approach, relative
to noninvasive procedures, do not guarantee long-term
retention of the implant.?

According to recent systematic reviews,”' studies of
treatment options for peri-implant inflammation have
generally been limited in number, with small sample sizes
and short follow-up periods. Also, the reviews have not
revealed whether therapy for peri-implantitis has been
useful in reducing the risk of implant failure.®!° Finally,
there have been substantial differences between human
and animal studies in terms of study design and treat-
ment procedures.'

Oral health care providers have not yet used a prog-
nostic system to guide the treatment of peri-implant
mucosal inflammation (PIMI), considered here as a con-
dition separate from, albeit related to, peri-implantitis. It
seems reasonable to assume that a prognostic system for
PIMI could be based on the probability of stabilizing the
peri-implant tissues, rather than the prospect of implant
failure. Therefore, given the general acceptability of prog-
nostic systems" and the availability of supportive therapy
for periodontal diseases, a system was developed for de-
termining the prognosis in cases of PIMI and selecting
appropriate supportive implant therapy.'>"

Importance of PIMI

Various nonsurgical and surgical approaches for the
management or treatment of PIMI and related condi-
tions have been described,'*™ but they do not necessarily
represent a prognostic system or a protocol for supportive
implant therapy. Information is also lacking about how
implants, both healthy ones and those affected by PIMI,
alter the local and systemic inflammatory response in
short- and long-term prognostic approaches. There is no
reason to believe that mucosal inflammation affecting
endosseous implants (i.e., PIMI) would have fewer effects
on general health than similar levels of inflammation af-
fecting the teeth (e.g., periodontitis, gingivitis).

Prognostic Algorithm

The algorithm proposed here (Fig. 1) offers oral health
care providers a rational approach to determining the
prognosis for a PIMI lesion, as well as indicating possible
treatment options and a protocol for supportive implant
therapy. The algorithm includes surgical modalities’ for
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the management of certain presentations of PIMI and also
less invasive approaches, such as oral hygiene methods.
Just as a protocol for supportive periodontal therapy is
expected to reduce inflammation in the periodontal tis-
sues, so a protocol for supportive implant therapy should
reduce inflammatory diseases associated with implants.
Furthermore, if PIMI has effects on general health that
are similar to those of periodontal inflammation, then the
management and control of PIMI could lead to improve-
ments in biomarkers' that predict and regulate general
health. The system for recall appointments is based on
existing knowledge for periodontal maintenance.

Extent and Impact of PIMI

The impact of and relationships between periodontal
health and diseases involving other organs and physio-
logic systems have been established'®*® with increasing
reliability. The notion of a potential influence of PIMI
on general health and disease has been discussed only
recently.®’ There is no evidence that inflammatory dis-
ease in the gingival tissues surrounding endosseous im-
plants predisposes patients to other systemic diseases
(e.g., cardiovascular disease). Similarly, it is not yet
known whether PIMI exacerbates other conditions such
as diabetes mellitus, but the model of periodontal disease
strongly suggests this possibility.?!

Multiyear success rates above 90% have been reported
for most implant systems for both fully and partially
edentulous patients.” However, it is becoming increas-
ingly clear that despite this level of success, osseointe-
grated implants are susceptible to disease conditions that
may lead to peri-implant inflammatory disease or, ul-
timately, failure of the implant.”” Indeed, peri-implant
infections are thought to be the major cause of these later
failures.”>** However, it must also be recognized that the
long-term success of a dental implant is largely deter-
mined by its location,” with an apparently higher success
rate for implants in the anterior region than for those in
the posterior region. This is due in part to the quality of
the bone, there being a quality difference of about 12%
between the anterior and posterior maxillae and a dif-
ference of about 4% between the anterior and posterior
mandibles.”® As such, treatment of implants in the an-
terior mandible is the most successful, whereas treatment
of implants in the posterior maxilla is the least suc-
cessful.”” Similar disease patterns have been reported for
periodontitis, which implies that the knowledge base for
periodontitis and its effect on general health and disease
presentation could well apply to implant-related diseases.

PIMI and Implant Failure: An Imminent Tidal Wave

Implants have become increasingly popular since
their endorsement by the American Dental Association
in 1986. The average number of implants placed surgically
by dentists who perform the procedure increased by 49%
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Diagnosis

No PIMI (healthy)
No bleeding/no bone loss

Mild PIMI (mucositis)

SIT
Moderate/Severe PIMI OHI+ISD or GBR
eri-implantitis Unfavourable
PIMI (p imp ) ———_
Bleeding, bone loss
Prognosis system p
Systemic PIMI OHI+ISD or
iti Implant(s) removal SIT
(peri-implantitis) Unfavourable New impl
Bleeding, bone loss, ew implant(s)
systemic condition
Advanced PIMI Implant(s) removal
eri-i iti New implant(s) SIT

_— Favourable F——_ OHI SIT

Prognosis Treatment plan

OHI+ISD

a

Figure 1: Algorithm for determining prognosis of and appropriate treatment for dental implants with peri-implant mucosal inflammation
(PIMI). GBR = guided bone regeneration, I1SD = implant surface debridement, OHI = oral hygiene instruction, SIT = supportive implant therapy

over a 4-year period (from 37.7 annually per dentist in
1995 to 56.2 annually in 1999).%" It is estimated that more
than 400 000 implants are placed every year in the United
States.?® Recent findings from Europe indicate that every
year about 120 000 implants are placed in France, 185 000
in Spain, 410 000 in Italy and 420 000 in Germany.”' Data
on the number of implants placed annually in Canada are
not available.

The failure rate of dental implants varies according
to the type of system evaluated, as well as by the type of
study. One recent publication indicated a rate of 2.73%,”
a figure that will undoubtedly increase over time, given
that the use of endosseous oral implants has become in-
creasingly routine in a relatively short period.

In summary, it appears that a “tidal wave” of ailing
and/or failing implants may be imminent. Apart from the
implications of this problem in terms of the growing need
for clinical treatment, the possibility of a relationship
between PIMI and general health and disease means that
we are also facing a potential increase in the incidence
and/or severity of “non-oral” disorders.” Despite these
considerations, it is still unclear whether every failing im-
plant has had previous PIMI, occlusal trauma or both.?
The algorithm for prognosis and treatment of endosseous
implant diseases (Fig. 1) suggests that patients with non-
oral disorders who also have dental implants (including
implants that appear healthy) may have more inflamma-
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tion (both oral and systemic) than patients with healthy
dentition or those who are completely edentulous. For
the purposes of the algorithm, it was essential to define
parameters clearly and to describe the various potential
severities or presentations of this condition within the
clinical milieu.

Determining Prognosis and Related PIMI
Conditions

Determining the prognosis of a disease or condition is
an evolving and dynamic process." Therefore, in cases of
PIMI, periodic reassessment of the prognosis is desirable.
The prognosis may change over time, and PIMI may recur
after initial treatment. As such, it may be advisable to re-
peat the prognostic exercise at each recall appointment.

An assessment of pain is one aspect of the algorithm.
A simple visual analogue scale (VAS) has been suggested
for determining the patient’s perception of pain. The VAS
is a horizontal line, 10 cm in length, anchored by verbal
descriptors of the extremes of pain at each end, with the
least amount of pain at the left end. The patient marks on
the line the point representing his or her perception of
the current state of pain. The numeric VAS score is deter-
mined by measuring the distance from the left-most end
of the line to the point marked by the patient.

The following sections list the characteristics sug-
gested for each prognostic category of PIMI.
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Overall Favourable Outcomes

o Healthy Implant (No PIMI): No bleeding or pain on
probing (regardless of probing depth), no suppuration,
no implant-related halitosis, no radiographic bone loss,
apart from the usual loss near microgap areas, no oc-
clusal trauma or mobility, no erythema in surrounding
soft tissues.

o Mild PIMI: Bleeding on probing, pain on probing
(1-3 cm on a VAS for pain), mild erythema of sur-
rounding soft tissues, no suppuration, no radiographic
bone loss, no occlusal trauma or mobility, no impact on
systemic markers of inflammation.

Overall Unfavourable Outcomes

o Moderate PIMI: Bleeding on probing, pain on probing
(3-6 cm on a VAS for pain), generalized erythema of
soft tissues surrounding the implant, possible suppura-
tion, radiographic evidence of early bone loss (i.e., ex-
posure of 3 or more threads, bone loss < 50%), no occlusal
trauma or mobility, mild elevation (10%-20%) of systemic
markers of inflammation.

o Severe PIMI: Bleeding on probing, pain on probing
(6-10 cm on a VAS for pain), generalized erythema of
soft tissues surrounding the implant, possible suppura-
tion, radiographic evidence of moderate bone loss (i.e.,
exposure of 5 or more threads, bone loss > 50%), possible
occlusal trauma, no mobility, moderate elevation (> 20%)
of systemic markers of inflammation.

o Systemic PIMI: All characteristics of severe PIMI (de-
scribed above), along with complicating systemic, genetic
and/or environmental conditions (e.g., smoking, diabetes
mellitus, bisphosphonate therapy, radiation). May also
be seen in patients with previously diagnosed refractory
periodontitis.?

Overall Hopeless Outcomes

o Advanced PIMI: Bleeding on probing, pain on probing
(6-10 cm on a VAS for pain), generalized erythema of soft
tissues surrounding the implant, probable suppuration
and occlusal trauma, moderate to severe radiographic
evidence of bone loss (> 50%, with “trough” visible
around the implant) leading to loss of osseointegration
and development of implant mobility, moderate increase
(> 20%) in systemic markers of inflammation. Usually
leads to loss of implant.

Rationale for Treatment Modalities

o Healthy Implant (No PIMI): There is evidence that a
rational approach to maintaining healthy implants
should include instruction in basic oral hygiene.® The pa-
tient should comply with supportive implant therapy and
should attend regular recall visits.'**
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o Mild PIMI: There is evidence that a rational approach
to the treatment of mild PIMI should include instruc-
tion in basic oral hygiene combined with eventual re-
moval of calculus on the abutment surfaces by means
of plastic scalers and/or ultrasonic debridement.?*** The
patient should comply with supportive implant therapy
and should attend regular recall visits.'#*

o Moderate PIMI: Treatment of moderate PIMI should
incorporate instruction in basic oral hygiene and surface
debridement of the implant in the area of peri-implant
pockets by means of plastic scalers and/or ultrasonic
debridement (possibly under local anesthesia).” If there
is no response to these approaches, an apical flap can
be created, with exposure of the implant threads, to
improve local control of dental biofilm and to improve
oral hygiene; alternatively, guided bone regeneration
may be performed. If these measures are unsuccessful,
the implant must be considered as failing and should
be replaced.'* A patient with moderate PIMI should
comply with supportive implant therapy and should at-
tend regular recall visits.***

o Severe PIMI: The treatment of severe PIMI is similar
to the treatment of moderate PIMI, incorporating in-
struction in basic oral hygiene, along with surface de-
bridement of the implant in the area of peri-implant
pockets by means of plastic scalers and/or ultrasonic
debridement (possibly under local anesthesia).” If there
is no response, an apical flap can be created to expose
the implant threads, to improve local control of dental
biofilm and to improve oral hygiene. Because bone loss
in this category is greater than with moderate PIMI, a
decision will be needed to perform guided bone regenera-
tion or to consider the implant as failing, in which case it
should be replaced.'*"* A patient with severe PIMI should
comply with supportive implant therapy and should at-
tend regular recall visits.'>**

o Systemic PIMI: In cases of peri-implantitis associated
with environmental and/or systemic conditions, it is un-
likely that satisfactory control of PIMI will be established
unless satisfactory management of the environmental
or systemic condition can be achieved.”*** If smoking is
deemed to be a factor in the PIMI, there should be more
emphasis than usual on the benefits of smoking cessa-
tion.” Current evidence suggests that the most rational
approach to this form of PIMI includes instruction in
basic oral hygiene, debridement of the implant surface,
creation of an apical flap with exposure of threads (as
described above) and, ultimately, implant replacement.
Guided bone regeneration techniques should be con-
sidered in cases of unstable systemic conditions. The
clinician should be alert to the possibility of a “cluster
phenomenon” whereby failure of one implant increases
the patient’s risk of losing additional implants (which
would suggest a systemic contributing factor). The patient
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should comply with supportive implant therapy. Because
the systemic condition may be affecting the patient’s
overall immunologic stability,'>'”*' recall visits should be
more frequent'? so as to prevent eventual loss of addi-
tional implants and natural teeth.

o Advanced PIMI: This PIMI category is essentially a
terminal condition insofar as implant retention is con-
cerned. Most evidence suggests that advanced PIMI most
likely represents peri-implantitis causing mobility. In
these cases, the implant should be replaced and appro-
priate bone augmentation approaches undertaken. Any
patient who has had or could develop peri-implantitis
in association with another implant should comply with
supportive implant therapy, with regular maintenance
visits.'*

Conclusions

In light of the foregoing discussion, determining the
prognosis for peri-implant diseases may seem audacious.
However, the proposed prognostic system is based on the
projected stability of the peri-implant tissues and loss of
the implant (i.e., surrogate and true end points) and thus
may foster the ultimate development of a more logical
classification for the treatment of PIMI. The concurrent
establishment of a suitable protocol for supportive im-
plant therapy also requires additional basic and clinical
research to better understand the patterns of disease
development and to define the appropriate care for PIMI
in healthy patients and those with systemic compromise.

The prognostic algorithm for PIMI (Fig. 1) could
also be used as a framework for educating dentists and
dental hygienists, so that they can provide more ap-
propriate care for implants with associated mucosal
inflammatory disease. The implementation of a reliable
prognostic protocol could lead to reductions in costs and
improvements in patient benefits related to the placement
and maintenance of implants. The proposed prognostic
system should be adopted in clinical practice to verify its
validity and usefulness. #
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