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Abstract
Background: The 2017 World Workshop classified peri-implant diseases into
health, peri-implant mucositis, and peri-implantitis. The aim of this article is to
build upon this recent classification and propose a framework for the diagnosis
of peri-implant status after surgical treatment for peri-implantitis.
Methods: A literature review was conducted to discuss the relevant diagnos-
tic, clinical, and radiographic parameters, including probing depth, bleeding on
probing, visual inspection, and radiographic bone loss. Case definitions of possi-
ble treatment outcomeswere discussed, and a flowchartwas constructed to guide
post-treatment diagnosis according to the possible clinical scenarios which can
be encountered in daily practice.
Results: Three possible treatment outcomes were identified after resective treat-
ment of peri-implantitis: 1) peri-implant health with a reduced support, 2) peri-
implant mucositis with a reduced support, and 3) recurrent/refractory peri-
implantitis. After regenerative treatment for peri-implantitis, the peri-implant
condition was classified according to the same diagnoses with the addition of
peri-implant health or peri-implant mucositis after complete regeneration for
cases where complete regeneration was attained. Criteria for successful treat-
ment of peri-implantitis were proposed. After resective therapy, a successful
treatment outcome was defined as peri-implant health with a reduced support,
whereas, after regenerative therapy, a successful outcomewas described as either
peri-implant health after complete regeneration or peri-implant health with a
reduced support.
Conclusions: The proposed classification system of peri-implant status after
surgical treatment for peri-implantitis provides a framework for diagnosing the
various forms of peri-implant stability or disease to guide clinical decision-
making post-treatment.
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F IGURE 1 Peri-implant status before
treatment: peri-implant health (A),
peri-implant mucositis (B), or
peri-implantitis (C)

1 BACKGROUND

Peri-implant disease etiology is believed to be primarily
microbially-mediated, with evidence to support that addi-
tional factors can influence susceptibility, including but
not limited to the width and thickness of peri-implant ker-
atinized mucosa and implant positioning.1,2 An exposure-
response relationship between the accumulation of bac-
terial biofilm and subsequent inflammatory changes in
peri-implant soft tissues has been shown.3,4 Peri-implant
mucositis is a reversible inflammatory response confined
to the soft tissue.5 If left untreated, peri-implant mucosi-
tis can potentially progress into peri-implantitis, involv-
ing destruction of peri-implant bone support.1 The 2017
World Workshop on the classification of periodontal and
peri-implant diseases and conditions recently proposed
case definitions for both periodontal and peri-implant
diseases.1,6,7 For periodontal diseases it set forth a diag-
nostic framework to classify periodontal health, gingivitis,
periodontitis, and status after periodontitis treatment.8,9
Although a framework was also proposed for the diagnosis
of peri-implant diseases (Figure 1), there is still a need for
a classification system which specifically addresses peri-
implant status after treatment for peri-implantitis, as this
topic was briefly described but not expanded upon in a for-
mal framework.1,7 With the current trend towards increas-
ing numbers of implants being placed, the number of peri-
implantitis cases will also rise. It has been projected that in
theUnited States alone, dental implant prevalencewill rise
from 5.7% to 23% by 2026.10 It is estimated that about 10% of
implants insertedwill develop peri-implantitis within a 10-
year window.11 The implant- and patient-level prevalence
of peri-implantitis has beenmeasured to be around 11.4%12
and 22-45%, respectively.13,14 Between the two extremes of
peri-implant health and failure for which the treatment
needs will be agreed upon by the majority of clinicians,
there are grey zoneswhich complicate detection of disease.
A classification system characterizing peri-implant status

after treatment for peri-implantitis will facilitate diagno-
sis of the various forms of peri-implant stability or disease
in order to guide clinical decision-making post-treatment.
Thus, the main objective of this review is to propose a
diagnostic classification system of peri-implant status after
treatment for peri-implantitis.

2 REDUCED PERIODONTIUM IN
NATURAL DENTITION AS A BUILDING
BLOCK FOR CLASSIFYING TREATED
IMPLANTSWITH REDUCED SUPPORT

The concept of a reduced periodontium associated with
natural dentition was introduced in the 2015 American
Academy of Periodontology Task Force Report, which
updated the 1999Classification of PeriodontalDiseases and
Conditions.15 Patients presenting with a clinical scenario
characterized by probing depth (PD) ≤3 mm with attach-
ment loss and recession following active therapywere clas-
sified as healthy on a reduced periodontium. When bleed-
ing on probing (BOP) was present, the diagnosis shifted
to reduced periodontium with inflammation. This mod-
ification was developed to correctly classify successfully
treated periodontal patients presenting with some attach-
ment loss but without clinical signs of recurrent/refractory
periodontitis. Finally, the 2017 World Workshop high-
lighted the difference between a reduced periodontium
in a stable periodontal patient and a reduced periodon-
tium in a non-periodontitis patient (as a consequence of
recession or crown lengthening procedures) because of the
difference in risk for periodontal disease progression.8 In
regard to implants, the term “reduced periodontium” can-
not be used due to the absence of a periodontal ligament
and cementum. We propose that the term “reduced peri-
implant support” should be utilized to signify an analogous
clinical scenario around a dental implant which presents
with loss of supporting bone.
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3 INFLUENCE OF DIFFERENT
SURGICAL THERAPEUTIC OPTIONS ON
THE DIAGNOSIS OF PERI-IMPLANT
STATUS POST-TREATMENT

As a result of resective therapy, a reduced peri-implant
support with significant reduction of PD (<4 mm) is
expected.16 Resective surgery, defined as an apically posi-
tioned flap combined with ostectomy/osteoplasty and/or
implantoplasty shows favorable results for peri-implantitis
treatment.17,18 Currently, there are few studies evaluating
resective therapy with or without implantoplasty which
include PD measurements in the disease resolution out-
come criteria. Carcuac and coworkers evaluated resective
therapy outcomes in a randomized clinical trial over a 3-
year follow-up.19 The overall success rate of the treatment
(defined by no MBL >0.5 mm, no bleeding/suppuration
on probing, and no PD >4 mm) was 33%.19 Also, Serino
et al. showed in a 2-year follow-up prospective study
that resective and bone recontouring treatment had a
48% peri-implantitis resolution index. In their study, a
healthy peri-implant support was defined on the basis of
PD <4 mm, no bleeding/suppuration on probing, and no
bone loss after remodeling.20 In regard to post-treatment
peri-implant mucositis, an increase in PD can arise from
either decreased peri-implant mucosal probing resistance
or edema of the gingival margin. As a result, PD of <6 mm
was used to define peri-implant mucositis after resective
surgery in the present classification.
Regenerative therapy is indicated when there is recur-

rence of peri-implantitis after non-surgical treatment in
the presence of intra-bony peri-implant defects. Surgi-
cal augmentative peri-implantitis therapy can result in
improved clinical and radiographic treatment outcomes,21
however, outcomes are highly dependent on the morphol-
ogy of the defect.22 After regenerative therapy, several fac-
tors will play a role in PD measurement, including but
not limited to probing pressure, inflammation of the peri-
implant tissue, exposure of implant threads, as well as
implant abutment, and restorative features. In addition,
since the aim of regenerative therapy is to re-establish the
bone levels as close as possible to baseline and not to attain
pocket elimination, a wide range of pocket depths can
be compatible with health or peri-implant mucositis post-
treatment. For recurrent/refractory peri-implantitis, the
presence of progressive bone loss will predispose towards
a deep pocket depth of ≥6 mm. Therefore, after regen-
erative treatment, the clinical signs of inflammation and
amount of PD reduction after surgical therapy (when base-
line information is provided) are of more importance than
a specific PD value. The term recurrent peri-implantitis
denotes a clinical scenario where a period of stability is
attained after treatment, but over time, progressive bone

loss with signs of inflammation redevelop at the site. The
term refractory implies that the attempted treatment failed
to resolve the peri-implantitis and progressive bone loss
continued after surgical therapy.

4 BOP AS A DIAGNOSTIC TOOL FOR
EVALUATING PERI-IMPLANT DISEASES

The predictive capability of BOP as a diagnostic tool has
been a source of study for many years. For diagnosing
periodontitis, despite a low sensitivity of 29%, the absence
of BOP is highly specific (88%) for periodontal health.23
Numerous longitudinal studies monitoring long-term out-
comes of treated and maintained periodontitis patients
concluded that BOP was a poor predictor of future attach-
ment loss.24‒27
Differences in the physiologic characteristics between

peri-implant soft tissues relative to natural teeth result in
different expectations for peri-implant probe penetration,
pocket depth measurements, and BOP tendency. Gener-
ally, PD penetration and measurements are deeper around
implants compared with natural dentition and more likely
to penetrate into connective tissue.28 The deeper pene-
tration of a periodontal probe when measuring PD in a
healthy peri-implant support correlates clinically with an
increased tendency for peri-implant BOP29 with impli-
cations for decreased BOP diagnostic sensitivity around
implants. When teeth and implants in the same patients
were compared in the absence of disease, BOP was signif-
icantly higher at implants compared with teeth.30
The 2017 World Workshop identifies BOP as a key diag-

nostic factor for differentiating between health and peri-
implant mucositis or peri-implantitis.7 When considering
the diagnostic use of BOP, it is important to note that BOP
around both natural teeth and implants has been shown
to occur in the absence of disease,31 and to be dependent
on numerous factors in addition to inflammation, such as
probing force.28,32 BOP frequency directly correlates with
the magnitude of the probing force.33 Gerber et al. (2009)
demonstrated that increasing probing force from 0.15 to
0.25 N corresponded to a 13.7% increase in the prevalence
of BOP around implants, but only a 6.6% increase around
natural dentition. Small differences in probing force can
have an impact on peri-implant BOP measurements com-
plicating the diagnostic analysis.
The literature supports that the absence of BOP is a

strong indicator of peri-implant stability,34 but its pres-
ence is not predictive of disease status. In the present
classification, BOP must be used in conjunction with
visual observations of tissue status assessing color, texture,
and contour, to differentiate between peri-implant health
and peri-implant mucositis after surgical treatment for
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peri-implantitis. Since the literature supports that BOP
may ormay not be present in the scenario of a healthy peri-
implant support, clinical judgment including BOP ten-
dency (isolated spots, linear, or profuse)48 is essentialwhen
differentiating between peri-implant health andmucositis.

5 PD AS A CLINICAL DIAGNOSTIC
PARAMETER FOR EVALUATING
PERI-IMPLANT DISEASES

Different post-surgical PD measurements are expected
depending on if a resective or regenerative approach
is used for peri-implantitis treatment. A major goal of
resective treatment is to achieve pocket depth resolution,
whereas after regenerative therapy, residual PDs are not
incompatible with a state of health. After regenerative
therapy, multiple factors can influence PD measure-
ments including but not limited to implant design and
implant-abutment connection (i.e., standard versus
switched platform and one- versus two-piece implants),35
apico-coronal implant position, and prosthesis design
(emergence profile).36 A randomized clinical trial on
the treatment of peri-implant mucositis demonstrated
that implants with supra-mucosal restorative margins
exhibited significantly greater reductions in PD follow-
ing treatment compared with those with submucosal
restorative margins.37 Moreover, a recently published
systematic review showed that implants with an internal
tapered connection exhibited lower PD than implants
with non-tapered connections.38 These prosthetic and
abutment-related factors are more likely to influence PD
measurements after regenerative treatment compared
with resective surgery with apical positioning of the
tissues. For this reason, after regenerative treatment, we
propose that it is not possible define a range of specific PD
values to differentiate between health and mucositis. This
corroborates what was stated in the 2017 World Workshop
in that it is not possible to define a range of PDs compatible
with health, and of more importance are the clinical signs
of inflammation.7 However, PD ≥ 6 mm is indicative of
recurrent/refractory peri-implantitis. In contrast, after
resective treatment, minimal to no influence of abutment
and prosthetic-related factors are expected due to apical
positioning of the tissues. Therefore, a PD measure-
ment ≤4 mm is compatible with health in this scenario
and deeper PDs are expected only when inflammation
and/or progressive bone loss is present. However, depend-
ing on the bone levels of the adjacent teeth/implants,
pocket depth elimination may or may not be achievable.
In cases where the adjacent bone levels impede complete
pocket elimination, clinical judgement based on the
presence of inflammation and radiographic findings is key

to attain the correct diagnosis. The presence of inflam-
mation can result in decreased resistance to probing and
edema of the gingival margin resulting in deeper PD. In
addition, other factors which can generally impact PD
measurements include size of the probe, probing pressure,
exposed implant threads, and emergence profile.39
This classification provides threshold values that in the

vast majority of cases can aid in differentiating between
health and disease. However, clinical judgment is needed
when interpreting peri-implant PDs, as in some cases, ele-
vated PDs could be associated with both healthy peri-
implant support and peri-implant mucositis. Hence, in
these cases, marginal bone changes should prevail over
pocket depth measurements in distinguishing between
peri-implant health/mucositis and peri-implantitis.

6 RADIOGRAPHIC BONE LOSS

The 2017WorldWorkshop has proposed classifications and
case definitions for peri-implant diseases and conditions
describing peri-implant health, peri-implant mucositis,
and peri-implantitis. The presence of progressive marginal
bone loss (MBL) with a threshold for measurement error
of 0.5 mm is the main parameter to assess the presence
of peri-implantitis if radiographs taken at the time of
implant placement are available. In case of the absence
of previous radiographs, bone levels ≥3 mm apical from
the most coronal portion of the intra-osseous part of the
implant together with PD ≥6 mm and BOP are considered
when diagnosing peri-implantitis. Nevertheless, progres-
sive MBL is the main factor in peri-implantitis diagnosis,
since it is the unique differential factor between mucositis
and peri-implantitis, as BOP and deep PD can be present in
both entities. Accordingly, in the present article, MBL pro-
gression after therapy (considering a 0.5-mm error) is the
main clinical parameter to determine disease progression.7
In case of a submerged regenerative approach, the bone

remodeling which occurs due to the formation of the
supra-crestal attachment soon after re-opening and crown
placement should not be considered progressive bone loss.
It iswell-known thatMBL is a progressive process that usu-
ally begins as a consequence of supra-crestal tissue height
establishment after crown placement.42 It does not nor-
mally occur as a post-surgical consequence40 and it gen-
erally follows a non-linear trend.41 Indeed, it has been
seen that bone remodeling usually occurs in the first 4
to 6 months after loading with minimal changes of the
marginal bone levels occurring after 6 months and up to 5
years.35,40,43‒45,53 The type of connection46 and prosthetic
abutment height47,54 have also been shown to play an
important role in the physiological or pathological progres-
sion of MBL. It is important to highlight that the nature of
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TABLE 1 Diagnosis of peri-implant status following peri-implantitis treatment for both resective and regenerative procedures

Diagnosis PD BOP/Clinical presentation
Radiographic
bone loss

Diagnosis of peri-implant status after resective treatment
Peri-implant health with a
reduced support

≤4 mm Negative or positive without tissue color and texture
changes related to inflammation (clinical judgment).
No evidence of suppuration

No progressive
bone loss

Peri-implant mucositis
with a reduced support

<6 mm Positive with tissue color and texture changes related to
inflammation and/or suppuration

No progressive
bone loss

Recurrent/refractory
peri-implantitis

≥4 mm Positive with tissue color and texture changes related to
inflammation and/or suppuration

Progressive
bone loss

Diagnosis of peri-implant status after regenerative treatment
Peri-implant health after
complete regeneration

Not possible to
define

Negative or positive without tissue color and texture
changes related to inflammation (clinical judgment).
No evidence of suppuration

Complete bone
fill 6 months
after surgery

Peri-implant health with a
reduced support

Not possible to
define

Negative or positive without tissue color and texture
changes related to inflammation (clinical judgement).
No evidence of suppuration

Partial bone fill
6 months
after surgery

Peri-implant mucositis
after complete
regeneration

Not possible to
define

Positive with tissue color and texture changes related to
inflammation and/or suppuration

Complete bone
fill 6 months
after surgery

Peri-implant mucositis
with a reduced support

Not possible to
define

Positive with tissue color and texture changes related to
inflammation and/or suppuration

Partial bone fill
6 months
after surgery

Recurrent/refractory
peri-implantitis

≥ 6 mm Positive with tissue color and texture changes related to
inflammation and/or suppuration

Progressive
bone loss

the biomaterial used for regenerative techniques can influ-
ence the radiographic presentation of the regenerated area.

7 CLASSIFICATION OF
PERI-IMPLANT STATUS AFTER
SURGICAL TREATMENT FOR
PERI-IMPLANTITIS

The diagnostic assessment is based on clinical and
radiographic findings with the main criteria being PD,
BOP/visual inspection, and radiographic crestal bone lev-
els (Table 1). Visual inspection should include assessment
of tissue color, contour, and texture as well as the pattern
of BOP tendency (isolated spots, linear, or profuse).48 After
resective treatment for peri-implantitis, peri-implant sta-
tus can be classified as:

1. Peri-implant health with a reduced support (Figure 2A)
2. Peri-implant mucositis with a reduced support (Fig-

ure 2B)
3. Recurrent/refractory peri-implantitis (Figure 2C)

A reduced support is an expected outcome of resec-
tive treatment. Although there is evidence in the litera-
ture that this surgical modality49 as well as non-surgical

therapy50 can lead to partial regeneration, the final out-
come will still result in an implant with a reduced support.
Recurrent/refractory peri-implantitis after resective treat-
ment is characterized by progressive increase in pocket
depth and MBL. It is also important to note that clin-
ical peri-implant health on a reduced support can exist
for non-peri-implantitis patients who present with reces-
sion and attachment loss for causes including but not
limited to implant malpositioning, thin soft tissues, and
untreated hard tissue deficiencies present before implant
placement.51 These cases can also be diagnosed as either
peri-implant health/mucositis with a reduced support
according to the proposed classification.
After regenerative treatment for peri-implantitis, the

peri-implant status can be classified according to the same
diagnoses (Figures 3B, 3D, and 3E) with the addition
of peri-implant health after complete regeneration (Fig-
ure 3A) and peri-implantmucositis after complete regener-
ation (Figure 3C) for the clinical scenarios where bone fill
up to the height of the implant shoulder is achieved. If only
partial regeneration is achieved, the potential diagnoses of
peri-implant status are peri-implant health or mucositis
with a reduced support. The presence of progressive bone
loss is indicative of recurrent/refractory peri-implantitis.
The purist approach of resective or regenerative treat-

ment alone is not always indicated since some lesions
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F IGURE 2 Peri-implant status after
resective treatment: a reduced level of
support is an expected outcome of resective
treatment. A) Peri-implant health with a
reduced support denotes a successful
treatment outcome with no progression of
bone loss and resolution of inflammation. B)
Peri-implant mucositis with a reduced
support is characterized by inflammation
localized within the soft tissue without
progressive bone loss. C)
Recurrent/refractory peri-implantitis
corresponds with progressive bone loss after
treatment. Implantoplasty was illustrated
solely to facilitate the comprehension of the
reader by showing a hypothetical example of
possible outcomes after resective surgery,
since the aim of the present article is to
establish a diagnosis and not to suggest
treatment

F IGURE 3 Peri-implant status after
regenerative treatment: A) Peri-implant
health after complete regeneration denotes a
successful treatment outcome and is
characterized by complete regeneration of the
bone support to the original position at the
time of implant placement. B) Peri-implant
health with a reduced support is another
possible treatment outcome where partial
bone fill is attained. In addition, this outcome
is possible in cases of complete bone fill if the
crest of the intra-bony defect has resorbed
apical to its original position. C) Peri-implant
mucositis after complete regeneration
corresponds to the clinical scenario where
complete regeneration has been attained but
soft tissue inflammation is present. D)
Peri-implant mucositis with a reduced
support corresponds to a regenerative
outcome where the bone level is apical to the
original position at the time of implant
placement and soft tissue inflammation is
present. E) Recurrent/refractory
peri-implantitis is characterized by
progressive bone loss after treatment

may present with complex morphologies that are best
treated with a combination of these modalities. In cases
where a combined resective and regenerative approach
is utilized, the outcome will be a reduced support since
regeneration in this scenario will not reproduce the bone
level at implant placement (peri-implant health after
complete regeneration).

The goal of the proposed classification is to guide
diagnosis of peri-implant status post-treatment for peri-
implantitis taking into consideration all the possible
clinical scenarios that a clinician can experience in
everyday practice. Clinical and radiographic parameters
needed for diagnosis must be obtained during at least two
separate visits spaced 6 months apart to establish evidence
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F IGURE 4 A flowchart illustrating how to use the proposed classification system for diagnosing peri-implant status following peri-
implantitis treatment. Baseline radiographic and clinical parameters refer to pre-surgical charting and post-surgical radiographs. If signs and
symptoms of inflammation such as suppuration are present the implant must be treated accordingly. If the prosthesis must be removed during
the course of treatment, the 6-month duration between the two separate visits needed to establish a post-treatment diagnosis must occur after
the implant prosthesis is re-inserted, and the implant is loaded

of progression or stability post-treatment. It is valuable to
consider that in some cases during regeneration, it may
be necessary to remove the prosthesis during the course
of peri-implantitis treatment to allow for submerged
healing.52 If the prosthesis is removed during the course
of treatment, then the timing for diagnosis must take this
into account. The 6-month duration between the two sep-
arate visits needed to establish a post-treatment diagnosis
must occur when the implant is loaded. The flowchart in
Figure 4 describes in detail the decision-making process
to arrive at a diagnosis taking into account all the possible
clinical scenarios.

8 SUCCESS CRITERIA AFTER
SURGICAL TREATMENT FOR
PERI-IMPLANTITIS

The present article does not aim to suggest the best ther-
apeutic approach, but instead provides a framework to
arrive at a diagnosis for an implant previously treated for
peri-implantitis. After resective or regenerative therapy for
the treatment of peri-implantitis, it is essential to differen-
tiate between disease progression and stability. The pro-
posed classification system can be utilized to differenti-
ate between a successful treatment outcome and cases that
require further treatment. After resective treatment, a suc-
cessful outcome is defined as peri-implant health with a
reduced support. After regenerative therapy, a successful
outcome is described as either peri-implant health after

complete regeneration if full regeneration is achieved, or
peri-implant health with a reduced support. It is important
to note that even if complete bone fill of the bony defect is
attained after regenerative therapy, the implant may still
present with reduced support if the crest of the intra-bony
defect has resorbed apical to its original position. This sce-
nario corresponds to peri-implant health with a reduced
support and is still considered a treatment success as dis-
ease progression was arrested and stable bone levels with
healthy peri-implant soft tissues were attained.

9 CONCLUSIONS

Evaluating the peri-implant condition after surgery is
essential in establishing a post-treatment diagnosis to
inform post-surgical decision-making. Providing a frame-
work for classifying different variations of health and
disease facilitates standardization of terminology and
concepts used in communication amongst clinicians
and researchers. Our classification system is a proposal
which aims to align with and build upon the recent 2017
World Workshops on peri-implant diseases and condi-
tions. Future studies are needed to validate the proposed
classification system to evaluate its use in patient care.
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