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m Abstract

017 World Workshop classified peri-implant diseases into health, peri-implant
i-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 resective or regenerative surgical

treatment fs peri-implantitis.

Methods: Agliféfagure review was conducted to discuss the relevant diagnostic clinical and
radiographi @ eters, including probing depth (PD), bleeding on probing (BOP), visual inspection,
and radiographigghenc loss. Case definitions of possible treatment outcomes were discussed, and a
flowchart constructed to guide post-treatment diagnosis according to all the possible clinical

scenarios wich cg be encountered in daily practice.

Results: Tmble treatment outcomes were identified after resective treatment of peri-

implantitis y implant with a reduced support, 2) peri-implant mucositis with a reduced

support, and rrent/refractory peri-implantitis. After regenerative treatment for peri-implantitis,

the peri condition was classified according to the same diagnoses with the addition of healthy
implant or peri-implant mucositis after complete regeneration for cases where complete regeneration
was attained. Criteria for successful treatment of peri-implantitis were proposed. After resective

therapy, a successful treatment outcome was defined as healthy implant with a reduced support,
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whereas, after regenerative therapy, a successful outcome was described as either peri-implant health

after complete regeneration or healthy implant with a reduced support.

Concluwroposed classification system of peri-implant status after treatment for peri-

implantitisamework for diagnosing the various forms of peri-implant stability or disease

in order to g 1 decision-making post-treatment.
I
<PE-FRONW'END>

O

Background
Pem‘[ disease etiology is believed to be primarily microbially-mediated, with evidence

to support that ad@itional factors can influence susceptibility, including but not limited to the width

and thickn ri-implant keratinized mucosa and implant positioning " *. An exposure-response
relationshi the accumulation of bacterial biofilm and subsequent inflammatory changes in
peri-impla issues has been shown > *. Peri-implant mucositis is a reversible inflammatory

, involving destruction of peri-implant bone support '. The 2017 World Workshop

response ¢ the soft tissue °. If left untreated, peri-implant mucositis can potentially progress
into peri-inypla

on the of periodontal and peri-implant diseases and conditions recently proposed case

definitions fo periodontal and peri-implant diseases " *’. For periodontal diseases it set forth a
rk to classify periodontal health, gingivitis, periodontitis, and status after
periodontitis treatment * °. Although a framework was also proposed for the diagnosis of peri-implant
diseases ( re 1A-C), there is still a need for a classification system which specifically addresses
peri-implant stafus after treatment for peri-implantitis, as this topic was briefly described but not

expanded @ i

implants bein@Placed, the number of peri-implantitis cases will also rise. It has been projected that in
the Unitefzafes alone, dental implant prevalence will rise from 5.7% to 23% by 2026 . It is

estimat

formal framework " 7. With the current trend towards increasing numbers of

10% of implants inserted will develop peri-implantitis within a 10-year window
"' The Hd patient-level prevalence of peri-implantitis has been measured to be around
11.4% % a %, respectively > 'Y, Between the two extremes of healthy and failing implant for
which them needs will be agreed upon by the majority of clinicians, there are grey zones

which complj tection of disease. A classification system characterizing peri-implant status after

i-implantitis will facilitate diagnosis of the various forms of peri-implant stability or
disease in order tof 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.
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Reduced periodontium in natural dentition as a building block for classifying treated implants with

reduced

Th @ of reduced periodontium associated with natural dentition was introduced in the
2015 @Wcademy of Periodontology Task Force Report, which updated the 1999

of Periodontal Diseases and Conditions "°. Patients presenting with a clinical scenario

present, the diagnosis shifted to reduced periodontium with inflammation. This modification was
developed @o correctly classify successfully treated periodontal patients presenting with some
attachment t without clinical signs of recurrent/refractory periodontitis. Finally, the 2017
World Workshop Righlighted the difference between a reduced periodontium in a stable periodontal
patient and a reduced periodontium in a non-periodontitis patient (as a consequence of recession or
crown len%ening procedures) because of the difference in risk for periodontal disease progression *.
In regard to implants, the term “reduced periodontium” cannot be employed due to the absence of a
periodontal§ili t and cementum. We propose that the term “reduced peri-implant support” should

be utilized t0'siZAtty an analogous clinical scenario around a dental implant which presents with loss

) SuppE

The influence of different surgical therapeutic options on the diagnosis of peri-implant status post-

treatment

Asfa of resective therapy, a reduced peri-implant support with significant reduction of

probing pocREM@EPth (< 4mm) is expected '°. Resective surgery, defined as an apically positioned flap

combined glis osteoplasty and/or implantoplasty shows favorable results for peri-implantitis

treatme rrently, there are few studies evaluating resective therapy with or without
implant(Hh include PD measurements in the disease resolution outcome criteria. Carcuac
and cowor uated resective therapy outcomes in a randomized clinical trial over a 3- year
follow- upBerall success rate of the treatment (defined by no MBL >0.5 mm, no BOP, no

PD >4 mm) was 33% ". Also, Serino and coworkers showed in a 2- year

suppuration
follow- pective study that resective and bone recontouring treatment had a 48% peri-

implantitis resoluft®n index. In their study, “healthy” implants were defined on the basis of PD <4
mm, no bleeding/suppuration on probing, and no bone loss after remodeling *°. In regard to post-

treatment peri-implant mucositis, an increase in PD can arise from either decreased peri-implant
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mucosal probing resistance or edema of the gingival margin. As a result, a PD of <6 mm was used to

define peri-implant mucositis after resective surgery in the present classification.

We therapy is indicated when there is recurrence of peri-implantitis after non-

surgical trg

the presence of intra- bony peri- implant defects. Surgical augmentative peri-
implantitis i result in improved clinical and radiographic treatment outcomes *', however,
outcom&8 HFEREAR dependent on the morphology of the defect 2. After regenerative therapy, several
factors wi role in PD measurement, including but not limited to probing pressure,
inﬂammatim peri- implant tissue, exposure of implant threads, as well as implant abutment,
and restora res. In addition, since the aim of regenerative therapy is to re-establish the bone
levels as cwossible to baseline and not to attain pocket elimination, a wide range of pocket
depths ca compatible with health or peri-implant mucositis post-treatment. For
recurrent/refracto;y peri-implantitis, the presence of progressive bone loss will predispose towards

a deep pocket depth of > 6mm. Therefore, after regenerative treatment, the clinical signs of

inflammation and amount of probing depth reduction after surgical therapy (when baseline
u

information is provided) are of more importance than a specific probing depth value. The term

recurrent peri-implantitis denotes a clinical scenario where a period of stability is attained after
| U W |

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.

Bleeding OM (BOP) as a diagnostic tool for evaluating peri-implant diseases

ve capability of BOP as a diagnostic tool has been a source of study for many

years. For didgnosing periodontitis, despite a low sensitivity of 29%, the absence of bleeding on

probing is s ghly specific (88%) for periodontal health **. Numerous longitudinal studies monitoring

long-te of treated and maintained periodontitis patients concluded that BOP was a poor

predictthtachment loss 7.

Difference§ in the physiologic characteristics between peri-implant soft tissues relative to

natural teeth re in different expectations for peri-implant probe penetration, pocket depth

and bleeding on probing tendency. Generally, probing depth penetration and
measuremen eeper around implants compared to natural dentition and more likely to penetrate
into connective tissue **. The deeper penetration of the periodontal probe when measuring PD around
healthy implants correlates clinically with an increased tendency for peri-implant BOP * with

implications for decreased BOP diagnostic sensitivity around implants. When teeth and implants in
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the same patients were compared in the absence of disease, BOP was significantly higher at implants

compared to teeth *°.

M’Vorld Workshop identifies BOP as a key diagnostic factor for differentiating

7

between hga peri-implant mucositis or peri-implantitis '. When considering the diagnostic

utility of B ortant to note that BOP around both natural teeth and implants has been shown

. . 31 . ..
to occuf® i e Bsence of disease °', and to be dependent on numerous factors in addition to
inflammati as probing force ** *

probing fowrber et al. (2009) demonstrated that increasing probing force from 0.15 to 0.25 N

. BOP frequency directly correlates with the magnitude of
correspond 3.7% increase in the prevalence of BOP around implants, but only a 6.6% increase
around namﬁon. Small differences in probing force can have an impact on peri-implant BOP

measureme licating the diagnostic analysis.

—
The literature supports that the absence of BOP is a strong indicator of peri-implant stability

** but its presence is not predictive of disease status. In the present classification, BOP must be
utilized in gnjunction with visual observations of tissue status assessing colour, texture, and contour,
in order to differentiate between peri-implant health and peri-implant mucositis after surgical
treatment fOr implantitis. Since the literature supports that BOP may or may not be present

around healthy$plants, clinical judgement must be utilized when differentiating between peri-

implantEmucosiﬁs.

Probing pocket depth (PD) as a clinical diagnostic parameter for evaluating peri-implant diseases

Di;!eren! post-surgical PD measurements are expected based on if a resective or regenerative

approach i for peri-implantitis treatment. A major goal of resective treatment is to achieve

pocket dep gSolution, whereas after regenerative therapy, residual probing depths are not
incompatis WIEE a state of health. After regenerative therapy, multiple factors can influence PD

measur ding but not limited to implant design and implant-abutment connection (i.e.

standar

|

itched platform and one- versus two-piece implants) >, apico-coronal implant
position, a esis design (emergence profile) *°. A randomized clinical trial on the treatment of
peri-implamtis demonstrated that implants with supra-mucosal restorative margins exhibited
significantly g

restorat ﬁ vi

ins *’. Moreover, a recently published systematic review showed that implants with

r reductions in PD following treatment compared to those with submucosal

an internal taperé® connection exhibited lower PD than implants with non-tapered connections *°.
These prosthetic and abutment-related factors are more likely to influence PD measurements after
regenerative treatment compared to 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
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probing depth 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 probing depths

compatible with health, and of more importance are the clinical signs of inflammation’. However, PD
———

=6 mm is indicative of recurrent/refractory peri-implantitis. Contrarily, after resective treatment,
[ 4 A

minimal to no influence of abutment and prosthetic-related factors are expected due to apical

positioning of the tissues. Therefore, a PD measurement <4 mm is compatible with health in this

~
scenario and deeper PDs are expected only when inflammation and/or progressive bone loss is

present. The presence of inflammation 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

measuremmde size of the probe, probing pressure, and exposed implant threads *°.

This classification provides threshold values that in the vast majority of cases can aid in
Y

differentiating between health and disease. However, clinical judgement is needed when
- 4

interpreting peri-implant probing depths, as in some cases, elevated probing depths could be
y——

associated with both healthy implants and peri-implant mucositis. Hence, in these cases, marginal
—

bone changes should prevail over pocket depth measurements in distinguishing between peri-
| 25 W

implant health/mucositis and peri-implantitis.
w W

Radiogr one loss

The 2017 World Workshop has proposed classifications and case definitions for peri-implant
diseases awmns describing peri-implant health, peri-implant mucositis, and peri-implantitis.
The presencg

implant plac re available. In case of the absence of previous radiographs, bone levels >3 mm

ogressive marginal bone loss (MBL) with a threshold for measurement error of 0.5

mm is the ameter to assess the presence of peri-implantitis if radiographs taken at the time of

apical fronfithe most coronal portion of the intra-osseous part of the implant together with PD >6 mm
and BOP aE consiiered when diagnosing peri-implantitis. Nevertheless, progressive MBL is the main
factor in pCri-implantitis diagnosis, since it is the unique differential factor between mucositis and

peri-implantitis, aSBOP and deep PD can be present in both entities. Accordingly, in the present

article, M ression after therapy (considering a 0.5 mm error) is the main clinical parameter to

. . 7
determi € progression .

In case of a“Slibmerged 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 is well-known that MBL is a progressive event, normally not due

to surgical procedures *°, that follows a non-linear trend *', and that usually begins as a consequence

This article is protected by copyright. All rights reserved.



of biological width establishment or supra-crestal tissue remodelling after crown placement **. Indeed,
it has been seen that bone remodeling usually occurs in the first 4-6 months with minimal changes of

the maerels occurring after 8 months and up to 5 years > *>**** The type of connection

46 abutment height ¥’ have also been shown to play an important role in the

i @ hological progression of MBL. It is important to highlight that the nature of the

biomategial _used for regenerative techniques can influence the radiographic presentation of the

regencratediarea

Cr

Classificatigu ofgeri-implant status after surgical treatment for peri-implantitis

The"diagfiostic assessment is based on clinical and radiographic findings with the main

criteria being BOP/visual inspection, and radiographic crestal bone levels (Table 1). Visual

1S

inspection nclude assessment of tissue colour, contour, and texture as well as the pattern of

BOP tend ated spots, linear, or profuse) **. After resective treatment for peri-implantitis,

N

peri-impla an be classified as:

1. Heglth lant with a reduced support (Figure 2A)

d

2. Peri-implant mucositis with a reduced support (Figure 2B)
3. t/refractory peri-implantitis (Figure 2C)

v

A reduced support is an expected outcome of resective treatment. Although there is evidence in the

9 0

literature that this surgical modality ** as well as non-surgical therapy *° can lead to partial
regeneration, the final outcome will still result in an implant with a reduced support.
Recurrent/refractory peri-implantitis after resective treatment is characterized by progressive
increase in pocket depth and marginal bone loss. It is also important to note that clinical peri-implant
health on a reduced support can exist for non-peri-implantitis patients who present with recession and
attachment loss for causes including but not limited to implant malpositioning, thin soft tissues, and
untreated hard tissue deficiencies present prior to implant placement . These cases can also be
diagnosed as either peri-implant health/mucositis with a reduced support according to the proposed

classification.

After re ive treatment for peri-implantitis, the peri-implant status can be classified

same diagnoses (Figure 3B, 3D, 3E) with the addition of healthy implant after
complete regenerafion (Figure 3A) and peri-implant mucositis after complete regeneration (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
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health or mucositis with a reduced support. The presence of progressive bone loss is indicative of

recurrent/refractory peri-implantitis.

TheMoach of resective or regenerative treatment alone is not always indicated since

some lesio yresent with complex morphologies that are best treated with a combination of

these moda ases where a combined resective and regenerative approach is utilized, the
outcome vgl be a reduced support since regeneration in this scenario will not reproduce the bone

level at im ement (healthy implant after complete regeneration).

C

Th f the proposed classification is to guide diagnosis of peri-implant status post-

treatment mplantitis taking into consideration all the possible clinical scenarios that a

o

clinician ¢ x@frience in everyday practice. Clinical and radiographic parameters needed for

diagnosis btained during at least two separate visits spaced six months apart in order to

U

establish e f progression or stability post-treatment. It is valuable to consider that in some

cases duri ration, it may be necessary to remove the prosthesis during the course of peri-

3

implantitis t to allow for submerged healing **. If the prosthesis is removed during the course

of treatme e timing for diagnosis must take this into account. The 6-month duration between
the two separa its needed to establish a post-treatment diagnosis must occur when the implant is

loaded.

d

art in Figure 4 describes in detail the decision-making process to arrive at a

diagnosis t into account all the possible clinical scenarios.

Vi

Success crigeria after surgical treatment for peri-implantitis

[

The presemtmacticle does not aim to suggest the best therapeutic approach, but instead provides a

framewor e at a diagnosis for an implant previously treated for peri-implantitis. After

resective or ative therapy for the treatment of peri-implantitis, it is essential to differentiate

between di§ease progression and stability. The proposed classification system can be utilized to

9

differentiatg betwegn a successful treatment outcome and cases that require further treatment. After

1

resective treatment, a successful outcome is defined as healthy implant with a reduced support. After

regenerative theraPy, a successful outcome is described as either healthy implant after complete

Ul

regeneratio regeneration is achieved, or healthy implant with a reduced support. It is important

to note t if complete bone fill of the bony defect is attained after regenerative therapy, the

A

implant m resent with reduced support if the crest of the intra-bony defect has resorbed apical
to its original position. This scenario corresponds to healthy implant with a reduced support and is still
considered a treatment success as disease progression was arrested and stable bone levels with healthy

peri-implant soft tissues were attained.
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Conclusion

Evaluaftig the peri-implant condition after surgery is essential in establishing a post-treatment
diagnosis st—surgical decision-making. Providing a framework for classifying different
Variatiow W and disease facilitates standardization of terminology and concepts used in
communicgfion 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

conditions WFuturelstudies are needed to validate the proposed classification system in order to

evaluate its use atient care.
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Table and li re Legends:

O

I
Table 1: Diggnosis of peri-implant status following peri-implantitis treatment for both resective and

regenerati ures.

Figure 1: lw?nt status before treatment: health (14), peri-implant mucositis (1B), or peri-

implantitis (1C,

Peri-implant status before treatment

v -

Peri-implant health Peri-implant mucositis Peri-implantitis

B
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Figure 2: Peri-implant status after resective treatment: A reduced level of support is an expected

outcome e treatment. 24 Healthy implant with a reduced support denotes a successful
treatment no progression of bone loss and resolution of inflammation. 2B: Peri-implant

mucositis

withoutﬂrmone loss. 2C: Recurrent/refractory peri-implantitis corresponds with progressive

d support is characterized by inflammation localized within the soft tissue

bone loss

implantopl@

ent. Note the smooth surface of the supra-bony portion of the implant after

Peri-implant status after resective treatment

Healthy implant with Peri-implant mucositis with Recurrent / Refractory
a reduced support a reduced support peri-implantitis

[ B

Author ®
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Figure 3: Peri-implant status after regenerative treatment: 34) Healthy implant after complete
regenera s a successful treatment outcome and is characterized by complete regeneration of
the bone s @ he original position at the time of implant placement. 3B) Healthy implant with a
reduced su er possible treatment outcome where partial bone fill is attained. In addition,

this outE®nTEHPBSEible in cases of complete bone fill if the crest of the intra-bony defect has resorbed

apical to itssomigi@al position. 3C) Peri-implant mucositis after complete regeneration corresponds to
the clinical@€endfiy where complete regeneration has been attained but soft tissue inflammation is
present. 3 igimplant mucositis with a reduced support corresponds to a regenerative outcome

where the ml is apical to the original position at the time of implant placement and soft tissue

inflammati sent. 3E) Recurrent/refractory peri-implantitis is characterized by progressive bone

loss after T

Peri-implant status after regenerative treatment

p ; -
/ ’ |
i / i i
Healthy implant after Healthy implant with Peri-implant mucositis after
complete regeneration a reduced support complete regeneration

(B

)
1r\ 4 \
i |

Peri-implant mucositis with Recurrent / Refractory
a reduced support peri-implantitis

AL

This article is protected by copyright. All rights reserved.



Figure 4: A flowchart illustrating how to utilize the proposed classification system for diagnosing

peri-imp “following peri-implantitis treatment. Baseline radiographic and clinical parameters

refer to prefs charting and post-surgical radiographs. If signs and symptoms of inflammation

such as sup present the implant must be treated accordingly. If the prosthesis must be
remove & FFERRE course of treatment, the 6-month duration between the two separate visits needed
to establislheatment diagnosis must occur after the implant prosthesis is re-inserted, and the

implant is ed:

‘N

Implant treated for peri-implantitis

Are there signs and symptoms of infection? [ @ Emmmal EBaseline radiographs and charting available after treatment?

Baseline radiographs and charting available after treatment? / \\
>Gmopost-surgery: | | <6 mo post-surgery: | @1
» Compare with pre-surgical s Treat accordingly
data to establish diagnasis. * Re-evaluate 6 months * Obtain radiographs and

@ @ after surgery 1o establish charting
diagnosis * Treat accordingly
/ \ l \\\ + Re-evaluate after 6 months
10 establisn a diagnosis
Surgery < 6 mo ago: | [ surgery > 6 mo ago: | surgery <6moago: | | Surgery > 6 mo ago: |
* Update radiograph .U o * Obtain radiographs and s0i
P o biain radiographs and charting

and charting & mo and charting and charting 6 mo post-surgery s After 6 mo, update radiographs

post-surgery and establish diagnosis  Update radiographs and and charting o estabish diagnosis

establish diagnosis charting and estabish

diagnosis 12 mo post-
surgery

Author M
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Table 1: Diagnosis of peri-implant status following peri-implantitis treatment for both resective and
regener: ures.

Radiographic bone

Diagnosis PD BOP/Clinical presentation
loss
Negative or positive without tissue color and texture
Healthy implant wi . . L )
<4mm changes related to inflammation (clinical judgement). | No progressive bone loss

reduced suppo . .
No evidence of suppuration.

Recurrent/Refracto Positive with tissue color and texture changes related

Progressive bone loss

implantitis to inflammation and/or suppuration

Radiographic bone

PD BOP/Clinical presentation

Diagno ‘

loss
) Negative or positive without tissue color and texture
Healthy implant after Not possible . . L Complete bone fill 6
changes related to inflammation (clinical judgement).
complete regeneration to define months after surgery

No evidence of suppuration.

Peri-implant mucosi Not possible | Positive with tissue color and texture changes related Complete bone fill 6

to define to inflammation and/or suppuration months after surgery

Recurrent/Refrag

Progressive bone loss

VP Positive with tissue color and texture changes related
> 6 mm

implantitis to inflammation and/or suppuration
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