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ABSTRACT

Introduction Peri-implantitis, a common biological
complication of dental implant, has attracted considerable
attention due to its increasing prevalence and limited
treatment efficacy. Previous studies have reported several
risk factors associated with the onset of peri-implantitis
(eg, history of periodontitis, poor plaque control and
smoking). However, inadequate data are available on the
association between these risk factors and successful
outcome after peri-implantitis therapy. This prospective
cohort study aims to identify the local and systemic
predictive factors for the treatment success of peri-
implantitis.

Methods and analysis A single-centre cohort study will
be conducted by recruiting 275 patients diagnosed with
peri-implantitis. Sociodemographic variables, healthy
lifestyles and systemic disorders will be obtained using
questionnaires. In addition, clinical and radiographic
examinations will be conducted at baseline and follow-
up visits. Treatment success is defined as no bleeding

on probing on more than one point, no suppuration,

no further marginal bone loss (>0.5mm) and probing
pocket depth <5mm at the 12-month follow-up interval.
After adjustment for age, sex and socioeconomic status,
potential prognostic factors related to treatment success
will be identified using multivariable logistic regression
models.

Ethics and dissemination This cohort study in its current
version (2.0, 15 July 2022) is in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of Stomatological Hospital, Southern Medical
University (EC-CT-(2022)34). The publication will be on
behalf of the study site.

Trial registration number ChiCTR2200066262.

INTRODUCTION

With the development of implant dentistry,
implant therapy is a widely accepted strategy
for restoring missing teeth." As a common
biological complication of implant therapy,
peri-implantitis has attracted considerable
attention because of itsincreasing prevalence.2
Peri-implantitis is a plaque-associated patho-
logical condition in tissues around dental
implants. The typical clinical characteristics

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This prospective cohort ensures the accuracy and
reliability of the findings by recruiting a relative-
ly large sample size and using robust statistical
analysis.

= This study uses longitudinal and multiple follow-ups
for dynamic monitoring of the developmental trajec-
tory of peri-implantitis after treatment.

= As patients with peri-implantitis are voluntary to re-
ceive treatment, non-responders or recall bias could
exist during recruitment.

= Recruitment from a single centre may cause selec-
tion bias and limited generalisation.

= Eighteen months of follow-up duration might be suf-
fice to show the treatment outcome, but a longer
follow-up may be of interest to observe the effect of

different predictive factors on treatment outcomes.

of sites exhibiting peri-implantitis involve
gingival bleeding and/or suppuration, deep-
ening periodontal pockets and supporting
bone loss.” The pathological bone loss
observed in peri-implantitis should not be
conflated with the natural process of physio-
logical bone remodelling following implanta-
tion. Initial physiological bone remodelling
was defined as the bone loss happening from
implant placement to the end of the bone
remodelling, generally, lyear after crown
placement.” Box 1 presents the case defini-
tion and diagnosis criteria according to the
2017 World Workshop on the Classification
of Periodontal and Peri-Implant Diseases
and Conditions.” Before the consensus was
proposed, the prevalence of peri-implantitis
varied according to different case definitions.
The prevalence of peri-implantitis case defi-
nition with a cut-off of 2mm of bone level is
20% atimplant level and 24% at patient level.
The prevalences of the peri-implant condi-
tions with a cut-off of 3mm of bone levels are
11% at implant site and 14% at patient site.”
A systematic review indicated the prevalence
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BOX 1 DEFINITION AND DIAGNOSIS OF PERI-IMPLANTITIS

= Peri-implantitis is a plaque-associated pathological condition oc-
curring in tissues around dental implants, characterised by inflam-
mation in the peri-implant mucosa and subsequent progressive loss
of supporting bone.
= Diagnosis of peri-implantitis requires:
1. Presence of bleeding and/or suppuration on gentle probing.
2. Increased probing pocket depth compared with previous
examinations.
3. Presence of bone loss beyond crestal bone level changes result-
ing from initial bone remodelling.
= In the absence of previous examination data, diagnosis of peri-
implantitis can be based on the combination of:
1. Presence of bleeding and/or suppuration on gentle probing.
2. Probing pocket depths >6 mm.
3. Bone levels >3 mm apical of the most coronal portion of the in-

traosseous part of the implant.

of peri-implantitis was estimated at 12.53% and 19.53% at
implant and patient levels, respectively.6 Despite the prev-
alence threshold and definition varying across studies, the
importance of peri-implantitis cannot be underestimated.

In comparison, periodontitis is a chronic inflamma-
tory disease affecting the supporting structures of natural
teeth. Although peri-implantitis and periodontitis share
similar clinical phenotypes and risk factors, they have
distinct clinical progression, histological characteris-
tics and microbial composition. % A recent in vivo study
suggested that dental implants had an excessive inflam-
matory response to bacterial infection compared with
natural teeth.’ Next, the surface of dental implants differs
from dental roots as implants are rough, coated and have
screw windings. The difference in pathogenesis and
surface structures might explain why the routine therapy
for periodontitis (eg, scaling, root planing and polishing)
is effective in periodontitis but does not equally fare well
against peri-implantitis. Briefly, the successful treatment
of peri-implantitis has become one of the most critical
challenges in implant dentistry.

Numerous clinical studies have focused on risk factors
for the onset of peri-implantitis, with mainly two iden-
tified categories: history of periodontitis and poor
plaque control (including lack of regular maintenance
therapy).lo_12 Recently, a long-term retrospective study
indicated that the stages and grades of periodontitis are
risk indicators for peri-implant diseases.” Peri-implant
disease was more common in patients with stage IV
periodontitis, and implant loss due to peri-implantitis
was higher in patients who had bone augmentation. In
addition, there are other risk factors for the incidence
of peri-implantitis: patientrelated factors (eg, smoking
behaviour, diabetes and susceptibility genes), implant-
related factors (eg, implant surface characteristics,
implant designs, titanium particles and the width of kera-
tinised mucosa), prosthesis-related factors (eg, occlusal
forces, overcontoured restorations and excess cement)
and iatrogenic factors.'* In contrast, rare cohort studies

focused on the associations between potential predictive
indicators and treatment outcomes.' '’ Several factors
were reported to possibly influence the outcome of peri-
implantitis surgical therapy, such as the history of peri-
odontitis, serve peri-implant bone loss, deep probing
pocket, suppuration, smoking and poor postopera-
tive control of plaque. Further longitudinal studies are
warranted to screen the predictors of peri-implantitis
progression after non-surgical or surgical treatment.

Therefore, we proposed a prospective cohort study
aiming to identify the local and systemic predictive factors
to predict the treatment success of peri-implantitis.

METHODS

Study design

This single-centre prospective cohort study will be
conducted by the Center of Oral Implantology of the
Stomatological Hospital, Southern Medical University.
Patients treated with implants at the Center of Oral
Implantology from January 2010 to December 2019 will
be recalled by phone calls. We will ask eligible volunteers
to participate in the cohort study based on the inclusion
and exclusion criteria. Informed consent will then be
obtained from all the patients. Recruitment will last for
6months. We intend to recruit 275 patients with peri-
implantitis. Peri-implantitis rarely occurs in isolation but
frequently coexisting with periodontitis. A 3-year longi-
tudinal study suggested that adjacent teeth may become
the microbial reservoir for peri-implant bacteria.'® Thus,
the patients with peri-implantitis will receive supragin-
gival and subgingival scaling for natural teeth concomi-
tant with treatment for implant. Treating peri-implantitis
involves a non-surgical, surgical therapy (if necessary)
and supportive treatment. The recruitment will last from
1st December 2022 to Ist July 2023 and patients will be
followed at 6-month, 12-month and 18-month intervals
after non-surgical peri-implantitis treatment. In order
to ensure the minimum loss of follow-up, patients with
good compliance will be preferentially included in this
experiment. This cohort study in its current version (2.0,
15 July 2022) is in accordance with the Declaration of
Helsinki and was approved by the Ethics Committee of
Stomatological Hospital, Southern Medical University
(EC-CT-(2022)34), see online supplemental file 1). In
addition, this protocol has already been registered on the
Chinese Clinical Trials Registry (ChiCTR2200066262).
The reporting of this study protocol will conform to the
STrengthening the Reporting of OBservational studies in
Epidemiology guideline (online supplemental file 2).

Sample size calculation

The sample size was calculated based on the results of
our pilot study. In the routine treatment, the proportion
of successful treatment for peri-implantitis was approx-
imately 20% at the 18-month follow-up interval. There-
fore, the sample size was calculated with a precision of
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5% and a type 1 error of 5%. The formula for the sample
size is as follows.

Z 2 p(d=p)

1—

Samplesize = 2 ya

_ 1.962x0.20(1-0.20) _
- 0.05? =246

where Zl_% is the standard normal variate, « is the type
I error, p is the expected proportion of successful treat-
ment, and d is the absolute error or precision.19 There-
fore, we need to recruit 246 patients with peri-implantitis.
Predicting >10% loss to follow-up, 275 patients with peri-
implantitis will be enrolled.

Study procedures

Two research assistants (RAs) will call the participants to
ask for their willingness to participate in the examination.
The RAs will explain the purposes of the research and
answer all the questions about potential risks, benefits and
confidentiality. Peri-implantitis will be diagnosed by clin-
ical examinations, during which the inclusion and exclu-
sion criteria will be applied. Patients with peri-implantitis
willing to participate will sign an informed consent form.
A copy of the consent form will be included in patients’
medical records, and another copy will be given to them.
Two dentists (YL and PZ) who have already passed the
standardised training and now worked as periodontist
and implantologist desperately will conduct clinical exam-
inations and treatment for patients with peri-implantitis.
Kappa values ranged from 0.50 (for keratinised tissue)
to 0.81 (probing depth). To calibrate the cone-beam
CT (CBCT) images reproducibly measuring the peri-
implant marginal bone loss, two individuals (YZ and
AL) will independently measure the implant marginal
bone loss. If there is conflict, a referee will be called to
conduct reassessment and make final decision. Patients
will attend four follow-up visits in this cohort study which
are scheduled at the baseline (T0) and 6 (T1), 12 (T2)
and 18 months (T3) (figure 1). At TO, the subjects will
provide basic information, including age, gender, healthy
lifestyles, oral hygiene behaviours and systemic diseases.
Clinical and radiographic pretreatment information
will be collected at TO. Reassessment will be performed
after non-surgical treatment for 6-8 weeks. Patients with
persistent inflammatory lesion (ie, suppuration and/or
gingival bleeding as well as deep pockets (probing pocket
depth (PPD) >6mm))® and adequate oral hygiene will
be receiving surgical treatment based on bone defect
morphology. Clinical (T1, T2 and T3) and radiographic
examinations (T2 and T3) will also be conducted. At each
follow-up visit, those who voluntarily leave the cohort or
are lost to follow-up will be recorded as drop-outs. The
examination on each follow-up visit is shown in figure 1.

Patient inclusion and exclusion criteria

The inclusion and exclusion criteria are consistent with

the previous study® and are described as follows:

1. Inclusion criteria: (a) adults aged 18-80 years with
autonomous ability; (b) at least one implant with
PPD >6mm, bleeding on probing/suppuration and

bone levels >3 mm apical of the most coronal portion
of the intraosseous part of the implant; (c) ability to
provide an informed consent form and complete the
questionnaires.

2. Exclusion criteria: (a) systemic diseases that are known
to affect soft tissue or bone (eg, side-effect of hyperten-
sion medication and osteoporosis) or increase the risk
of dental procedures, such as uncontrolled diabetes
(blood sugar >200mg/dL) and uncontrolled hyper-
tension (systolic or diastolic blood pressure >180or
110); (b) history of radiotherapy for head and neck
tumours; (c) pregnancy; (d) antibiotic use in the past
6months; (e) implants received treatment in the past
6months; (f) inability to be contacted over the phone
during follow-ups.

Data collection

Basic information of the patients with peri-implantitis will
be collected by questionnaire at T0. Online supplemental
file 3 presents the details of the questionnaire. Basic
information, systematic diseases, implant-related factors,
prosthesis-related factors, periodontal probing measure-
ment, oral hygiene, peri-implant probing measurement
and radiographic examinations to be collected are listed
in table 1. Basic information will include sex, age, educa-
tion level (a proxy for socioeconomic status (SES)),*!
smoking, drinking, physical activity and oral health
behaviours.

Implant-related information will be collected at base-
line, such as the brand of implant, location in the arch
(ie, implant malposition), the profile of implant (eg,
length and diameter), surface modification, PPD/bone
loss and the distance of the restorative margin to the bone
crest.?? 2% Prosthesis-related factors will also be recorded,
including type of connection, implantabutment emer-
gence angle and profile,” residual excess cement, poor
marginal fit of the suprastructure, interproximal contact
loss between implant-supported restorations and adja-
cent natural teeth, and occlusal overload (eg, porcelain
wear and chipping).

Periodontal status will be determined using full-
mouth periodontal examination protocol at base-
line. In specific, two qualified examiners (YL and PZ)
who have already experienced 3-year standardised
training will perform dental examinations. Stan-
dardised training refers to the training programme
in which doctors rotate in each subspecialty depart-
ment of stomatology within 3years and pass the corre-
sponding technical and theoretical examination.
Implant probing will be performed with a manual
probe (PCP 12, Jakobi Dental) with a probing force
of about 0.25 N.*> Periodontal examination will be
conducted at six probing sites (mesiobuccal, mid-
buccal, distobuccal, mesiolingual, mid-lingual and
distolingual) per natural tooth. Periodontal param-
eters include PPD, bleeding on probe (BoP), attach-
ment loss*® and suppuration on probing (SoP). In
this study, we also included initial PPD/bone loss as a
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BoP, and SoP) and
radiographic imaging
(alveolar bone level).

Clinical measurements
(PPD, BoP, and SoP)

(PPD, BoP, and SoP)
and radiographic
imaging (alveolar bone
level).

(PPD, BoP, and SoP)
and radiographic
imaging (alveolar bone
level).

Clinical measurements v

—» Follow-up

Clinical measurements v

— Follow-up

Telephone recall —> Follow-up
Oral implantology ; L . Subjects meeting
center Iniial evaluation exclusion criteria
Assessment, l N .
consent — > Eligible subjects —> L
- . participate
information,
Baseline characteristics,
including demographic
information, clinical v sl eraiahn
measurements (PPD, —» Enrolled subjects —> 9

criteria any time

v

Performance of the systematic therapy
of peri-implantitis

5

—— Follow-up

Loss to follow-up —— Drop outs

Loss to follow-up ——% Drop outs

Loss to follow-up — Drop outs

Figure 1
depth; SoP, suppuration on probing.

potential prognostic factor.”” In addition, the Simpli-
fied Oral Hygiene Index will be scored based on six
index teeth, as our previous work.”! Full Mouth Plaque
Score was also used to assess the oral hygiene.” In
terms of implantrelated examination, peri-implant
probing at baseline will be performed after removing
the implant-supported restorations using a plastic
probe. Clinical examination parameters for dental
implant include PPD, BoP, SoP and keratinised
mucosa width.*?*! Probing measurements of natural
teeth and dental implants will be made at follow-up
visits (T0O-T3), similar to the baseline examinations.

Study procedure of the prospective cohort study for peri-implantitis. BoP, bleeding on probing; PPD, probing pocket

In addition, radiographic examinations will be
performed in the Department of Radiology, Stomato-
logical Hospital, Southern Medical University. CBCT
scans will be obtained at TO, T2 and T3. Peri-implant
marginal bone loss (MBL) will be measured before
and after treatment to identify if further bone loss
exists. Implant platform or the most coronal portion
of the implant will serve as a fixed point to accurately
measure MBL. The volumetric change of the alveolar
bone around an implant fixture will be calculated
according to CBCT images. The volumetric changes
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Table 1 Data collection for patients with peri-implantitis

Domain Subdomain Definition TO T3
Basic data Sex Male or female
Age Years
Education level Primary school; junior X
middle school; senior
middle school; bachelor’s
degree; master’s degree or
above
Smoking history Never; ever; still have X
Drinking history Never; ever; still have X
Physical activity Never; sometimes; usually x
Details of oral health Information including X
overall self-impression,
symptoms, daily care,
reasons for dental
extraction, dental treatment
experiences
Systematic diseases HBP Yes or no X
Diabetes Yes or no X
CVD Yes or no X
Stroke Yes or no X
Cancer Yes or no X
Hyperlipidaemia Yes or no X
Rheumatism Yes or no X
Liver disease Yes or no X
CKD Yes or no X
Gallstones Yes or no X
Other systemic diseases Yes or no X
Implant-related factors  Implant site FDI World Dental X
Federation notation
Brand of implant Brand name X
Location in the arch Implant malposition X
Profile of implant Length and diameter X
Implant surface Rough; moderately rough; x
smooth
Surface modification Acid etching; grit blasting; x
laser treatment; UV light,
chemical vapour deposition
and physical vapour
deposition; coating
The distance of the <1.5mm or >1.5mm X
restorative margin to the
bone crest
Bone augmentation at Yes or no X
implant installation
Implant function (years) Years of implant function
Prosthesis-related Type of connection Screw or cemented
factors
Continued
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Table 1 Continued

Domain

Subdomain

Definition

TO

T1

T2

T3

Periodontal probing
measurement

Oral hygiene

Implant-abutment
emergence angle and
profile®*

Residual excess cement

Poor marginal fit of the
suprastructure

Interproximal contact loss
Occlusal overload

Type of prosthesis

PPD

AL

BoP

SoP

Gingival biotype

Periodontitis severity

S-OHI
FMPS

Emergence angle is defined x

as the angle of an implant
restoration’s transitional
contour as determined by
the relation of the surface
of the abutment to the
long axis of the implant
body. Emergence profile is
defined as the contour of a
tooth or restoration, such
as a crown on a natural
tooth or dental implant
abutment, as it relates to
the adjacent tissues.

Yes or no
Yes or no

Yes or no

Porcelain wear and
chipping

Single-unit; multi-unit fix;
overdenture

PPD was calculated as the
distance from the gingival
margin to the bottom of
the periodontal pocket or
gingival sulcus

AL was measured with
the graduated probe
and represented the
distance between the
cementoenamel junction
and the base of the
probable pocket?®

BoP evaluates bleeding
after insertion of a probe
to the base of the sulcus
or pocket, recorded as
positive or negative

SoP evaluates suppuration
after insertion of a probe
to the base of the sulcus
or pocket, recorded as
positive or negative

Thin biotype or thick
biotype

>50% of the teeth with
>50% of bone loss; <50%
of the teeth with >50% of
bone loss; no teeth with
>50% of bone loss; total
edentulism/stage (I, II, IlI,
IV) and grade (A, B, C)

DI-S=0-3, CI-S=0-3
Full Mouth Plague Score

Continued
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Table 1 Continued

Domain

Subdomain

Definition

TO

T1

T2

T3

Peri-implant probing
measurement

PPD

BoP

SoP

Keratinised mucosa width

PPD was calculated as the
distance from the gingival
peri-implant margin to the
bottom of the peri-implant
pocket

BoP was assessed
dichotomously in six sites
per implant, recorded as
positive or negative

An objective indicator

of gingival inflammation
according to the presence
or absence of suppuration
after probing, recorded as
positive or negative

Distance measured
between the free mucosal
margin to the mucogingival

junction

Peri-implantitis severity

M, A)S‘l

Radiological

examination on CBCT

Class (1, I, lll) and grade (S, x

Alveolar bone level based 1. MBL changes around X X X
dental implant

2. Bone volumetric
changes around dental

implants

AL, attachment loss; BoP, bleeding on probing; CBCT, cone-beam CT; CI-S, calculus index; CKD, chronic kidney disease; CVD,
cardiovascular disease; DI-S, debris index; HBP, high blood pressure; MBL, marginal bone loss; PPD, probing pocket depth; S-OHI,
Simplified Oral Hygiene Index; SoP, suppuration on probing; TO, baseline; T1, 6 months; T2, 12 months; T3, 18 months; UV, ultraviolet.

of the alveolar bone around an implant fixture will
be measured.*

Peri-implantitis treatment
Peri-implantitis treatment consists of non-surgical
treatment, surgical treatment and supportive therapy,
according to the International Team for Implantology
(ITI) treatment guide (figure 2).”> All patients with peri-
implantitis will receive the periodontal treatment and
oral hygiene instruction first. After 1 or 2weeks, dentists
will evaluate the inflammatory status of soft tissue around
teeth and implants. Non-surgical treatment will then be
conducted. Peri-implant condition will be evaluated 6-8
weeks after non-surgical treatment. Surgical treatment is
generally required if PPD is still 26 mm and accompanied
by BoP and SoP. At the same time, the patients present
adequate oral hygiene. Inflamed granulation tissue will
be removed during surgery.

1. Periodontal treatment: At the first visit, the patient
will receive oral health education and instruction on
the use of Bass brushing method, floss and interstitial
brush. Then, a whole-mouth ultrasonic supragingival
scaling will be conducted. Patients will be asked to
gargle with 0.12% chlorhexidine volume solution be-
fore scaling. The ultrasonic therapy instrument will be

used for ultrasonic supragingival scaling. The operator
gently removes the calculus with the ultrasonic scal-
er in a certain order. Finally, the surfaces of all teeth
will be polished, second supragingival scaling will be
performed to remove supragingival and limited sub-
gingival calculus. For deep subgingival calculus, sub-
gingival scaling will be performed after inflammation
and bleeding are reduced. Probing should be con-
ducted before treatment since the tissue is prone to be
damaged due to improper operation because the oper-
ator cannot see directly. During the operation, the op-
erator should scale the teeth surface with light lateral
pressure. The flow of water should be misty. The root
surface and periodontal pockets will be rinsed with 3%
hydrogen peroxide solution.

. Non-surgical peri-implantitis treatment: Local an-

aesthesia will be applied if indicated. The implant-
supported restorations will be removed. Routine me-
chanical debridement will include supragingival scal-
ing, subgingival scaling, and air polishing for natural
teeth and dental implant. Supragingival and subgingi-
val scaling will be conducted with an ultrasonic scaler
to remove the plaque and calculus using the EMS In-
strument PI, which features a tip-coating made of high-
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Non-surgical treatment

Modification of implant-
supported prosthesis
contours if required

Mechanical
+ debridement

_|_

Individualized oral
hygiene instruction

* |

Adjunctive measures e.g. probiotics, local antimicrobials |

¢

Peri-implant health R t Persistent peri-implantiti
Resolon of nfammaton ey || e e
Absence of “— plant p 9 pp P
) 6-8 weeks PPD =z 6mm
Bop/suppuration
Further non-surgical < Peri-implantitis
therapy BoP PPD < 5mm
Surgical treatment
Open-fla Reconstructive )
debpridemepnt therapy Resective therapy Implant removal
Type 1: CID Defiﬁfrtsbwnh an Due to extent of the
' abony ) N k
Type 2: DD Non-esthetic area defect or if esthetic
i component N .
Type 3: CD X Type 4: CSD outcome will be
R Type 1: CID X
Type 4 : CSD Type 3: CD Type 5: 1D severely
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Figure 2 Treatment pathway of peri-implantitis. BoP, bleeding on probing; CD, combined defect; CID, circumferential intrabony
defect; CSD, circumferential suprabony defect; DD, dehiscence defect; ID, interproximal defect; PPD, probing pocket depth.

tech polyether ether ketone. Air-polishing treatment
will be conducted with erythritol powder (Air-Flows
Plus Powder, EMS) to polish minor scratches on the
implant surface. The instrumentation time at each as-
pect (ie, mesio, distal, vestibular and oral) will be limit-
ed to 5s.”* Then, the tooth will be polished with rubber
cups and polishing paste. All the subjects will be pro-
vided with oral hygiene instructions individually and at
all study intervals. Implant-supported prosthesis con-
tours will be modified if needed. All the procedures
will be performed by the same experienced operator.

3. Surgical peri-implantitis treatment: The implant sur-
face will be decontaminated mechanically using ul-
trasonic decontamination (EMS Instrument PI). Ad-
equate postoperative care will be provided. Different
surgical modalities will be conducted according to
bone defect morphology. In principle, suprabony de-
fects are treated with resective therapy and implanto-
plasty. Infrabony defects can be managed with regener-
ative therapy (eg, guided bone regeneration). Details
are shown in figure 2.

4. Supportive therapy: All the patients will be regularly
monitored through follow-up visits 3 months in which
professional biofilm removal and oral hygiene rein-
forcement will be adopted according to the specific

situation. Supportive therapy will be conducted if the
inflammation is resolved and SoP disappears in the
peri-implant tissues. If not, surgical (re)treatment will
be adopted to treat the persistent inflammation.

Outcome measures

1. Primary outcome: peri-implant PPD.

2. Secondary outcome: peri-implant alveolar bone re-
sorption.

3. Additional outcome: oral hygiene.

Statistical analysis

Descriptive statistics will be performed using means
(+SDs) for continuous variables and frequencies (percent-
ages) for categorical variables. We will use a univari-
able logistic regression model to identify the significant
predictive factors for the treatment success. Successful
treatment was defined as (1) implant sites presenting with
a PPD <5mm; (2) absence of BoP/SoP at the 12-month
examination; (3) bone loss <0.5 mm between 2 weeks and
12months after surgical therapy if it was condcuted.”
Then, a multivariable logistic regression model will be
applied using age, sex and SES as covariates. The OR and
95% CI will be estimated. A complete case analysis will be
performed, excluding participants with missing values for

Zhu Y, et al. BMJ Open 2024;14:e072443. doi:10.1136/bmjopen-2023-072443

“yBuAdoa Aq parosioid 1sanb Aq #7202 ‘62 [Mdy uo jwoo fwag uadolway/:dny wouy papeojumoq 20z Arenuer QT U0 €2/ 0-£20z-uadolwg/oeTT 0T sk paysiignd 1say :uado rINg


http://bmjopen.bmj.com/

the covariates. All the analyses will be conducted using
the R Project for Statistical Computing (V.4.2.1, Vienna,
Austria), with statistical significance defined as two-sided
p<0.05.

Patient and public involvement
None.

DISCUSSION

Our proposed prognostic cohort study may have signif-
icant clinical implications in managing peri-implantitis.
Besides the unpredictable treatment outcome, another
dilemma in treating peri-implantitis is a lack of clinical
trial-based evidence. It can be stated that current treat-
ment approaches are rather empirical.”® %7 Conventional
treatment of peri-implantitis mainly includes plaque
control, mechanical debridement, local/systemic anti-
biotics, surgical treatment, and smoking cessation.” *
Mechanical non-surgical treatment has been suggested
to effectively resolve inflammatory lesions in peri-implant
mucositis. In contrast, the treatment outcome of peri-
implantitis was favorable in the short term but with a
strong tendency to recur.*” *' Moreover, whether to use
adjunctive antimicrobials in non-surgical treatment is
also controversial. A study suggest that the use of systemic
metronidazole as an adjunct to non-surgical treatment
of peri-implantitis resulted in significant additional
improvements in clinical, radiographic, and microbiolog-
ical parameters while another study suggest that the addi-
tion of metronidazole and amoxicillin to the treatment
protocol of patients undergoing non-surgical subgingival
debridement for with severe peri-implantitis does not.** **

A clinical research demonstrated the pathological
characteristics of peri-implantitis are non-linear, with
different peri-implant bone levels between two main clus-
ters of implant-treated patients.”” Five predictive factors
for peri-implant bone levels were identified, including
the number of teeth, age, gender, periodontitis severity
and years of implant service. Although the complexity of
peri-implantitis has been noted, there continues to be a
‘one-size-fits-all’ paradigm about prognosis and treatment
until now. There is a pressing need for precision medi-
cine in improving clinical diagnosis and prognosis of peri-
implantitis.** Based on different causes, several subtypes
of peri-implantitis include purely plaque-induced or pros-
thetically or surgically triggered peri-implantitis; these
subtypes are different with predictive profiles and risk
factors.” Therefore, the cause-given treatment approach
is necessary. Identifying the predictive factors of successful
treatment outcome is a prerequisite for promoting ‘one-
size-fits-all’ treatment shifting to individualised or preci-
sion medicine.

The present study will provide a unique opportunity
to investigate the local and systemic factors predictive
of successful outcomes after peri-implantitis treatment.
First, this study will include a relatively larger sample size
compared with the previous prospective cohort studies

for peri-implantitis treatment.”” '° The adequate sample
size of this study (n=275) could contribute to detecting
the differences between different subjects, avoiding
false negative results. Second, the therapeutic outcomes
will continuously be monitored at multiple follow-up
intervals. The disease progression can be followed to
further understand the developmental trajectory of
peri-implantitis after treatment. Third, the separate and
combined risk factors of peri-implantitis treatment will be
systematically quantified to identify underlying factors for
the treatment so that appropriate interventions can be
implemented to increase the success rate of peri-implant
therapy.

However, this study has limitations since the follow-up
duration lasts <5 years. It makes it easier for subjects to
maintain compliance, avoiding loss to follow-up bias.
Another limitation of this study is that minor periodontal
tissue regeneration may be missed due to the accuracy
errors of the manual probe (division value=1 mm). Addi-
tionally, non-responders or recall bias could exist as
patients with peri-implantitis were voluntary to receive
treatment. A single centre may also cause selection bias
and limited generalisation; future studies should include
multiple centres.

In conclusion, the proposed longitudinal cohort
study aims to identify prognostic factors for therapeutic
outcomes of peri-implantitis since understanding peri-
implantitis treatment is limited.
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