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Abstract w

Backgroun inicians predominantly use personal judgment for risk assessment.

Periodont assessment tools (PRATSs) provide an effective and logical system to

stratify ients based on their individual treatment needs. This retrospective
longitudinal study aimed to validate the association of different risk categories of four
PRATS (Sta nd grading; Periodontal Risk Assessment (PRA); Periodontal Risk
Calculator ; and PerioRisk) with periodontal related tooth loss (TLP), and to
compare ognostic performance.

Metho a on medical history, smoking status, and clinical periodontal
parameters were retrieved from patients who received surgical and non-surgical
periodontgk treatment. A comparison of the rate of TLP and non-periodontal related
tooth loss&within the risk tool classes were performed by means of Kruskal-

Wallis tes

@ ed by post-hoc comparison with the Bonferroni test. Both univariate
and multivarfate Cox Proportional hazard regression models were built to analyze the
progno£gniﬁcance for each single risk assessment tool class on TLP.

Results: A total gf 167 patients with 4321 teeth followed up for a mean period of 26
years wﬁed to four PRATSs. PerioRisk class 5 had a hazard ratio of 18.43,

Stage 4 had a h@zard ratio of 7.99, and PRA class 3 had a hazard ratio of 6.13

compared to cla

demon q@ he best discrimination and model fit followed by PRA.

s/stage I. With respect to prognostic performance, PerioRisk tool
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Conclusion: All PRATSs displayed very good predictive capability of TLP. PerioRisk
showed the best discrimination and model fit, followed by PRA.
Key WOW: [Attachment Loss, Periodontal; Periodontitis; risk factor assessment; tooth

loss; Valida‘d

Introductionms
Nearly 6Mgo, a dominant line of reasoning was that since most adults suffer

from perig@onfh disease, all individuals must be susceptible to it. ' A later
acknowleD

small subme population is either susceptible to severe periodontitis or on the
contrary, stdnt to it, changed the mindset toward periodontitis. These newer
notions r@ausible questions: 1) Which factors determined an individual’s

susceptibility 10 periodontitis? 2) Which determined resistance? A question even more

that not all gingivitis lesions progress to periodontitis; and that a

pertinent Would be whether a particular individual can be labelled as more susceptible

to periodontitis’

N@ longitudinal studies have identified several risk factors for the

initiation and progression of periodontitis. * It has since been established that

nd how do we identify them?

pathogenic bacterial biofilm.

Peggistent efforts were exerted to construct periodontal risk assessment tools
(PRATS) ir prei’ction of periodontal disease progression. Most noteworthy, Lang &
Tonetti > the need for a multilevel risk assessment for disease progression at
both the patient @nd tooth levels. In 1998, Tonetti emphasized the need for a target

the multifactorial risk of periodontitis. * Later, several tools and
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Lang and co-workers published a systematic review considering the predictive ability
of PRATs and concluded that PRATs do predict periodontitis progression and tooth
loss, aMended that future research should evaluate their utility in risk

assessme primary objective of this study was to validate the association of
different f four risk assessment models (Staging and grading; Periodontal
Risk ASsJ88SH#eAE (PRA); Periodontal Risk Calculator (PRC); and PerioRisk) with

TLP. A s objective was to compare the prognostic performance of these

models.

Methods

This study was conducted in agreement with the Helsinki Declaration of 1975

(World Association, 1975) as most recently revised in 2013 (World Medical

NUSCI

Association, 2013). The study was approved by the University of Michigan Medical School
Institution

iew Board (IRBMED) with the study identifier HUMO00157260.

Streng i the Reporting of Observational Studies in Epidemiology (STROBE)

guideli llowed during the preparation of the manuscript.

Study po

The current" @& was retrospectively retrieved from chart reviews of patients receiving

periodontdl treatment between January 1966 and January 2008 at the University of

Michigan School of Dentistry, Ann Arbor, Michigan, USA.

Inclusion %

= Patients_meeting the case definition of periodontitis as defined by Tonetti et al. Y’
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Data coll

Records

evalua

characteri

called

Patients treated for periodontitis (at least a session of scaling and root planing
(SRP)/diseased area with or without additional surgery if needed) and maintained

for ears after active therapy at the University of Michigan School of

L N}

Il

patient charts with clinical attachment level (CAL), Bleeding on Probing

ap@ full mouth radiographic series of diagnostic quality radiographs (taken

2

SC

months from the baseline/initial periodontal examination).

Complet@medical history recorded at baseline periodontal examination.

Ul

Paffents receiving one or more visits of periodontal maintenance therapy

£

(P throughout the entire follow-up period.

a

Patients whose teeth have been extracted at the University of Michigan School of

Dentis

\

Reason for extraction was identified in patient charts.

nd patient classification

ar

nts that were eligible based on our predefined criteria were

e examiners (MQ, AR, and MS). All data on pertinent patient

th

e, gender, social and medical history...etc.) as well as PMT /year,

U

were coll ®The baseline visits at which all measurements were recorded was

last documented date of PMT visit was called T1.

A
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Tooth-specific data on clinical parameters, such as periodontal probing depth (PPD),
clinical aiiachmint level (CAL), bleeding on probing (BOP), furcation involvement,
presence ipterproximal restorations or crowns, presence of apical pathology,
endodontgng, endodontic post, and presence of vertical bone defects, were
H
collected @t TO (baseline) and T1 (last PMT visit). Newer patients’ electronic records had
CAL calcufated tomatlcally Older charts (prior to 2012) had CAL calculated manually as
the dlffer ween PPD and the distance from the free gingival margin (FGM) to the
cementalm

junction (CEJ). Probing depths and clinical attachment levels were all

evaluated_at six#8ites per tooth. Information regarding masticatory dysfunction, drifting,

@U

flaring, bi se was also collected from patient records. Percentage of radiographic
bone Io was measured from either periapical or bitewing radiographs'é,
Radlogra e loss was measured as the distance from the CEJ to the most apical
extensi he defect. In case of molar teeth, only the root with most radiographic

M

bone | essed.

h loss (TL) data was stratified into tooth loss due to periodontal reasons (TLP)

and over loss (OTL). OTL was calculated by deducting the number of natural

G

teeth prese t T1 from the number present at TO. A second level of OTL analysis

includ the date, cause of extraction, and calculating the time the tooth stayed

i

in func xtractlon At this point another group was created, which were teeth

extracted onI to periodontal reasons (TLP).

Al
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Diabetic control was reported either as Alc or plasma glucose levels. Typically, only

patients iﬂ late i980’s onwards had HBA;c reports, while those before that had plasma

glucose | GL) reported. Since all risk analysis tools evaluated require only HBA;c

results, t ting PGL were converted to HBA;c using an estimated average
N

glucose |&kel (eAG), which has been shown to work with accuracy. % The conversion

process beWdone manually, or more conveniently through the American Diabetes

Associatiotoﬁ e conversion calculator.

Cigarette:ption was self-reported. Smokers were stratified into four groups: 1)
" 2)

never-sm former smokers (ex-smokers); 3) light current smokers (who smoked
<10 cigarstes/day); 4) Heavy current smokers (who smoked >10 cigarettes/day). Though,

such diffe

n was only applied where the risk analysis system allowed it. Otherwise,
different smoker categories were grouped to fit every risk analysis tool as will be
m-by-system patient allocation. Table 1 shows a description of the four

tools utilize

Patient aQw according to different risk-assessment tools.

Stagin ing systems ¥’

th

Before st:d grading were determined, the patient had to meet the case definition

for perio as defined by the 2017 World Workshop ' 22, Patients received a

o

baseli osis always by the same investigators (MS), (HD) after being calibrated by
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one of the chief authors of the classification (HG). Recently published clarifications were

used to hilp deFrmine hopeless teeth as well as to elucidate certain cases that fell into

a "gray mtaging or grading. 2> ?* Only current smokers were considered

“smokers™ mokers were grouped with non-smokers as the stage and grade
H

system ddgs not make such differentiation. Accordingly, patients were classified as each

patient re€eivedither Stage I-IV or Grade A-C.

SC

Periodontal RiskRdssessment (PRA) °.

t

The numig€r of residual pockets >5mm and the number of lost teeth except third molars

£

were calc r each patient. As suggested in the tool's website, the percentage of

a

bone loss s compared to the distance 1mm apical from the CEJ to the root apex

to facili culation. In case bitewing radiographs were used and bone loss was

M

presu ance beyond what could be recorded from a bitewing radiograph, the

case was excluded.

[

P ures the percentage of BOP as the number of sites with BOP out of a

0O

total score o1 64, 128, or 192 sites based on whether the 2, 4, or 6 sites were probed.

n

The to of BOP sites/patient was calculated as such to fulfill this parameter.

{

PRA als udes elements to gauge systemic factors that may affect patient's risk for

U

disease progresgion. These were defined by the authors as Type I and Type II diabetes

mellitus erleukin-1 (IL-1) polymorphisms. As indicated by the authors, if known,

A
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these were considered as an indicator of risk assessment. If not known or absent, they

were not iﬁken iito account for the overall evaluation of risk®.

Cioking was categorized into former smokers if smoking cessation was

5 yearsgojmil@iggbefore baseline. Occasional smoker was allocated for patients smoking
up to 10*@5 per day; smokers/moderate smokers for those smoking up to 20
cigarettesNger day; and heavy smoker if more than 20 cigarettes were smoked per day. A

risk analywun based on the given data. A risk of either low, moderate, or high was

assigned jse based on the logged patient data.

Periodont. alculator (PRC) *#

The PRC includes several variables unique to it like presence of calculus, presence of
subgingival resg@rations...etc. (Table 1). Cigarette consumption was recorded as never
smoker, current smoker, or former (quit) smoker. For current and former smokers, the
duration @ smoking in years and the number of cigarettes smoked per day were also
considere me cases, the data available for former smokers did not include the
number of rs they were actively smoking before finally quitting. For those patients,
the w ibility was recorded (logged as quit less than 10 years vs quitting more

than IMO). PRC had 2 categories, the first calculates the severity of the disease

"Gum Disease ;S)re", akin to the stage of disease in the current classification system 17 .

Disease Score (PRC-DS) is comprised of five categories (1=Healthy,
2=Gingivitis, ild gum disease, 4= Moderate gum disease, 5=Severe gum disease).
9
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The second category of PRC is "Gum Disease Risk Score” (PRC-RS). This describes the

likelihood_of disiase progression, akin to the grading system in the new classification. It

also is m of five categories (1=very low risk, 2=low risk, 3=moderate risk, 4=high
risk, 5=ve ).

H
Penb/%‘k@i
This system, a known as the University of Ferrara (UniFe) risk assessment tool *° is
based or(lcei\a. Each criterion is allocated a score, and a sum of the scores is then
calculate lates to a patient risk score from 1-5 (lowest to highest risk). A
simplifiedfive % of the PerioRisk known as SmartRisk, was introduced recently, where
the sc ted from the number of cigarettes per day was combined with the
number s with PD > 5 mm 2°. The current analysis used the original, more
comprehensive version, the PerioRisk. This system also differentiated between never

smokers, Lsmokers, light (1-9 cigarettes/day), regular (10-19 cigarettes/day), and

heavy (>2 @ ttes/day) smokers. The score was then calculated for a 5-level risk score
from mlows: 1: low risk (score= 1-2); 2: Low-medium risk (score= 3-5); 3:
Mediu e= 6-8); 4: Medium-high risk (score= 9-14); 5: High risk (score=15-24).

Statistica 1S
-

Aiming to perform survival analysis the following information was extracted for
W |

each patient/tooth: number of teeth at baseline, time occurring from baseline to

10
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tooth-loss, reason for tooth-extraction (TLP versus OTL), time occurring from

baseline to patient' last follow-up, number of teeth remaining at last follow-up.
-

Patients were included only when the data extracted gave information of the
 { ) |

teeth present at baseline and the time and identifier of the specific teeth lost
N E—

during the follow-up. Such comparison was performed by means of Kruskal-Wallis

test followed by a post-hoc comparison with the Bonferroni test.

A 4

Both univariate and multivariate Cox Proportional hazard regression
\ 4

models were built to analyze the prognostic significance for each risk assessment

tool class on TLP. Multivariate analysis was performed to take into account the

confounding effects of demographic variables (age and gender) and the number

of maintenance sessions received by the tooth during the follow-up. At that point,
viull

both univariate and multivariate Cox regression models were built to analyze the

|

prognostic significance for each single risk assessment tool class on TLP.

\

Multivariate analysis was performed in order to take into account the

confounding effects of demographic variables and the number of maintenance

sessions received by the tooth during the follow-up. Subsequently, aiming to
L y |

keep the hierarchical structure of data with clustering of teeth within patient both

1

univariate and multivariate multilevel Cox regression frailty models were built.

t

Assessing the predictive performance of the different tools analyzed two

w

measures of model fit, including: Akaike's information criterion (AIC) and Bayesian

\

information criterion (BiC), and prognostic discrimination performance, such as:

/

This article is protected by copyright. All rights reserved.
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Harrell's C-index and Royston's index, for each analyzed model. The higher the

Harrell's C-index and Royston's index and the lower the AIC and the BIC, the
-
better the prognostic performance of the periodontal PRATs. In order to assess

the intraclass stratification within the PRATs, a post-hoc comparison with
N

Bonferroni test after the multilevel multivariate Cox regression analysis was

performed. Visual inspection of survival curves was also performed.

)\~ 4
Results I:
Cohort c istics and patient allocation

A total o! 167 patients with 4321 teeth were included in this study. The mean

follow-up cohort was 26.1 years, with a follow-up range of 10-48 years.
For demod¥a data of the studied populations see Table S1 in online Journal
of Periodo . All the patients were assigned to specific categories according
to the RATs. Figure 1 shows a frequency chart depicting the occurrence

of each categorical class for the 6 compared PRATs.

O

Risk Smn of the different PRATS
Risk s gom analysis was performed using both single-level (see Table S2 in

online #Periodontology) and multilevel models (Table 2) in the univariate
and multi\mualysis. Results of the post-hoc comparison with Bonferroni test are
shown in 3 in the online Journal of Periodontology. Results of the different

models w. y similar; however, the multilevel multivariate analysis adjusting for

This article is protected by copyright. All rights reserved.
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confounding factors (Table 2) and associated survival curves (Figure 2) were used as
final reference for the evaluation of the risk stratification model.

MioRisk model, the hazard ratio increased in the different risk class
categories 2), however no statistically significant differences were detected in
the comp&

and cl&s™@B8nferroni p-value = 1.00) (Table S3 in the online Journal of

ss 1 and class 2 (Bonferroni p-value = 0.70) and between class 3

Periodont lass 5 of the PerioRisk model showed a very high hazard ratio of
18.43 con@ class 1 (Table 2) which is also displayed by the net separation on
the resultin val curve (Figure 2A).

ThE ri TLP also showed an increasing trend in the different classes of the
PRA tool, with significant differences in the direct comparison among the three

different categorf@s (Table 2, Table S3 in the online Journal of Periodontology and
Figure 2BERC-RS was less accurate in the prognostic prediction, as shown by

LES

the absendg of statistically significant differences among the different categories and

S3). The &

the absenc lear separation of survival curves (Table 2, Figure 2C and Table
3 C-DS categories showed increased hazard ratio compared to the

risk cl e 2), however no significant differences were detected within the

classes 2, Figure 2D and Table S3 in the online Journal of Periodontology).

tic trend in the risk stratification was noted for the Stage (Table 2
and Figure 2D), however the post-hoc multiple comparison detected an absence of
signiﬁcan%nces between Stage 1 and Stage 2 (Bonferroni p-value = 0.618) and
between Stages2 and Stage 3 (Bonferroni p-value = 0.165) (Table S3 in the online
Journal ontology). Focusing on the Grade system, although a clear trend was
present fo C, no differences were detected between Grade A and Grade B

(Bonferrofi p-value = 0.292) (Figure 2E and Table S3 in the online Journal of

PeriodW

CompariEe model performance

Indicators o rimination and model fit were evaluated for the assessment and

the prognostic performance of the different PRATSs. As shown in Table

3, the PerioRisk tool showed the best performance of both discrimination (Harrell’s C

This article is protected by copyright. All rights reserved.
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= 0.687 and Royston’s D = 1.209) and model fit (AIC = 3127 and BIC = 3159). The
PRA ranked the second in terms of model performance showing good values of

discrimMrrell’s C = 0.670 and Royston’s D = 1.39) and model fit (AIC =

3137 and m%). The other four predictors showed a weaker performance

compared i9Risk and the PRA.

DiscussioL

Tm‘[ study consisted of 167 patients, all stratified according to four
well knowi™ffcquently used, longitudinally or retrospectively validated PRAT

systems (Wmdies validating each system is demonstrated in Table 4). Results
showed that different risk categories of PRATs were associated with different risk
classes. Most sighificantly, multivariate analysis found that PerioRisk class 5 had a
hazard rati .43 compared to class 1. PRA also showed significant differences
between ig three different categories, with a class 3 risk having a hazard ratio of 6.13
compared to.class1l. Similarly, stage 4 had 7.99 hazard ratio compared to stage 1;
grade C h@d a hazard ratio compared to Grade A; and PAT-DS class 5 had 4.51

hazard gati ared to class 1. The frequency occurrence of each group category

can be app in Figure 1. Multiple studies showed low levels of inter-model

. 3335
catego

ent when comparing class hierarchy from different PRATSs.
The frequency occurrence of each group category can be appreciated in Figure 1.

Tkﬁe results seem remarkable, but they are far from being perfect. Despite the
statistically sagmificant difference between highest and lowest classes in each model in
terms of ferences were not always linearly consistent between consecutive
classes antther. For example, for PerioRisk, no significant differences were
found between class 1 and 2 and the same was found between class 3 and 4. Likewise,
for PRMatistically significant differences were detected between the classes

2,3 and mﬁndings were encountered for the stage and grade as well. It might

be hypot at this result might be simply due to the lack of adequate sample
size per eac

PRAT

. But this may as well highlight the importance of simplifying the

le by combining some of the classes together. For instance, combining

class 1 with 2, aiid 3 with 4 in PerioRisk. Another way to look at these results is to

This article is protected by copyright. All rights reserved.
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reconsider some of the clinical parameters at both ends of contiguous classes and

redefining it based on longitudinal studies and reviews defining risk factors which

have thMiﬁcance 30,

A utcome evaluated was comparison of the overall prognostic
performamur models (Table 3). Although all four models had remarkably
similar®™cSW#S™H{ot all PRATs had the same predictive capability, in the present
cohort. i e PerioRisk tool showed the best performance in terms of
discriminm model fit. The PRA came second in terms of discrimination and
model fit.
comparedffo BotilPerioRisk and the PRA. Few studies showed that PRA and/or PRC

arrow margin, the other four predictors showed weaker performance

risk scores were not associated with tooth loss during PMT, and that PRA Risk level

failed to predict BMT outcomes in terms of tooth loss as well *”**

In thi text, previous analyses that have been performed based on OTL
might ha\!] obtained rather misleading results. Main suspected criteria for tooth loss
(severity WOSS, smoking, and compliance) have been found to be inconsistent

t

and non- incident with OTL. *%**** That basically means that such crucial

b

criteri ys seem to affect OTL, and if one happens to take an effect, the

other critert s not. * This masking effect should be obvious when we consider

the fac includes TLP plus 35%-80% TL due to other reasons (i.e., caries,

39, 44, 45

endodontic failure, fractures and strategic extractions). More relevant to the

present V%Oint, Ravida et al., have shown in a long term follow-up study that

PRATs (b stage and grade systems) are indeed prognostic for TLP, but not
OTL. *?

Geﬁ PRATS use either baseline or post-treatment parameters to predict
risk for t loss. Using PRATs at the initial visit allows clinicians to identify
individlm high risk of disease progression before initiating treatment, thus
helping wﬁuent planning. While the case for using PRATSs following treatment

proposes tment improves the periodontal condition and, in such a way,

improves t e prognosis. Extracting teeth with poor/hopeless prognosis at

mit our understanding of patient’s potential to respond to anti-infective

treatment. It also asks the influence of history of TLP on case prognosis. '’ Finally,

This article is protected by copyright. All rights reserved.
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it may affect the accuracy of PRATSs that use parameters like bleeding on probing
which tends to fluctuate considerably following initial therapy. *° This study evaded
this dil@Mpplying PRATS to our patient cohort at baseline, but only assessing
teeth that muring PMT rather than active periodontal therapy. However, the

compared not have a homogenous design. Some recommend using pre-
and th& oA FE€ommend post-treatment assessment. Using baseline data for the
cohort m, een fairer to PRC and staging and grading systems. Interestingly,
both syst@ slightly less favorable results compared to PRA and PerioRisk,
presuming erioRisk and PRA might have even more favorable results if we used

post-treatfiienf parameters. Until now, none of the existing PRATs has been
consistently validated for application at both phases.

Another limitati; of this analysis is that the Stage, not the Grade component of the
new clasi& is supposed to predict tooth loss. However, the authors of this

system ad§ocated that Stage and Grade were developed to work mutually, not as

supposed

independe Ts '7. The same is the case for PRC-DS and PRC-RS, which are
ed simultaneously but were considered as independent PRATS in

our an is might be one of the reasons that PRC and the Stage and Grade had

less favora Its compared to PerioRisk and PRA.

showed remarkable similarities between different PRATS, but also
showed the inconsistencies within each PRAT classes. It also demonstrated that their
predictiveSaBabilities were not ideal, which calls for some refinements of these tools.
Maybe critgiiagether than clinical measurements are needed to improve the PRATs.
Current e‘

@ implies that certain salivary biomarkers may add value in the

assessnrodontal therapy. Clinical utility of these and other biomarkers may

improve tHe objective assessments of susceptibility to, or severity of, periodontitis. *’
Lastly, Wa‘[ performed best in this analysis considered former smokers as
higher risljn—smokers. This has been consistently shown to be true in multiple

48, 49

studies.

iodontists tend to gauge periodontal risk based on subjective

is technique seems to dominate clinical practice in spite of the

availability of Ts.”” *'  Regardless of the clinicians level of experience,

This article is protected by copyright. All rights reserved.
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subjective risk assessment could result in incorrect category assignment compared to
objective risk assessment tools.”” Ideally, after risk assessment, PRATs should
provideMd recommendations for each individual in terms of further means
needed to that risk (like extra PMT visits or antimicrobial therapy). However,
only PRAQuCh customized recommendations for the number of PMT/year
based dR HE 8@ cvel. However, the accuracy of such recommendations is yet to be
verified.*®

Risk scor@ be used to educate the patients regarding their disease condition
and possib gression. A “one size fits all” approach for active and maintenance
therapy w| el§ meet individual needs of every patient. This would result in under-
treatment for some and over-treatment for others, in addition to wasted resources of

both the patient alid the clinician.’® >

Conclusic

All PRATS d % ed very good predictive capability for TLP. PerioRisk showed the
best discrinlindfton and model fit, followed by PRA. Association between TLP and

PRATSs ionificant when the highest and the lowest classes were compared. They
were no ent however between successive classes.
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Tables and figures:

Table 1; Clmﬁari'n of the parameters used in each of the four main categories of
periodontalfrisk assessment tools.
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Table 2: Univariate and multivariate risk stratification performed for periodontal-related teeth
loss using multi-level cox regression frailty models.
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Table 3: Comparison of model risk stratification performance using measurements of model
fit (Akaike's information criterion and Bayesian information criterion); and prognostic
discriminaﬁ' n iH’ell'S C-index and Royston's index). The higher Harrell's C-index and
Royston's dex and the lower the AIC and the BIC, the better the prognostic performance of

the periodo, Ts analyzed.
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Table 4: A list of studies validating each of the four compared PRATs accompanied with the main
findings of the validation study.

{

System validation

Periodontal Risk Calculator (Page et al. 2002; Page et al. 2003) 4 26: Risk scores is associated
|
with tooth loss and/or bone loss in a non-treated patient population.

(Martin et al. 2010)%7 (maintained patient population): Risk scores

were associated with higher tooth loss rate.

(Costa et al. 2021; Eickholz et al 2008; Matuliene et al. 2010;

SCI

Periodon i ssessment Leininger et al. 2010)28-31

Risk level significantly predicted outcomes in terms of tooth loss

and/or periodontitis progression in maintained patients.

any

(Trombelli et al. 2009) 25: Risk scores were associated with tooth loss.

(Trombelli et al. 2017)25: Risk scores were associated with tooth loss

. . in maintained patients.
Unive ara (UniFe)

World orkshop 2017 (Ravida et al. 2020)32: Both Stage ang Grade were associated with

disease periodontal tooth loss in maintained patients.
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Figure 1: A frequency chart portraying the frequency of occurrence of each categorical class
for the 6 compared PRATS in the same cohort.
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Figure 2: Survival curves built on multilevel multivariate Cox Regression analysis adjusting
for confounding factors such as: Age, Gender and number of maintenance visits.
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Supplementary Tables and figures:

SuppleWure 1: Survival curves based on the multilevel univariate Cox Regression
analysis.

Suppleme 1: Demographics and characteristics of patients included in the

cohort.

I
Suppleme!ary Table 2: Univariate and multivariate risk stratification performed using
single-leve lgression Models.

Supplemenmitary Table 3: Assessing the intraclass stratification in PRATSs using Bonferroni
multiple co n test after the multilevel multivariate Cox regression analysis was

performed.m
Supplementary Pable 4: A list of studies validating each of the four compared PRATSs

accompanije main findings of the validation study.
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