DR. RICARDO TELES (Orcid ID : 0000-0002-4216-2812)

PROF. WILLIAM V. GIANNOBILE (Orcid ID : 0000-0002-7102-9746)

Article type, wiOther

Patterns of Periodontal Disease ProgresB@sed on Linear Mixed Models of Clinical

Attachment Loss
Running title:Patterns of Periodontal Disease Progression

Ricardo Telek? Kevin Mos$, John S. PreisskiRobert Gency William V. Giannobilé,
Patricia.Corby, Nathalia Garcig Heather JarédGay Torresyap Elida Salazar Julie Moyd,
Cynthia Howad’, Robert Schifferl2 Karen L. Falknet Jane Gillespfe Debra Dixof,
MaryArnn-Cuginf.

!Department of PeriodonticBenn Dental MedicineJniversity of Pennsylvania, Philadelphia,
PA, USA.

’Department=of Applied Oral Sciences, Forsyth InstitGanbridge, MA, USA.

3Department of Dental Ecology, School of Dentistry, University of North CaroliGhapel
Hill, ChapelHill; NC, USA.

“Department of|Biostatistics, Gillings School of Global Public Health, Urityes§ North
Carolina at Chapel Hill, Gapel Hill, NC, USA.

>Department of Oral Biology, School of Dental Medicine, State University of Nefk it
Buffalo, Buffalo, New York, USA.

This is the author manuscript accepted for publication and has undergone full peer review but has
not been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as doi:
10.1111/jcpe.12827

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/jcpe.12827�
https://doi.org/10.1111/jcpe.12827�
https://doi.org/10.1111/jcpe.12827�

®Department of Periodontics and Oral Medicine & Michigan Center for Oral Health Research,
University of Michigan School of Dentistry, Ann Arbor, Michigan, USA.

"New York University College of Dentistry, Bluestone Center for ClinicakeBesh, New York,
NY, USA.

8Section of Periodontics, Department of Applied Dental Medicine, Southernslligiversity
School of Dental Medicine, Alton, IL.

°Rho Inc.,-Gontract Research Organization, Chapel Hill, NC, USA.

Address for correspondence (email can be published):

Ricardo Teles
Department'of Periodontics
Penn Dental Medicine
University of Pennsylvania
240 South 40th’' Street
Philadelphia;"PA 19104

Email: rteles@upenn.edu

ABSTRACT:

Aim: The goal of the presetdngitudinal cohorstudy was to examine patterns of periodontal
disease_progression at progressing sites and subjects defined based on linear mixed models
(LMM) of-clinical attachment loss (CAL). Methods: 113 periodontally healthy and 302
periodontitis subjects had their CAlalculatedoi-monthly for 12 months. LMMsvere fittedfor

each site and the predicted CAL levesedto categorizeheir progression statParticipants

were greuped based on the number of progressing sites into unchisaiggtdonalandactive
subjectsPatterns of griodontal disease progressiware explored using descriptive statistics.
Results:Progression occurred primarily at molars (50% of progressing sites) and interproximal
sites (72%), affected higher proportion of deep than shallow sites (2.7% vs. 0.7%), and

pocketing was the main mode of progression (4% found a low level of agreeme@t7 %)

This article is protected by copyright. All rights reserved


mailto:rteles@upenn.edu�

between the LMM and traditional approaches to deterpniogression such athiange in CAL

>3 mm. Fourteen percent of subjects were classified as amtigeamong those 93kad

periodontitis The annual mean rate of progression for the progressing subjects was 0.35
mm/year ConclusionProgressing sites and subjects defined based on LMMs presented patterns

of disease _progression similar to thosevyasly reported in the literature

Key-words; Periodontal disease, Clinical attachment loss, Disease progression, Linear mixed

models.

CLINICAL RELEVANCE:

Scientific rationale: Studies exploring patterns of periodontal disease progiedsieriterature
relied on a limited number of visits for monitoring and on pairs of CAL measuretoed$ine
progressionPrincipal findingsThe use of LMMs had a poor agreement with traditional
approaches to define disease progresssimg thresholds afhanges in CAlcalculated using

pair of visitssHewever, patterns of disease progression were quite simhastogreviously
reportedn the literaturePractical implicationsRobust methods to define disease progression
might resultin“more accumassessments of the diagnostic and prognostic properties of clinical

parameters and biomarkers.

Conflict of interest and source of funding statem&ht authors have stated explicitly that there
are no conlflicts of interest in connection with this &ti¢his study was supported by research
grant DE0211201 from the National Institute of Dental and Craniofacial Research.

INTRODUCTION:

Our understanding of periodontal disease progression comes from longitudinal studiesngxamini
the natural historyfahis condition. Longitudinal periodontal monitoring of untreated

populations and subjects with access to diffelerdls of oral careevealed common patterns of
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disease progressid¢hoe et al., 1978a, Loe et al., 1986, Schatzle et al., 2003, Loe et al., 1978c,
Loe et al., 1978b, Baelum et al., 1997, Heitz-Mayfield et al., 2003, Ismail et al., 1990, Lindhe et
al., 1989a, Haffajee and Socransky, 1986, Socransky et al., 1984, Lindhe et al., 1983, Goodson et
al., 1982, Machtei et al., 1997, Millen et al., 2014). Although annual mean rates of progression
varied greatly;lie picture that emerges is of a slow progressing diseasesiguificant

progression being a sporadic event and the majority of progressing sites concentrating on a
relatively small'number of subjediisindhe et al., 1983, Schatzle et al., 2003, Baelum et al.,

1997). Although loss of attachment can affect any tooth and site in the mouth, periodontal
diseaseragressiorseems to occur primarily ore-molarsandmolars(Schatzle et al., 2003,
Thomson et aly, 2006). Younger individuals seem to express loss of attachment through gingival
recession, while pocketing becomes the main mode of disease progasssidnjects get older
(Schatzle et al.;2003pockets also seem to develop preferentially at interproximal sites, while
the midbuccal and midigual sitesxperience tissue destruction mainly through recession
(Thomson et al., 2006, Schatzle et al., 2003). A tendency for the incidence of progression to
increasewithyage has also been repor{ethdhe et al., 1989a, Haffajee et al., 1991), although

this was not always the cad@aelum et al., 1997Disease activity seems to affect a higher
proportionsef sites previously exposeddss of attachment. However, because of the larger
number ofsshallovgites in most subjects, progression affects a much higher number of sites
without previous loss of attachment (Thomson et al., 2006, Lindhe et al., 1989b).

Thevast:majority of the literatureporting on periodontal disease progressiorr éleesl
on pairs of visits to determine changeslinical attachment los$CAL). Disease progression
was then defined based on increases in CAL above certain thresholds to accaurdgrfan’
these measuremer(ieffcoat and Reddy, 1991, Lindhe et al., 1983, Goodson et al., 1982, Beck
et al., 1994, Haffajee et al., 1983b, Aeppli et al., 1985, Deas et al., E9@h)when
measurements were obtained over several time points, reversals in CAL were, for the most,
ignored (Lindhe et al., 1989d@ecause of the uncertainties associated with a diagnosis of
periodontal disease activity defined based on a single pair of measurements @ddAtti and
Claffey, 2005,"Corraini et al., 2013), it is possible that the patterns of diseasesprogr
previously reported were somewhat inaccurate. We have recently reported ondhknese
mixed models (LMM) to classify periodontal sites according to changes in clinical attachment
loss over 12 months into different categoriesisédse progressidifeles et al., 2016We
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proposedhatthe categories gferiodontal disease progression basetiMM s of CAL
overcomeseveral of the limitationBom previous methodologies. A higher level of accuracy in
designating a site as having undergone disease progression is paramogudsctiption of

patterns of periodontal disease progression

Therdatepresented heneereobtained from an ongoing study to search for biomarkers of
periodontal'disease progression. Sitieeprevious report on the LMM approach to define
disease progressipwe have completed the clinical study and gaiticipants were monitored
for disease progression for 12 months. The goal of the presentwesoe describe the patterns
of periodontal.disease progression in this population, usinightthé approacho identify
progressing sites and subjeclhis is the largest number of subjeet®rfollowed for 12 months
without treatment with bmonthly monitoring visits, allowing for a robusharacterization of the

patternof periodontal diseaggrogression.

MATERIAL&METHODS:
Study design:

The data were obtained as part of a prospective ritier clinical study on biomarkers
of periodontal'disease progression (Teles et al., 20a6jciPants were recruited between
January 2012 and December 2@t4our clinical centers in the United States: The Forsyth
Institute (Cambridge, MA), New York University College of Dentistry (New York) Nhe
University at Buffalo, State University of New YorBiffalo, NY), and Southern lllinois
University Seheol of Dental Medicine (Alton, ILEalibrated clinicians examined participants
bi-monthlyfer.12 months to monitor changes in CAL measurements and determine disease
progressionThelnstitutional Review Board from each center approved the study prior to its
initiation.

Study.population:

Inclusion, and Exclusion Criteria:

The study had the following inclusion criteria: &g years; willingness to comply with
study protocol>20 natural teeth, excluding third molars:>12 of these teeth had to be pre-

molars, first or second molars. Periodontitis subjects were stratified into mild periodontal loss
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and severe periodontal loss. Participants with severe periodontal loss had at least 8 separate teeth
with at least 1 site of pocket depth (PE)mm and concomitant CAL >3 mm. Participants with

mild periodontal loss had at least 4 teeth with at least 1 site e5Riin and concomitant CAL

>2 mm. Periodontitis subjects also had to present radiographic evidence of alveolar bone loss

around at least 2 of the affected teeth. Periodontally healthy subjects meloveéptriteria:

no radiographic evidence of alveolar bone loss, and all the teeth either hadPbiraf
irrespectiveof'the attachment leveD P4 mm with no CAL (except forthe distal of the second

molars); or, fordistal of second molars, PD =4 mm with concomitant €Alhm.

Exclusion criteria were: presence of orthodontic appliances; presenceadraltlesions
at the time of sereeningross tooth decay; root fragments, pericoronitis, greto lesions, or
other dental abscesses; pregnancy or lactation; requirement for prophylactic antibiotics for dental
procedures; periodontal or systemic antibiotic therapy in the previous 6 months; als&cobt
products within=l year before the screening visit; any medical condition that mighhadltree
course of periedontal disease or treatment; chronic use of nonsteroidal anmirnafiory drugs;
use of chronic systemic immunosuppressive agégfgersensitivity to tetracyclines; and
participation in a clinical study within the last 30 days. Only participants whotteatiad both
the baselinerand 12-month monitoring visit and had the same examiner throughout the
monitoning.phase were includddarticipants were allowed to have only 1 missing visit. Further
details can be obtained at ClinicalTrials.gov (https://clinicaltrials.gov/ct2/home) under the
identifier NCT01489839.

Clinical Examination:

Participants had periodontal parameters measungutatl168 sites per subject (6 sites
per tooth - mesiobuccal, buccal, distobuccal, mesiolingual, lingual, and distolirfgualp-to 28
teeth excluding third molarg&)cluding: probing depth (PD); measurement of distance from the
cementoenamel junction (CEJ) to the free gingival margin (B measure) (in case of recession, a
negative value"was assigned); CAL (calculated by subtracting the B measure from the PD);
presenceerabsence of plaque, gingival redness, BOP and suppuration. PD and theeB measur
were neasured usingalibratedNorth Carolina manual periodontal prod®€PUNC 15 Hu
Friedy Co, Chicago, IL), rounding down to the nearest millimetepré&molars andatthe first

and second molarBD and the B measuveere measured twice. CAL was calculated for each
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pass by the electronic data capturing (EDC) system. If the difference between the 2
measurements wa2 mm, the examiner was prompted by the EDC to obtain PD and the B

measure a third time. The median CALarg the 2 or 3 passes was used for analysis.
Rescue Therapy:

Subjects with>6 sites with cumulative loss of attachment >2 mm from baseline during
monitoring phase had their monitoring interrupted, and proceeded to treatment. Pasticipa
displaying=4 mm of CAL increase at a given site received periodontal rescue therapy at such
sites and gontinued with monitoring. After the monitoring phase, periodontallyzyeabjects
received professional dental prophylaxis and exited the study, whereas partwigants
periodontal disease received pgurgical mechanical periodontal therapy.

Subjects,and Sites Included in Analyses:

All participants who completed the 12-month monitoring phase, attended at leastf 6 out
7 monitoring.visits, and were examined by thene examiner in all such visitsad their data
analyzed./Participants that had their monitoring interrupted due to réscapyt were excluded.
If a subject received rescue therapy in some but not all sites, data for such sites were removed

from the analysis and the subject was otherwise retained in the analysis for any remaining sites.
Linear-Mixed Models:

Weapplied linear mixed mode(E MM) to predict subject-specific trends in CAL for
each site and.from which classifications of progression and regregsre made, as previously
describedTeleset al., 2016)Briefly, for each of the 168 tooth sites, a separate linear mixed
effects model'with a cubic polynomial for time (months) was fitted to quantify the course of
progression‘within individual$:or alditional details on the LMM employedefer to Eles et al.

2016 andhe online supplemental material.

We.then/developed a threshold for progression empirically based on the prediction
standard errors from a second series of linear mixed models (again, one per site) fitted to
ACALj, which,is the change in CAL value from baseline to time=t (fort= 2, 4, 6, 8, 10 or 12
months) for subject i. These models are identical to the models described above, except that the
outcome is ACAL;;. The threshold for change was based on tfep@scentile of the distribution

of the standard errors for subjagkcific predicted ACAL;. Sites were then classified as
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progressing based on the predictions from the first series of linear mixed maodglghas
threshold established from the second seWés grouped s@is based on changes in pCAL
(ApCAL) into: 1) regressing sites (ApCAL <-2Qys); 2) stable sites2Q;5 <ApCAL <2Q7s); 3)
intermediate sites (2@<ApCAL <4Q7s); and 4) progressing sites (ApCAL >4Q7s) (see Teles et
al. 2016 for.additional details).

Data"Analyses:

All'descriptive statisticsincluding mean periodontalinical parameters and
demographics;were computed using SAS® software and there was no imputationraf missi
data pointsMean periodontal clinical parameters were calculated for each subject and then
across subjects in each clinical category separiielyaseline and 12-month data. The mean
change insCAlzfrom baseline to 12 months was computed to estimate the ‘annoabteest
progression’=8bjects weralsogrouped into categories of progression such as unchanged (0
progressing sitesyransitional(1-2 progressing sites) amative (>3 progressing sites). Statistical
significance of differences in the number of subjects in the three categories of progression across
clinical groups (i.e., Healthy, Mild periodontal loss and Severe periodonta| vess tested
using theschisquare tesfThis analysis was also conducted grouping subjects based on
CDC/AAP casalefinitions (Page & Eke 2007; Eke et al. 201¢an clinical parametersere
then calculated for subjects in the thpeegression categories for baseline and 12-month data,
including the ‘annual mean rate of progressi@gnificance of statistical défrences across
progression categories was determined using ANOVA. For certain analysedpptily
healthy subjects were excluded from the progression categories. The mode of disease
progressions(i-e: pocketing, recession or both), was determined based on changes iB PD and
measurdromsbaseline to 12 months.

RESULTS:

Qut of the 526 participants who attended a baseline ¥&gubjects discontinue their
participation after baseline due to different reasaile 46 subjects had their monitoring
interrupted due to rescue therapy (FigureFipmthe 427 participants who completed the 12-
month monitoring 12were excluded because of a change in exanoineecause they attended
less than six monitoring visitsesulting in 41%articipants in the final analysi8mong these
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participants62 sites were excluded due to rescue therapy for a final number of 66,193 sites
included in analyse®eriodontally healthy subjects tended to be younger, more likely to be
female, and to have fewer missing teeth than subjects with mild or severe periodontal loss (Table
1). One can also observe that subjects in the healthy category presented lesgipigigak

redness, BOP.and suppuration than the periodontitis groups. EQwebjects classified as
“periodontally healthy” were not necessarily periodontally intact and had an av@tagef 1.1

mm.
Safety Summary:

During'the study, there were no unanticipated problems or serious adverse events
reported. Out of 526ubjects who attended a baseline visit, 124 subjects required rescue therapy
at the toothssite:level but were able to remain in the monitoring phase of theFstiydgine
subjects transitioned to the treatment and maintenance phase to recedenariherapy based
on the rescue therapy criteria for the study (see abdowanty-eight teeth had to be extracted
during the monitoring phase of the study. Reasons for extractions inchale@ teeth); dental
caries B teeth);fracture g teeth); endoduatic abscess (1 toothhird molar extraction (2 teeth);

periodontalkreason® teeth); and undetermined causes (2 teeth).
Linearmixed models for changes in CAL measurements:

From the linear mixed model for changes in CAL, th& @ércentile for the standard
errors of prediction was 0.242. Thus, the cut point for intermediate sites watedele 0.474

mm, whilethe cutpoint for progressing si¢ was set &.948mm.

Out of 66,193ites examined6.2%were classified as stable anulyp482 (0.7%)were
classified as progressing based on the results from the L(Widkde 3. Subjects with severe
periodontal-les$iad three times higher proportion of progressing sites compared to periodontally
healthy subjets.Fifty eight percent of the regressing sites were present in the severe periodontal
loss group. At the subject level, 44% of participants presented at least onsginggs#e.
Amongperiodontally healthy subjects, 22% had at least one progressing site compared to 53%

for periodontitis ' subjects

By computing the proportions of progressing sites across different tooth positibies

arch, it became apparent that the majority of progressing sites were located in the posterior

This article is protected by copyright. All rights reserved



sextants (i.e. prenolars and molars(Fig. 2). Regardingite positions around theoth,

progression occurred more often at the mesiobuccal and distobuccal sites and least often at the
midbuccal site (Table)3When the distribution of progressing sites across different baseline
pocket depths was calculated, one could observe that, although deep sitegghad @roportion

of progressing.sites (2.7% compared t&0for shallow sitey progressiomffected ehigher

number of oiginally shallow sitegTable 4.

Pogketing was the main mechanism for disease progression, accounting foo#18ll7%
progressing sites.uPe recessiomvolved 21.7% of progressing sit@sgombination of
pocketing‘and.recessi@ffected27.8%, while 1.2% of the progressing sitesriti change in
either PD for CAL from baseline to 12 months. Overall, periodontally healthy subpst a
higher proportion of sites progressing through recession (32%), compared to the mild pariodont
loss (17%) and'severe periodontal loss (22%) groups. When we examined the distabuti
these threesmodes of loss of attachment across sites around the tooth, pure poakatied
mainly at interproximal sites. At the midbuccal site, disease progression occurred primarily

through recession or a combination of pocketing and recession @H8ble

We-compared our categories of progression at the site levetnadthional definitions of
progression based on changes in CAL greater or equal to 2 or 3 mm. Only 257 sites (0.4%) had a
change'in'CAL equal to or greater than 3 mm from baseline to 12 months, compared to 482 by
LMM. Out of those, only 47% were classified as progressing based on the LMM, 44% as
intermediate, and 8% as stable. One thousand eight hundred andsinirséiys (2.9%) had a
CAL change greater than or equal to 2 mm over 12 months. Nineteen percent otéisesersi

classified asspregressing, 54% as intermediate, and 27% as stable.

We computed the distribution participants into three categories of progression based
on the number of progressing sites across clinical groups based on our case definitions and the
AAP/CDC case definitionsResults indicated that there was an statistically higher proportion of
active subjeets’in the periodontisoups compared to healthy subjeatespective of the case
definition‘used (Table 5).

The three categories of progressing subjects had comparableagedemographic
parameters anaumber of missing teetlt baseline (Tabl82). However, therevere statistically

significant differences in most clinical parametershwiite exception of suppuration. When
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clinical parameters were compared across progression categori¢seaéirclusion of

periodontally healthy subjects, the majoritystdtistically significant differencedisappeared
(Table5). However, the 12ronth data revealed that most clinipatameters ithe active group
worsened _during monitorin@ able6). For instance, the change in mean number of sites with PD
>4 mm was _S:4.for the active group compared to 0.1 and -6.6 for the transitional and unchanged
groups, respectivelyhis resultedn statistically significant differences most clinical

parametersicross categories of progression.

DISCUSSION:

The findings reported here were based on the largest cohort of subjects to be monitored for
periodontal disease progression without thettaps farWe used LMM of repeated measures of
CAL to compensate for the high variability in this clinical parameter and achieve a more
accurate diagnosis of disease progresfi@tes et al. 2016). In the current study, we
demonstratethat certain patterns of periodontal disease progression previously reported were
also identifiable using this novel approach. For instance, advanced progressiariratettén a
relativelyssmall number of subje¢cfrogression was a rare eveptogression awrred primarily

at interproximal sitegprogressiomffectedmainly molars progression at interproximal surfaces
occurred mainly through pocketing, while midbuccal sites had a higher prevalencesefarece
and sites with deeper pockets tended to display a higher proportion of disease progression
(Lindhe etal1989a, Haffajee et al., 1983a, Albandar et al., 1986, Loe et al., 1986, Papapanou et
al., 1989, Schatzle et al., 2003, Baelum et al., 1997, Ismail et al., 1990).

Although the prevalence of progression was higher at sites with baseline PD >6 mm
(2.7%) than at sites with PD <4 mm (0.7%), the number of shallow sites pingré@$s 387)
was muchrhigher than for deeper sites (N = 15), a finding in accord with others (Liradhe e
1989b, Themson et al., 2006). This observation reaffirms the need for clinicians to focus of the
disease process that afflicts their patients, rather than on the sequela of this process (i.e. deep
pockets). The'burden in terms of treatment needs imposed by disease progressianilis them

consequence of new diseased sites, rather than progression on previously affected sites.

Despite our best efforts to address hopeless teeth prior to enrollment, and a series of
safety rules that triggered rescue therapy of monitored teeth and/or sitfjdetsth were lost
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during the monitoring phase of the study. In addition, 24% of participants required rescue
therapy due to having at least 1 site withrammease in CAL greatédhan3 mm. Most extractions

were associated with dental cariescfuse or pain associated with pulp pathology, and only two
teeth were extracted due to deterioratiothefperiodontal condition. Although the number of

teeth lost duringhe study was greaténan desirable, the mean annual incidence of tooth loss per
periodontitis subjeat0.08year) wassimilar toreports in the literaturior subjects under
periodontal'maintenand@eles et al., 2008, Checchi et al., 2002, Wood et al., 1984j.

indicates thattte' tooth loss observed in our population of untreated subjects, compared favorably
to studies on periodontitis patients receiving maintenance. This suggests pitattiedack of
therapy, our participants were not exposed to an undue risk for tooth loss.

We calculated CAL based on measurements of PD and the distance from the
cementoenamel junction (CEJ) to the free gingival margin. Although this method has been
employedextensively in the periodontal literature, including large epidemial@gio/eys such
as the National*Health and Nutrition Examination Survey (NHANES) (Eke et al.,, 20itb¢
have argued that indirect measures of CAL cantaedror because it requires two separate
measurement&orraini et al., 2013)However, direct measures of clinical CAL require
considerablesmental effort during the exam of sites where the CEJ is not exposbds&or
areas, the.examiner must mentally subtract the measured distance from the free gingival margin
to the CEJ from th pocket depth (Corraini et al., 2013). In our experience, this method is not
without inaceuracies and slows down the exam considerably. Further, the reptibgucibi
obtained iINCAL measures in our study compares favorably with the published literature, as can
be ascertained by the high percentage of agreement and small stand deviatioed adthidhe

two passes (online supporting information).

We arbitrarily grouped our subjects based on the number of progressing sites into
‘unchanged’,transitional’ and‘active’ subjects. By comparing the annual mean rate of
progression for.the subjects classifiecaagvewith historical control§Schatzle et al., 2001,
Schatzle.et al., 2003, Baelum et al., 1997, Lindhe et al., 1989a, Ismail et al., 1990, Machtei et al.,
1997), one can observe that weresable to select subjects with a hagimual meamnate of
progression. In the classic report on the natural history of periodontal disease in mangby L6
al. (Loe et al., 1986), the individuals identified as having rapid progression of periatisatse
had a mean annual rate varying from 0.10 to 1.0 mm/year. Among our subgemipef
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participants, the range wed.66to 12 mmyearand the mean was35 mm/yearWe interpreted
thesefindings as indicative of the robustness of our criteria for selecting proyyestas and

subjects.

We grouped subjects ahreeclinical groups based dheir periodontal statu§hese
criteria were established to acceptertain level o€AL as compatible with periodontal health
and tosecurerthesrecruitment périodontitissubjects with a more severe and generalized pattern
of disease, increasing our chances of observing disease progression. The doAwback
establishing our ownategories of diseasess that the data cannot be promptly related to-well
established. standaodse definitionssuch aghose proposed by the CDC and AffRage & Eke
2007; Eke'et'al. 2012). To partially address this concern, we determined the prevalence of
unchanged, transitional and actsubjects irboth classificationsThe results were reassugin
given that the proportions of subjects in the tloa&tegories of progression were simitaeach
clinical groupracrosthe two classifications. For instance, the proportion of active sulnjettts
severe groupwas 28% and 23% for the CDC/AkeRsification and our case definitgn
respectively. These findings support the notion thatdisease categories behagamilarly to

those define based on CDC/AAP criteriegarding susceptibility to progression.

When_mean demographic and clinicatgraeters were compared across subdpat|
categories of progression, we obsertleteven at baseline, active subjects presented worse
periodontal parameters. This would suggest that participants with more gesiet®ntal
diseasaveremore prone to progression. However, when only periodontitis subjects were
examined, there were only minor differences across categories of progegdsiselineDue to
a worseningsef.clinical parameters in the active group and an improvemenuimctienged
group, by=22.menths differences in clinical parameters were statisticallficaghacross
progressing groups. These findings support the notion that dnitidefof active subjectsvas
capable of identifying individuals whose periodontal conditieterioratd during the ongear

of monitoring.

Previous studies on the progression of periodontal diseases reported pocketing as the
primary mode of progression for individuals in the 45-49 age range; accounting for 73.3% of
progressing sites, while pure recession and a combination of recessjockating affected

21.7% and 5% of progressingites, respectively (Schatzle et al. 2008)ur study population,
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48.7% of sites progressed through pocketing, 21.7% through recession, and 27.8% progressed
through a combination of both mechanisms. Direct comparisons between our study and previous
ones are compromised by the uniqueness of our approach to identifggsiogrsites using

LMMs. Prevous work has relied primarilyrochanges in CAL measurements obtained in a pair

of visits to define progression. However, our results are in accord with the natigpotketing

is the primary_mode of periodontal disease progressiadults.Further, our results confirmed
previous studies indicating that buccal sites progress mainly through recessien, whi
interproximal‘sitesleteriorate primarily through pocketii§chatzle et al., 2003). Also in accord

with previous literatureperiodontally healthy subjects had a higher proportion of sites

progressing through recession compared with periodontitis individuals (Schatz)2603).

An important methodologicalifference between our study and the one by Schétzle et al.
(Schatzle et al., 2008 that they examed data from 2 sites (mesial, buccal) per tooth in the
beginningand4 sites (mesial, buccal distal, lingual, i.e. 50% buccal/lingual, 5% aximal)
later, while'wesmeasured 6 sites per tooth (33% buccal/lingual, 67% interproximal). Because
interprakimal sites progress mainly by pocketing, this difference in methodology may have

impacted differences in the findings from the two studies.

Determining the mode of progression for progressitesdefined usindMMs also
revealed certain limitations ¢tis approach and small percentage pfogressing sites (1.7%)
did not demonstratecreases in either PD or recessi@tose inspection of the longitudinal
profiles of observed and predicted CAL for these esifes revealed that outliers of CAL
measwements resulted in the upward trend of change in the predicted CAL values. Another
pattern observed suggested reversal of transitory changes in CAL measufdatanist

shown):

In & previous paper, whustrated howthe LMM approach selected progression sites
with a lower tendency to have increases in CAL reverse in subsequent visits, compared to sites
selected based on changes in CAL on a pair of \iBétes et al., 2016)When comparing the
numker ofssites classified as progressing using the LMM to those using thresholds of changes
CAL measurementgor the higher thréwld of>3 mm, only 47%o0f sites were classified as
progressing based on the LMM. The lower threshold of 2 mm to define progression resulted i

even higher proportions of mismatches to the LMM categories of progression. Aghteghin

This article is protected by copyright. All rights reserved



our previous paper on the LMM approach, thus far, we have no meadgigtmine with
certaintywhich sites truly underwent progressidt#owever, these results illustrate the
discrepancies that would result from selecting diffeneethods to défie periodontal disease

progression.

In summary, the use of LMM to characterize sites and subjects undergaoodppéal
disease progression resulted in patterrnodression similar to those previously described in
the literature. However, comparisons to traditional meanstésrdmeperiodontal disease
progressiomesulted in considerable discrepasdietween which sites would definedas
progressing. lmprovementstime diagnosis of sites and subjects that experienced periodontal
disease progression might leadriore accurate assessngeat thediagnostic and prognostic
properties of clinical parameters and biomarkEtgure approaches using ré@ahe assessment
of disease activithased orbiomarkers may improve the measurement accuracy of periodontal

disease progression in at risk patients.
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Table 1 -Demographic and clinical parameters of study subjects in the three clinical categories:
periodontally healthy subjects, subjects with mild periodontal loss and subjéttevere

periodontal loss at baseline and 12 months.

Clinical Groups

Parameters Healthy Mild Severe Total

N of Subjects (%) 113 (27%) 144 (35%) 158 (38%) 415 (100%)
N of Sites (%) 18,501 (28%) | 22,766 (34%) 24,926 (38%) 66,193 (100%)
Ne of Male/Female 29/84 59/85 71/87 159/256
Age (years; mean SD) 3712 52112 50+12 47 +13

Ne of AA/C/Other/ND 22/65/24/2 26/94/14/10 58/85/10/5 106/244/48/17
Ne of Missing Teeth (mean £ SD) 0.7+1.3 16+15 16+1.7 13+16

Baseline Data

PD (mm; mean#SD) 1.7+0.3 23+03 2.8 0.5 23+0.6

CAL (mm; mean£$SD) 1.1+0.5 2.1+05 25+0.7 2.0+0.8

Percentage/of sites per subject with:

Plague (mean £ SD) 51+24 65+21 7221 64 +23
Gingival redAess (mean £ SD) 26+ 22 51+25 65+ 24 49 +28
Bleeding©n probing (mean * SD) 20+ 20 37+20 54 +24 39 125
Suppuration (mean + SD) 0.02+0.14 0.02+0.11 0.17£0.59 0.08 £0.38

Ne of sites/subject

CAL <4mm¢(Median, 1QR) 168 (162-168) | 143 (129-154) | 128 (107-145) | 142 (126-158)
CAL 4-6mm (Médian, IQR) 0 (0-0) 14 (7-21) 28 (17-39) 16 (1-29)
CAL >6mm (Median, IQR) 0 (0-0) 0 (0-2) 1(0-5) 0 (0-1)

Ne of sites/subject;

PD <4mm (Median, IQR) 168 (152-168) | 141 (132-149) | 123(105-139) | 144 (124-159)
PD 4-6mm,(Median, IQR) 0 (0-0) 16 (12-23) 34 (22-44) 14 (2-30)
PD >6mm (Median, IQR) 0 (0-0) 0 (0-1) 1(0-5) 0 (0-1)

12-month Data

PD (mm; mean % SD) 1.8+0.3 2.4+0.3 2.8+0.5 2.4+0.6

CAL (mm; mean + SD) 1.2+0.5 2.1 +0.6 25+0.7 2.0+0.8

Percentage of sites per subject with:
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Plague (mean  SD)
Gingival redness (mean + SD)
Bleeding on probing (mean % SD)

Suppuration (mean + SD)

51+27

32122

20+ 20
0.03+0.14

64 + 27

53+26

35+20
0.04+£0.19

71+25

67 +25

51+25
0.13+0.44

63 + 27

53+29

37+25
0.07+0.30

Ne of sites/subject
CAL <4mm (Median, IQR)
CAL 4-6mmu(Median, IQR)
CAL >6mm:(Median, IQR)

168 (160-168)
0 (0-0)
0 (0-0)

144 (128-155)
12 (5-25)
0 (0-1)

127 (109-146)
24 (13-38)
1(0-5)

146 (124-162)
11 (0-27)
0 (0-1)

Ne of sites/subject

PD <4mm (Median, IQR)

166 (159-168)

142 (131-150)

124 (105-139)

144 (124-159)

PD 4-6mm (Median, IQR) 0(0-2) 15 (8-23) 31 (18-44) 14 (2-30)

PD >6mm (Median, IQR) 0 (0-0) 0(0-1) 1(0-4) 0 (0-1)
Delta Observed CAL (mm; mean + SD) 0.11+0.29 0.03+0.40 -0.03£0.39 0.03+0.37
Delta Predicted CAL (mm; mean = SD) 0.12+0.14 0.03+0.17 -0.01+0.17 0.04 +0.17

AA, African American; C, Caucasian; ND, Not disclosed.

PD — probing depth
CAL - clinical'attachment loss

IQR — inter-quartile range

Table 2 Number and percentage of sites (in parenthesis) for each of the four categories of

progressionsfrom baseline to month &&h classifications based on linear mixed model

predictions of CALstratifiedin the three clinical groups.

Progression Category
Clinical Groups Regressing Stable Intermediate Progressing Total
Healthy (N = 113) 279 (0.4%) | 16,728 (25.3%) | 1,444 (2.2%) 50 (0.1%) | 18,501 (28.0%)
Mild PD (N = 144) 1,393  (2.1%) | 19,592 (29.6%) | 1,580 (2.4%) | 214 (0.3%) | 22,779 (34.4%)
Severe PD (N = 158) 2,315 (3.5%) | 20,717 (31.3%) | 1,663 (2.5%) | 218 (0.3%) | 24,913 (37.6%)
Total (N = 415) 3,987 (6.0%) | 57,037 (86.2%) | 4,687 (7.1%) | 482 (0.7%) | 66,193  (100%)
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Table 3 - Number and percentage of sites (in parenthesis) for each of the foarieatef

progressiorat each sé position around thioth.

Progression Site Position

Category MB B DB DL ML
Regression 680 (6%) 821 (7%) 805 (7%) 634 (6%) 478 (4%) 569 (5%)
Stable 9,282 (84%) | 9,458 (86%) | 9,310 (84%) | 9,592 (87%) | 9,876 (89%) | 9,519 (86%)
Intermediate 973 (9%) 704 (6%) 819 (7%) 712 (6%) 616 (6%) 863 (8%)
Progression 1027 (09%) | 64 (06%)| 97 (09%)| 77 (0.7%)| 68 (0.6%)| 74 (0.7%)

MB — mesiobuccal; B — midbuccal; DB — distobuccal; DL — distolingual; L — midlingual; ML — mesiolingual.

Table 4 - Number and percentage of sites (in parenthesis) for each of the foarieatef

progression stratified according to baseline pocket depth category.

Progression Category
Baseline PD Regressing Stable Intermediate | Progressing
<4 mm 2359 (4%) 50701 (88%) | 4160 (7.2%) 387 (0.7%)
4-6 mm 1447 (18%) 6010 (75%) 492 (6%) 80 (1.0%)
>6 mm 181 (33%) 326 (58%) 35 (6%) 15 (2.7%)

Table 5 -Number and percentage of subjects (in parenthesispfdr of the three categories of

progression stratified according to clinical groups based of ours and the CDCA8&P c

definitions.

PD CLASS Unchanged | Transitional Active*
Healthy 88 | (78%) | 17 | (15%) | 8 (7%)
Mild 69 | (48%) | 47 | (33%) | 28 | (19%)
Severe 74 | (47%) | 48 | (30%) | 36 | (23%)
CDC/AAP Unchanged Transitional Active*
Healthy 96 | (77%) | 18 | (14%) | 11 | (9%)
Mild/Moderate | 84 | (53%) | 51 | (32%) | 24 | (15%)
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Severe ‘ 51 ‘ (39%) ‘ 43 ‘ (33%) ‘ 37 ‘ (28%) ‘

*p<0.0001 based on clsguare test.

Table 6 -Clinical parameters of periodontissibjects in the three categories of progression:
unchanged (no progressing sites), transitional (subjects with 1-2 progressin@sdesctive

(subjects with 3 or more progressing sites) at baseline and 12 months.
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Progression Group

ANOVA

Parameter Unchanged Transitional Active Total p-value
N of Subjects (%) 143 (47%) 106 (35%) 53 (18%) 302 (100%)
N of Sites (%) 22,666 (47%) | 16,661 (35%) 8,387 (18%) | 47,714 (100%)
Ne of Missing Teeth (mean + SD) 15+15 1.7+1.8 15+15 16t1.6 0.73
Baseline Data
PD (mm; mean +'SD) 26+0.5 26104 26+0.5 2.6+0.5 0.82
CAL (mm; mean + SD) 2.3+0.7 23+0.7 24+0.7 2.3+0.7 0.67
Percentage of sites per subject with:
Plague (mean % SD) 6721 66 +23 77 £ 16 68 +21 0.006
Gingival redness (mean £ SD) 57 £25 57 £26 63124 58 £ 25 0.27
Bleeding on probing (mean + SD) 46 + 24 45 + 22 48 + 26 46 + 24 0.78
Suppuration (mean  SD) 0.11 £0.52 0.08 £0.27 0.10+0.46 0.10+0.45 0.81
Ne of sites/subject
CAL <4mm (Median,lQR) 140 (123-153) | 135 (118-147) | 129 (116-147) | 137 (119-150) | 0.26
CAL 4-6mm (Median, IQR) 17 (8-32) 22 (12-33) 22 (12-33) 20 (11-33) 0.43
CAL >6mm (Median;, 1QR) 0 (0-2) 1(0-3) 1 (0-6) 0 (0-3) 0.08
No of sites/subject
PD <4mm (Median, IQR) 135(121-147) | 133 (117-142) | 132(115-145) | 134 (118-146) 0.89
PD 4-6mm (Median, IQR) 22 (15-35) 24 (15-35) 21 (16-37) 23 (15-35) 0.90
PD >6mm (Median, IQR) 0(0-1) 0 (0-3) 0 (0-4) 0 (0-2) 0.08
12-month Data
PD (mm; mean % SD) 25104 26+04 2.8+0.5 2.6 +£0.5 <0.0001
CAL (mm; mean +:SD) 21+0.6 24107 2.7+0.7 2.3+0.7 <0.0001
Percentage of sites per subject with:
Plaque (mean % SD) 70+ 27 62+ 25 7222 68 + 26 0.03
Gingival redness (mean £.SD) 64 + 28 55124 6325 61+27 0.04
Bleeding on probing (mean £ SD) 43 +25 41 +21 49 + 26 43+24 0.21
Suppuration (mean £ SD) 0.03+0.19 0.13 +0.37 0.18 £ 0.55 0.090.35 0.81
Ne of sites/subject
CAL <4mm (Median, 1QR) 147 (129-158) | 134 (118-146) | 118 (103-131) | 137 (118-151) | <0.0001
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CAL 4-6mm (Median, IQR) 11 (3-23) 23 (13-33) 32 (17-44) 19 (7-32) <0.0001

CAL >6mm (Median, IQR) 0(0-1) 0 (0-4) 2 (0-5) 0(0-3) <0.0001
Ne of sites/subject

PD <4mm (Median, IQR) 140 (123-151) | 133 (114-144) | 121 (101-134) | 134 (116-148) | <0.0001

PD 4-6mm (Median, IQR) 17 80-34) 23 (14-36) 30 (18-46) 21 (12-38) 0.0005

PD >6mm (Median,\|QR) 0(0-1) 1(0-3) 1 (0-5) 0(0-2) <0.0001
Delta Observed CALs(mmjmean + SD) -0.18 +0.37 0.09+£0.30 0.33+0.40 0.00+0.40 <0.0001
Delta Predicted CALs(mms;mmean + SD) -0.08 £0.16 0.04 £0.13 0.17£0.16 0.01+0.17 <0.0001

PD — probing depth

CAL — clinical.attachment loss

IQR —inter-quartile range

FIGURE LEGENDS:

Figure 1 < Flow chart of subject recruitment for the study: 2sb®fects were telephone

screened for this study; 1,065 subjects were enrolled (consented) in the studyp84@ enr

subjects were, deemed eligible for the study after clinical screening; arstilh26ts attended a

baselinewisit. Of those, 53 discontinued due to different reasosspfcts were moved to the

treatmenphase due to rescue therapy, and 427 subjects completed their 12-morifiweisk.

of these individuals were excluded due to change in the examiner during the monitoring phase,

resulting ind15'subjects (113 periodontally healthy; 1di4h mild periodontal loss and 1%8th

severeperiodontal loss).

Figure 2 — Stack bar graph of frequency of occurrence of sites in different categories of

progression: regressing (blue bars), stable (purple bars), intermediate (maesjgand

progressing.(red bars) at different tooth positions in the upper anddoetes. Numbers

correspondito different teeth in a quadrant, based on the FDI World Dental Federatimmnot
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