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ABSTRACT

Aim: To determine the incidence of tooth loss in patients with generalized aggressive
periodontitis (GAgP) during supportive periodontal therapy (SPT), identify tooth loss
risk factors, and quantify alveolar crest height changes on periapical x-ray during

follow-up.

Material and Methods: This retrospective study included 25 GAgP patients with 656
teeth after periodontal treatment (baseline). Data were gathered on sociodemographic,
periodontal, and radiological variables at baseline and at the end of follow-up. Linear

regression models were used to assess the association of risk factors with tooth loss.

Results: Twenty-eight teeth were extracted during SPT. The mean tooth loss per patient
was 1.12 £ 2.01 for all causes and 0.9£2.0 for periodontal disease after a mean follow-
up of 10.9+2 years. Clinical variables were improved at the end of follow-up, with a
mean reduction of -1+0.8 mm in probing pocket depth (-0.7 to -1.3, 95%CI) and -
0.6=0.9 mm in clinical attachment loss (-0.9 to -0.2, 95%CI). Mean alveolar bone crest
loss at the end of follow-up was 0.36+0.56 mm (0.10 to 0.61, 95%CI). Smoking was

associated with tooth loss (p=0.052).

Conclusions: Tooth loss rate was low in GAgP in a regular supportive care program.
Clinical variables improved and bone loss was minimal over time. Smoking was

associated with tooth loss.
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CLINICAL RELEVANCE

Scientific rationale for the study:

Few long-term studies have addressed tooth loss and its related risk factors in GAgP

patients receiving regular SPT.

Principal findings:

The results of active GAgP treatment remained stable over time and even improved
PPD and CAL, contributing to ensure tooth survival. Smoking was associated with

tooth loss.

Practical implications:

A larger number of SPT visits and/or full compliance with STP do not appear to avoid
the loss of teeth with worse initial periodontal status. Efforts to support patients in

quitting tobacco may contribute to tooth stability in GAgP.

CONFLICT OF INTEREST AND SOURCE OF FUNDING

The authors have stated explicitly that there are no conflicts of interest in connection
with this article. This study was self-funded by research group CTS-583 (University of

Granada).
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INTRODUCTION

Aggressive periodontitis (AgP) affects young people with a non-contributory medical
history and self-reported familiar aggregation and is characterized by a rapid attachment
loss and bone destruction (Lang et al. 1999). The prevalence ranges between 0.1 and
0.2% in Caucasians and between 1 and 5% in African and Afro-American populations
(Susin et al. 2014). Generalized aggressive periodontitis (GAgP) usually affects subjects
under 30 years of age but can appear in older individuals. It is defined by generalized
interproximal attachment loss involving at least three permanent teeth other than first

molars and incisors (Lang et al. 1999).

Supportive Periodontal Therapy (SPT), an extension of active periodontal therapy, is
performed at programmed intervals to assist periodontal patients in maintaining oral
health (AAP 2000). Disease progression is rapid in patients with untreated aggressive
forms of periodontitis, who have a higher risk of relapse during SPT (Teughels et al.
2014) but do not lose more teeth than do chronic periodontitis patients over the long
term (Graetz et al. 2011). There has been limited investigation into long-term treatment
and maintenance outcomes in GAgP patients (Nibali et al. 2013), with clinical studies
on tooth loss over a 5-year follow-up period in 25 patients (Kamma and Baehni 2003), a
6-year period in 64 patients (Brown et al. 1996), and a mean of 10 years in 84 patients
(Baumer et al. 2011). Various authors have associated tooth loss in periodontitis with
alveolar bone crest loss (Dannewitz et al. 2006, Faggion et al. 2007, Pretzl et al. 2008).
Alveolar crest loss was described by Baumer et al. as the most important prognostic
factor for tooth loss during SPT in AgP patients (Baumer et al. 2011). The baseline
clinical status of teeth has been considered an essential predictive factor for long-term
tooth loss (Graetz et al. 2011), and tooth loss has been related to non-compliance with

periodontal maintenance programs (Axelsson and Lindhe 1981, Lee et al. 2015). It has
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also been reported that risk factors have a similar influence on long-term tooth

prognosis in both chronic and aggressive periodontitis (Pretzl et al. 2008).

In a recent systematic review of 16 studies, Nibali et al. (Nibali et al. 2013) reported that
the average tooth loss in AgP during maintenance therapy after initial treatment was
0.09 teeth per year and that the annual tooth loss was lower in localized (0.05 teeth) than
in generalized (0.14 teeth) forms. However, 91% of the tooth losses (358 teeth) were in
only 38% of the patients, with 16% losing only one tooth during the follow-up and 46%

losing none.

The objective of this retrospective study was to determine the incidence of tooth loss in
GAgP patients undergoing long-term SPT and to identify clinical variables associated

with losses.

MATERIALS AND METHODS

Study design

A retrospective observational study was performed in consecutive patients undergoing
treatment for GAgP in a periodontal private practice clinic in Malaga, Spain, who were
reevaluated between October 2013 and March 2014. STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) guidelines were followed (von
Elm et al. 2008). The study was approved by the Research Ethics Committee of the
provincial health service (# PI03/11/13) and conducted in accordance with CIOMS

ethical guidelines and the Helsinki Declaration.
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Study Participants

Data were retrieved from the database of the periodontal clinic on all patients with a
diagnosis of early-onset periodontitis, rapidly progressive periodontitis, juvenile
periodontitis, or GAgP. Study inclusion criteria were: age up to 35 years at the
diagnosis and at least 18 years at re-examination., completion of active treatment,
current receipt of SPT, minimum follow-up time of > § years, presence of > 20 teeth at
the time of diagnosis, and complete x-ray series and periodontal records at the diagnosis
and at the end of the study. Exclusion criteria were the presence of systemic disease or
pregnancy. The study coordinator (L.D-F) telephoned patients meeting the eligibility
criteria and invited them to participate in the study. Patients who gave their consent then
underwent a complete periodontal examination (full medical and dental history, intra-
oral examination, and full-mouth periodontal charting), including periapical x-rays. All
subjects had received initial periodontal treatment with a combination of oral
amoxicillin (500 mg TID for 7 days) and metronidazole (500 mg TID for 7 days);

patients allergic to penicillin received metronidazole alone (Guerrero et al. 2005).

Variables

Data were gathered on the age, sex, and smoking habit of patients at the diagnosis and
end of the follow-up, classifying them as non-smokers (or ex-smoker for >5 years) or
smokers of <10 cig/day, 10-20 cig/day, or >21 cig/day. Tooth loss was the main
outcome variable, measured as the difference between the number of teeth after initial
periodontal treatment (baseline) and the number of teeth in the final reevaluation. The
position and cause of each tooth loss were recorded. Clinical data on periodontal
probing pocket depth (PPD) and clinical attachment loss (CAL) were gathered by two

experienced and calibrated periodontists (AG at diagnosis and L.D-F at end of follow-
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up) using a manual probe (PCPUNCI15, Hu-Friedy, Chicago, IL, USA) at six sites per

tooth MV, V, DV, ML, L, DL), excluding third molars.

Inter-examiner calibration was measured in a group of 10 GAgP patients not involved in
the main study. All of them received SPT at least every 6 months at the same
periodontal private practice clinic. Both examiners measured full-mouth PPD and
gingival margin recession of the gingival margin in all 10 subjects, with each patient
being examined on the same day at two different time points (one per examiner). The
percentage of between-examiner agreement (within +/- lmm) on CAL measurements

was 93.62%, considered adequate.

The modified binary index of Tonetti et al. was calculated as plaque index (Tonetti
2002), and the Ainamo and Bay score as bleeding index (Ainamo and Bay 1975). All
patients were scheduled to receive SPT every 4-6 months, and data were gathered on
their total number of SPT sessions and compliance with SPT, classifying patients as
“compliant” if they had attended all SPT appointments during the entire observation

period.

Mesial and distal bone crest loss was measured in all teeth on periapical x-ray series at
the diagnosis and in the final reevaluation, using a customized film holder with beam
guiding tool (Rinn Corporation, Dentsply, York, PA, USA) to obtain a repeatable
exposure in all intraoral x-ray studies, which were always performed with the same
radiological device (Oraliz AC, Gendex, Dental Systems, Milan, Italy). The loss was
calculated as the difference between these time points in the distance from the
cementoenamel junction (CEJ) to the bone crest area most in contact with the tooth root
(Mros and Berglundh 2010). For this purpose, periapical x-rays were digitalized with a

HP Scanjet G2710 scanner (Hewlett-Packard®, Palo Alto, CA, USA) at a resolution of
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600x1200 dpi. The measurements were made by a single calibrated researcher (A. M-
F.), who was blinded to the patients’ clinical data, using a digital image analysis
program (ImageJ 1.48v, NIH, Bethesda, MD, USA). Seven randomly selected x-rays
were examined twice, two weeks apart, in order to determine intra-examiner
reproducibility, obtaining an intraclass correlation coefficient of 0.86, indicating good
intra-examiner agreement. A distance between alveolar crest and CEJ < 1 mm was not

considered as loss (Hausmann et al. 1991).

Statistical analysis

The statistical analyses were performed by a single researcher (M.B.). SPSS v.20.0
(IBM Inc., Chicago, IL, USA) was used when the unit of analysis was the patient,
performing descriptive statistics (means, standard deviations and percentages) and
analytical procedures (95% confidence intervals, Mann-Whitney test, Chi-square,
Student's t-test for paired samples, and univariate and multivariate linear regression
analysis with periodontal tooth loss as dependent variable). The DESCRIPT procedure
in SUDAAN 7.0 (RTI International, Research Triangle Park, NC, USA) was used when
the unit of analysis was the tooth site in order to account for clustering (multiple
observations within each patient) in standard error and p-value calculations. The

statistical tests used are given in Table footnotes

RESULTS

Out of the 157 patients diagnosed with GAgP, 92 met the study eligibility criteria
according to their clinical records. It proved impossible to contact 30 of these patients,
and 22 of the remaining 62 patients were subsequently excluded (2 for pregnancy, 3 for

diabetes, 1 for death, and 16 for continuing their treatment at another clinic). Out of the
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final sample of 40 eligible patients, 25 signed written informed consent to study
participation. Table 1 displays the age, sex, smoking habit, SPT visits, compliance with
SPT program, and mean study follow-up in years of the patients included in the study.
There were no statistical differences in gender, age, number of teeth or smoking habit at
baseline between the patients included in the study and the patients lost to follow-up.
Seven patients attended all programmed SPT visits, while the remaining 18 patients
attended at least one appointment a year. The mean (£standard deviation) follow-up
period was 10.9+2.0 years. At baseline, 656 teeth were evaluated, recording 22 losses
due to periodontal disease (12 maxillary molars, 6 maxillary premolars, 1 anterior
maxillary tooth, and 3 anterior mandibular tooth); most of the losses (18) were in three
patients (Table 2). 8 teeth were lost in regular SPT and 14 in irregular SPT (p=0.74).
Eighteen teeth lost were multi-rooted; at baseline, eleven of these had no furcation
involvement, five had grade I or II furcation involvement, and two had grade III
furcation involvement. In their initial treatment, 12 of the 25 patients received sextant
periodontal access surgery, 3 guided tissue regeneration, and 1 a free gingival graft.
Three patients required repeated surgery during the follow-up (data not shown). At the
end of the follow-up, a significant decrease was observed in mean PPD and CAL
values, in the percentage of pockets, and in sites with CAL of 4-6 mm and > 7 mm, and
a significant mean increase of 0.36 mm was recorded in the CEJ-bone crest distance
(Table 3). Table 4 shows that the mean loss of CEJ-bone distance (alveolar crest height)

was 0.53 mm in distal sites and 0.43 mm in mesial sites.

The mean (£sd) number of lost teeth was 1.62+2.57 in smokers (n=13) and 0.08+0.29 in
non-smokers (n=12), giving a p=0.052 (Table 5). The smallest alveolar crest height loss
was in incisors and maxillary canines and the largest was in maxillary and mandibular

molars. There was no significant difference (p=0.318) in the mean (£SD) number of
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SPT visits/year between the 18 patients with no tooth loss (1.140.6) and the 7 with tooth
loss (1.5+0.8) (data not shown). Table 5 exhibits six linear regression models
constructed with variables considered to be associated with periodontal tooth loss.
When all six variables were tested together in a backward multivariate regression
model, all variables except tobacco (1.53+0.75, p=0.052) were excluded from the

model.

DISCUSSION

In this series of GAgP patients undergoing SPT, the mean tooth loss was 1.12 £ 2.01 per
patient for total causes and 0.9 + 2.0 for periodontal causes after a mean follow up of
10.9 years. The annual tooth loss per patient, assuming a constant loss rate, was 0.10
0.18, similar to the annual losses published by Nibali et al. in their meta-analysis (0.14)
(Nibali et al. 2013) and by Albandar et al. (0.08) (Albandar et al. 1996); Kamma et al.
(0.21) (Kamma and Baehni 2003), and Béumer et al. (0.15) (Baumer et al. 2011).
Waerhaug et al., Saxén et al., and Graetz et al., who did not differentiate between
generalized and localized AgP, also observed comparable losses of 0.14, 0.11, and 0.13
respectively (Waerhaug 1977, Saxen et al. 1986, Graetz et al. 2011). However, Dopico
et al. recently described a higher loss rate for AgP patients not under strict SPT of 0.27
teeth per patient/year after a mean follow-up of 6.97 years (Dopico et al. 2016). The
main cause of tooth loss in the present study was periodontal, although 72% of the
participants lost no teeth due to periodontal causes. As in previous studies, a small
proportion of the participants were responsible for the majority of tooth losses (Baumer
et al. 2011). Among the teeth lost during the follow up, 82% were multi-rooted (12
molar, and 6 maxillary premolars), consistent with previous reports in both AgP and

chronic periodontitis (Ng et al. 2011, Salvi et al. 2014). Thus, Ng et al. found an OR of
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4.7 for the loss of multi-rooted versus single-rooted teeth in patients receiving SPT (Ng
et al. 2011). Dannewitz et al. attributed the greater loss of maxillary molars during SPT
to their complex anatomy and higher prevalence of furcation defects (Dannewitz et al.

2006).

In our study, we analyzed 3168 sites, and 4.2% of these had pockets > 7mm deep at
baseline (134 pockets >7mm), and the number of sites with CAL loss > 7mm was much
higher (241). The average PPD at baseline was 3.7 mm, with a 43% of healthy sites at
baseline (<3 mm). This result is within the range of previous baseline periodontal status
reported by other studies. Monteiro et al. and Hughes et al. reported a mean PPD of 2.7
and 2.98 mm respectively, while Haas et al. published a mean PPD at baseline of 4.7mm

in GAgP (Monteiro et al. 2015, Hughes et al. 2006b, Haas et al. 2008).

A systematic review of 13 retrospective cohort studies associated age, smoking, and
baseline prognosis with tooth loss after SPT for at least 5 years; however, the authors
did not reach definitive conclusions due to the heterogeneity among studies, problems
with the categorization of smoking, and the need to subdivide patients by periodontitis
type (Chambrone et al. 2010). A progressive increase in tooth loss with higher age in
the general population can also be due to fractures resulting from the presence of dental
fillings, endodontically-treated teeth or dental traumatisms (Schiffner et al. 2009). In
our GAgP patients, the mean age was only 30 years, but six teeth were lost for these

reasons.

Epidemiological and clinical studies have confirmed tobacco smoking as a major risk
factor in periodontitis and, therefore, in tooth loss (Palmer et al. 2005). It has been
reported that periodontal treatment outcomes are worse in smokers (Hughes et al.

2006a), and smoking has been associated with higher long-term tooth loss rates (Konig
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et al. 2002). Smoking was also related to tooth loss in the present study. Thus, out of the
22 teeth lost for periodontal causes, 21 (95.5%) were from patients who were smokers
at their diagnosis, and 14 (63.6%) were from patients who were smokers at the end of
the follow-up. Linear regression confirmed this relationship. Smoking has several
harmful effects on periodontal tissue, including alterations in gingival vasculature and
the impairment of neutrophil and fibroblast functions (Palmer et al. 2005).

Sigusch et al. and Haas et al. found that scaling and root planning in GAgP patients
stabilized the disease for 6 months, followed by a clinical worsening and disease
recurrence (Sigusch et al. 2001, Haas et al. 2008). In contrast, good long-term outcomes
were obtained in the present patients after SPT for a mean of almost 11 years, with a
reduction in mean PPD of 1£0.8 mm and a gain in CAL of 0.6+0.9 mm. These values
are not in agreement with the results compiled in a review by Teughels et al, in which
relapse and progression of the disease were observed at 6 months after the treatment of

GAgP patients despite their receipt of SPT (Teughels et al. 2014).

No published data appear to be available on absolute changes (in mm) in the alveolar
crest height of GAgP patients in regular SPT over the short or long-term. In the present
study, a mean alveolar crest loss of 0.36£0.56 mm was found between baseline and the
end of the follow-up. Onabolu et al. found that AgP (both generalized and localized
forms) showed rate of bone loss of 0.31 mm/year, higher than the results of our study,
but in patients not under regular SPT, using panoramic and bitewing apart from
periapical radiographs (Onabolu et al. 2015). A loss of 1 mm every 10 years was
observed by Wennstrom et al. in chronic periodontitis patients under SPT (Wennstrom
et al. 1993). The greatest height loss was observed in mandibular and maxillary molars,
likely due to the more difficult access to these teeth for maintenance and hygiene

procedures and the presence of furcation defects. The lowest height loss was in
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maxillary incisors and canines, which are much easier to access and may receive more
attention as the most visible teeth. Baumer et al. found an association between alveolar
crest loss and tooth loss in localized and generalized AgP (Baumer et al. 2011). Unlike
in the present study, they reported bone loss as percentages and used panoramic x-rays,
which can offer distorted images of posterior segments. It is well-known that periapical

radiography is a superior technique for measuring alveolar crest loss (Zaki et al. 2015).

Patients who had abandoned SPT for several years were excluded from this study, as
recommended by Salvi et al. (Salvi et al. 2014). Our finding of a larger number of SPT
visits by the patients who lost teeth than by those who did not is likely attributable to the
more frequent treatment sessions required by more severe patients. The effect of SPT on
tooth loss is controversial, with some authors finding a reduction in tooth loss with
regular SPT (McFall 1982, Fardal et al. 2004, Faggion et al. 2007, Matuliene et al.
2008) but others finding no difference between patients receiving and not receiving
programmed SPT (Baumer et al. 2011, Dannewitz et al. 2016). The key factor for tooth
preservation is the compliance of patients with their SPT program, which should be
individualized (Axelsson and Lindhe 1981). However, linear regression analysis
showed that tooth loss in our study was not associated with either the number of SPT
visits or with SPT compliance. A recent meta-analysis reported a lesser tooth loss with
better SPT compliance, but no distinction was made among different types of
periodontitis and the results were highly heterogeneous, attributed to confounding
variables that can also affect tooth loss, such as the quality of the SPT and the
socioeconomic level of patients, among other unidentified factors (Lee et al. 2015).
Thus, in the present study, the baseline clinical status was significantly worse for the
teeth that were subsequently lost than for those that were preserved, which would have

acted as a confounder in the relationship between SPT attendance and tooth loss. It is
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evidently important to diagnose and treat the disease as early as possible. Nevertheless,
we highlight the good outcomes obtained after a mean of 10.9 years under SPT in the
present patients, all of whom attended at least once a year, with an improvement in

mean PPD and CAL values.

Study limitations include the small sample size, although our evaluation included 656
teeth, 3,168 clinical sites, and 713 radiological sites (measured twice). In order to
explain risk factors, the small number of patients included in this study causes low
statistical power, particularly for multivariate analyses. We also treated the mean
alveolar crest height loss as constant over time in computing annual rates, a common
assumption in the literature when measurements at intermediate intervals are not
available (Pjetursson et al. 2014). Potential selection bias was controlled by ensuring that the

baseline characteristics of the patients lost to follow-up did not differ from those who were

finally included in the study. Finally, a complete radiological assessment was not always
possible, because the quality of some x-rays were inadequate for alveolar crest height

measurement with the software used

This retrospective study, along with the one by Graetz et al. (Graetz et al. 2011), are the
longest follow-up of GAgP patients published to date. A low tooth loss rate was
obtained in the patients, who were on a regular supportive care program for a mean of
almost 11 years, while clinical periodontal variables improved and alveolar crest loss

was minimal. Smoking was associated with tooth loss.
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1
2
3 Table 1. Patient data (n=25)
4
5 .
6 Variable
7
8 Age (years), mean+sd 30.84+4.1
9
10
11 Women, n (%) 17 (68.0)
12
13 Smoking at diagnosis, n (%)
14
15 No or ex-smoker >5 years 12 (48.0)
16
17 Ex-smoker <5 years 2 (8.0)
18 .
19 <10 cig./day 3 (12.0)
32 10-19 cig./day 4 (16.0)
22 >20 cig/d 4

> g/day (16.0)
23
24
25 Smoking at end of follow-up, n (%)
26
27 No or ex-smoker >5 years 17 (68.0)
gg Ex-smoker <5 years 0 -
30 <10 cig./d 2

g./day (8.0)

31
32 10-19 cig./day 4 (16.0)
33
34 >20 cig/day 2 (8.0)
35
g? N° SPT visits, meantsd 12.8+£7.7
38
39 Compliant with SPT, n (%) 7 (28.0)
40
j; Follow-up (years), mean+sd 10.9£2.0
43 : _
a4 Lost to follow-up patients (n=132)
45 Age (years), meantsd 31.9+4.9 0.279a
46
47 Women, n (%) 92 (69.7%) 0.941b
48
49 Smokers 64 (48.5%) 0.845b
50
51 Teeth at baseline, mean+sd 25.4£2.6 0.145a
52
53 a: Mann-Whitney U-test. b: Chi-square test with Yate’s correction.
54 SPT = Supportive Periodontal Therapy; Compliant = attending 100% of programmed visits
55
56
57
58
59
60
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Table 2. Tooth loss related variables (n=25)

Variable n (%)
Teeth at baseline

Range 22-28
meandsd 26.2+1.8
Teeth at end of follow-up

Range 19-28
mean+tsd 25.1£3.1
Lost Teeth (Total) 28 (100)
Causes:
Periodontal 22 (78.6)
Conservative treatment 2 (7.1
Vertical fracture 1 (3.6)
Orthodontic treatment 3 (10.7)
Distribution of tooth loss among patients

0 18 (72.0)
1 4 (16.0)
2 0o -

3 0 -

4 0o -

5 1 (4.0
6 1 (4.0
7 1 (4.0
meandsd 0.9+2.0
95% CI 0.1-1.7
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Table 3. Periodontal and bone height variables in 25 patients
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Baseline Final Difference
Variable

meansd mean=+sd meanzsd 95%-CI p-value®
PPD (mm.) 3.7+£2.0 2.7£1.5 -1.0+£0.8 -0.7to-1.3 <0.001
% healthy sites (<3 mm). 42.9+31.0  86.9+10.0 44.0+27.9 32.3t055.7 <0.001
% pockets 4-6 mm. 52.9+28.6 12.54£9.5 -40.4+26.1 -51.3t0-29.5 <0.001
% pockets >7 mm. 42+74 0.6+0.9 -3.6+6.9 -6.5t0-0.7 0.023
CAL (mm.) 4.1+£1.3 3.6£1.0 -0.6+0.9 -0.9t0-0.2 0.012
% sites <3 mm. 39.4+304  63.9+21.7 24.5+31.2 11.4t037.5 0.001
% sites 4-6 mm. 53.0£25.7  31.4+17.1 -21.6+30.0 -34.1t0-9.1 0.003
% sites >7 mm. 7.6£10.9 4.747.1 -2.9+7.4 -6.0t0 0.2 0.084
CEJ- Bone crest (mm.) 345+1.11  3.81+1.12 0.36+0.56 0.10to 0.61 0.013

a: Student's t-test for paired samples; p-values were not adjusted for multiple testing
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Table 4. Changes in CEJ-bone crest distance

Variable sites
All sites 713
Mesial 380
Distal 333
Maxillary Incisor +Canine 159
Maxillary Premolar 104
Maxillary Molar 75

Mandibular Incisor +Canine 180
Mandibular Premolar 125
Mandibular Molar 70

Initial

meanz+sd

3.33%1.60

3.33+1.61

3.33%1.60

4.10£1.93

2.86£1.26

3.18+1.49

3.49+1.46

2.77+1.22

3.03+1.62

Final

meanz+sd

3.81£1.62

3.77£1.64

3.86+1.60

4.22+1.65

3.41+1.53

3.84+1.68

4.05+1.45

3.27+1.23

3.80+2.21

Difference
mean+tsd 95% CI*?
0.48+1.13 0.25-0.71
0.43+1.17 0.19-0.68
0.53+1.09 0.29-0.77
0.12+1.20 -0.20-0.43
0.56+1.19 0.15-0.96
0.65+0.95 0.34-0.96
0.56+0.99 0.23 -0.88
0.50+0.93 0.23-0.78
0.77+1.51 0.32-1.22

a: 95% confidence interval, calculated using SUDAAN DESCRIPT procedure to account for clustering

(multiple sites within teeth and patients). When the 95% CI does not include the value 0, it is interpreted

as a statistically significant change between baseline and final observations. Only teeth present at baseline

and at the end of the study were included in this analysis.
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12 Table 5. Univariate linear regression analysis of the variables associated with periodontal tooth loss (n=25)

15 Variable Btse p-value

17 Age (years) meansd 0.13+0.10 0210
20 Women -1.28+0.83 0.136
22 Smokers 1.53+0.75 0.052
25 SPT visits 0.08+0.05 0.154
27 Compliance with SPT 0.37+0.90 0.689

Follow-up (years) 0.17+0.20 0.408

32 Only smoking was statistically significant in multivariate regression (not shown).

Journal of Clinical Periodontology - PROOF



©CoO~NOUTA,WNPE

Journal of Clinical Periodontology - PROOF

Manuscript Title: Tooth loss and alveolar bone crest loss during supportive periodontal
therapy in patients with generalized aggressive periodontitis: retrospective study with follow-up

of 8 to 15 years (CPE-03-16-6255.R3).

Associate Editor's Comments to Author:

Thanks for the revisions that were generally appreciated by the referees. Please address the few
remaining issues and update your reference list (please see recent relevant papers e.g. in the JCP
including online early and accepted manuscripts available on the Journal website.

Response: Pubmed and JCP website have been checked for recent papers concerning the topic

of this manuscript. Another reference has been included (Monteiro et al 2015).

Reviewer(s)' Comments to Author:

Referee: 1

A cohort of 25 patients who had been treated non-surgically including adjunctive systemic
antibiotics for generalised aggressive periodontitis (gAgP) were examined retrospectively. Main
outcome was tooth loss during supportive periodontal therapy (SPT). From a total of 656 teeth
28 were extracted during SPT. Smoking was marginally associated with increased tooth loss.
This is the revision of the manuscript on a retrospective cohort study on the relevant issue of
tooth retention by periodontal treatment in AgP. The manuscript was improved substantially.

However, there still are some issues requiring clarification.

1. It is difficult to recruit and follow-up a large cohort of GAgP patients. This explains the
small number of patients included in this study. However, this small number causes low
power particularly for multivariate analyses trying to explain risk factors (e.g. irregular
SPT). The authors may wish to point out this issue clearly in the Discussion section.
Response: We totally agree with the reviewer. We have now included this issue as a
limitation in the Discussion section as follows: “In order to explain risk factors, the small
number of patients included in this study, causes low statistical power, particularly for

multivariate analyses”.

2. We all agree that we can retain periodontally compromised teeth for a long time even in
gAgP. However, there is quite strong evidence for the benefit of regular SPT. The
difference between regular and irregular SPT stronger if the difference between regular and
irregular SPT is large. In this small cohort study the difference between SPT frequency in

the regular and irregular group is small, is it not?
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Response: The SPT program was individualized for each patient, with interval between
visits of 3 to 6 months. There were patients that attended 4 times/year (regular SPT) and
patients that only attended 1 time/year (irregular SPT). We think that this difference in SPT

visits is not small.

Abstract, Practical implications

3. page 39, lines 30-33: The study failed to show an association between irregular SPT and

tooth loss. There were 7 patients attending all scheduled SPT visits (regular SPT) and 18
patients attended at least 1 SPT visit per year. The difference between the actual SPT
frequencies (regular/irregular) is low and the number of subjects is very low (low test
power). Thus, the respective statement on effect of SPT is not sufficiently supported by the
data presented.

Response: We think that the statement about the effect of SPT visits on tooth loss is
expressed in a non-categorical way and with caution, due to the limitation of a low sample
size (this issue is addressed in the discussion section). Nevertheless, our results support this

statement.

page 39, lines 33-36: On page 45, lines 50-53 the authors report that smokers on average
lose less teeth (i.e. 0.08+0.29) than non-smokers (i.e. 1.61+2.57). How does this support the
statement that quitting tobacco may contribute to tooth stability?

Response: We have checked the statistical analysis and unfortunately there was a problem
with codification. The statement has been rewritten as follows: “The mean (£sd) number of
lost teeth was 1.62+2.57 in smokers (n=13) and 0.08+0.29 in non-smokers (n=12), giving a
p=0.052 (Table 5).”

Material & Methods

3 page 42, lines 11-17: Why limiting age at diagnosis to 18 years at the diagnosis? This is
a retrospective study reporting tooth loss 10 years after therapy. Any patient receiving
therapy around puberty (approximately 10-13 years) would have been at least 18 10 years
after therapy. The inclusion criteria cannot be changed anymore. However, they are not
plausible. Plausible would be up to 35 years at diagnosis and at least 18 years at re-
examination.

Response: We have now added this remark accordingly in materials & methods.
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page 43, lines 39-48: How precise was the distance CEJ to bone crest measured? To the
nearest 1 mm or to the nearest 0.1 mm?
Response: The digital image analysis program used (ImageJ®) was set to show measures to

the nearest 0.01 mm.

Results

How many teeth were lost in the regular and how many in the irregular SPT group? How
many SPT visits

Response: Out of the 22 teeth lost due to periodontal disease, 8 teeth were lost in regular

SPT and 14 in irregular SPT. This new result has been included in results section

Total
Group Patients (n) Teeth lost SPT visits
mean=tsd
mean=tsd
SPT irregular 18 0.78+1.77 | 10.246.5
SPT regular 7 1.14+2.61 | 19.6+6.8
Student's t-test p=0.742 | p=0.004

Table 1 shows the mean number of SPT visits during follow-up and the number of patients

compliant with SPT.

page 45, lines 25-28: Use furcation involvement instead of furcation.

Response: We have used the term “furcation involvement”, as requested by the reviewer.

Page 45, lines 40-46: The authors fail to find a correlation between tooth loss and
plaque/gingival index at the end of the study and report this explicitly. How should plaque
and gingival index at the end of the study influence tooth loss during the 10 years before? If
there would be data on mean plaque and gingival index during SPT expecting a correlation
would be plausible. However, not for the respective values after tooth loss has occurred.
Remove sentence.

Response: This sentence was added in response to a request of another reviewer in R2.

Sentence has been removed accordingly from the text as suggested by the actual reviewer.

Discussion

page 50, lines 8-15: Undoubtedly, this is a very nice cohort study on gAgP. However, it has
its limitations. Bédumer et al. 2011 already reported 71 gAgP patients with a mean of 10.5
years (5-17). Actually, 10.9 years of follow-up is a longer follow-up. However, Graetz et al.

2011 report 32 patients with gAgP with a follow-up of on average 15.3 years which is
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definitely longer than the actual study reports. The authors should not ignore that there
exists already substantial work. The authors may wish to address this fact in the discussion.

Response: We have now cited the work of Graetz et al. as the study with the longest
follow-up period and have changed this paragraph at the end of discussion section: “This
retrospective study, along with the one by Graetz et al. (Graetz et al. 2011), are the

longest follow-up of GAgP patients published to date”.

Referee: 2
The authors carefully considered previous reviewers comments and modified the text
accordingly. The paper now acknowledges better the limitations and it is clearer. I have a few

additional comments:

Results:

1. The authors stated ‘The mean (+sd) number of lost teeth was 1.61£2.57 in non-smokers

(n=13) and 0.08+0.29 in smokers (n=12), a significant difference (p=0.049; Student's t-
test).” If that was the case, then smoking would have a protective effect on tooth loss. Please
correct.
Response: We have checked the statistical analysis and unfortunately there was a problem
with codification. The statement has been rewritten as follows: “The mean (£sd) number of
lost teeth was 1.62+2.57 in smokers (n=13) and 0.08+0.29 in non-smokers (n=12), giving a
p=0.052 (Table 5).”

Discussion:

2. Please note the Dopico et al. study included patients not undergoing regular SPT. I suggest
adding the word ‘irregular’ to SPT or ‘not under strict SPT’
Response: Following the reviewer’s recommendation, we have added in discussion “not

under strict SPT” when referring to the study of Dopico et al.

3. ‘No published data appear to be available on absolute changes (in mm) in the alveolar crest
height of GAgP patients over the short or long-term’. Please refer to the study by Onabolu
et al. 2015 for comparison of crestal bone loss in AgP vs. CP not under regular SPT.
Response: Following the reviewer’s remark, we have now referred and cited the work of

Onabolu et al. We compare our results and highlight the differences between both studies.

4. ‘In this retrospective study, with the longest follow-up of GAgP patients published to
date...’. Please compare length of follow-up woth the study by Graetz et al. 2011
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Response: We have now cited the work of Graetz et al. as the study with the longest
follow-up period and have changed this paragraph at the end of discussion section: “This
retrospective study, along with the one by Graetz et al. (Graetz et al. 2011), are the longest
follow-up of GAgP patients published to date”.

Please add a comment on initial disease severity of this patient group (as per my previous
comment) to allow comparison with previous longitudinal studies.

Response: We have found that Average PPD is not frequently reported in AgP studies, but
our results are in the range of other published data. We have added in the discussion section
a new paragraph on the periodontal conditions at baseline of the patients included in the
study and compared it with other baseline conditions reported in GAgP studies:

“In our study, we analyzed 3168 sites, and 4.2% of these had pockets > 7mm deep at
baseline (134 pockets >7mm), and the number of sites with CAL loss > 7mm was much
higher (241). The average PPD at baseline was 3.7 mm, with a 43% of healthy sites at
baseline (<3 mm). This result is within the range of previous baseline periodontal status
reported by other studies. Monteiro et al. and Hughes et al. reported a mean PPD of 2.7 and
2.98 mm respectively, while Haas et al. published a mean PPD at baseline of 4.7mm in GAgP
(Monteiro et al. 2015, Hughes et al. 2006b, Haas et al. 2008).”
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