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Abstract
Background and Objective: Long-term tooth retention is the ultimate goal of peri-
odontal therapy. Aim of this study was to evaluate tooth loss (TL) during 10 years of 
supportive periodontal therapy (SPT) in periodontal compromised patients and to 
identify factors influencing TL on patient level.
Material and Methods: Patients were re-examined 120 ± 12 months after active 
periodontal therapy. TL and risk factors [smoking, initial diagnosis, SPT adherence, 
interleukin-1 polymorphism, cardiovascular diseases, age at baseline, bleeding on 
probing (BOP), change of practitioner, insurance status, number of SPT, marital and 
educational status] influencing TL on patient level were assessed.
Results: One-hundred patients (52 female, mean age 65.6 ± 11 years) lost 121 of 2428 
teeth (1.21 teeth/patient; 0.12 teeth/patient/y) during 10 years of SPT. Forty-two of 
these were lost for periodontal reasons (0.42 teeth/patient; 0.04 teeth/patient/y). 
Significantly more teeth were lost due to other reasons (P < .001). Smoking, base-
line severity of periodontitis, non-adherent SPT, positive interleukin-1 polymorphism, 
marital and educational status, private insurance, older age at baseline and BOP, small 
number of SPT were identified as patient-related risk factors for TL (P < .05).
Conclusion: During 120 ± 12 months of SPT, only a small number of teeth was lost in 
periodontally compromised patients showing the positive effect of a well-established 
periodontal treatment concept. The remaining risk for TL should be considered using 
risk-adopted SPT allocation.
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1  | INTRODUC TION

Severe periodontitis is the most common non-communicable 
human disease,1,2 which if untreated can result in tooth loss (TL).3 
Irrespective of the fact that TL due to periodontal disease causes 
enormous follow-up costs,4 appropriate therapy of periodontitis pro-
vides a high level of oral health-related quality of life.5 Therefore, the 
retention of natural teeth should be the primary treatment objective 
of periodontal therapy.6-8 As numerous publications have shown, in 
addition to the initial removal of teeth classified as hopeless at the 
beginning of active periodontal therapy (APT), TL during supportive 
periodontal therapy (SPT) is a rare event.6,9-11 Nevertheless, there 
are cases in which TL occurs more frequently during SPT than in 
others. Which factors influence TL in the long-term during SPT?

Most recently, various long-term studies over a follow-up period 
of ≥10 years determined mean annual TL rates per patient of 0.13 
and 0.14, respectively, in both chronic (ChP) and aggressive peri-
odontitis (AgP) cases during SPT.9-12 Numerous factors at patient 
level associated with an increased risk of TL in SPT have already been 
described. For example, smoking,11,13 non-adherence to SPT,6,8,14 in-
dividual plaque control,6,11 diabetes,11,13 age,15,16 severity of initial 
diagnosis,6 marital status11 and educational status were identified 
previously.12,17 Interleukin-1 polymorphism as risk factor is contro-
versially discussed.6,15,18,19 Factors at tooth level (e.g. extent of bone 
loss, furcation involvement, abutment teeth for removable and fixed 
dentures) have to be distinguished from patient-level factors.

All studies have in common that they consider TL as endpoint, but 
rarely differentiate it further for purely periodontal tooth loss (TLP),20,21 
which should primarily be counteracted with SPT. The description of 
TLP is not quite simple, since there are criteria for periodontally hope-
less teeth,22-24 but they were not designed to facilitate extractions, but 
to describe the current condition of individual teeth.6,8,25,26 In addition, 
as soon as several clinicians are involved in a study, these criteria are 
interpreted and applied differently, so that only approximate criteria 
for TLP can be assumed, especially in retrospective analyses.

Another important point is that patients in such long-term examina-
tions are often not subject to a homogeneous treatment concept,6,8 as 
adjustments (eg use of microbiological testing and/or antibiotics, risk-
adapted SPT allocation) may have been made over the observed years. 
These adjustments would not have been made if they did not mean a ben-
efit, which is why they may also influence the outcome of these studies.

Therefore, the objective of this retrospective study was to as-
sess TL and TLP in periodontally compromised and homogeneously 
treated representative patient cohort over 10 years and to identify 
patient-related factors influencing both, TL and TLP, over that period 
in order to confirm and expand existing evidence.

2  | MATERIAL & METHODS

2.1 | Patients

First, study participants were identified by electronic and man-
ual search in the dental performance system. All patients were 

required to have undergone comprehensive periodontal therapy 
at the Department of Periodontology of the Johann Wolfgang 
Goethe-University Frankfurt/Main after April 2005 encompass-
ing oral hygiene instructions and supragingival debridement fol-
lowed by subgingival debridement according to a modification27 
of the full-mouth disinfection concept (FMD) under local anaes-
thesia.28 FMD was combined with adjunctive systemic antibiotics 
if Aggregatibacter actinomycetemcomitans was detected with com-
mercially available tests. If required (e.g. persisting pocket probing 
depths [PPD] ≥ 6 mm), periodontal surgery was recommended. The 
inclusion after April 2005 guaranteed the application of a homo-
geneous comprehensive treatment concept27 during APT and SPT 
after change of the head of the department (PE) and introduction of 
this concept in October 2004. Prerequisites for the participation in 
this retrospective cohort study were as follows:

1. Treatment according to the previously described concept
2. complete periodontal status [PPD and clinical attachment levels 

(CAL-V) at 6 sites/tooth, furcation involvement29 at all furcation 
sites of multi-rooted teeth] before start of therapy (baseline, T0) 
and after completion of APT (non-surgical and if required surgical 
therapy) and start of SPT (T1)

3. age ≥ 18 years at the time of re-examination (T2)
4. T1-T2 = 120 ± 12 months
5. written informed consent.

Patients were consecutively recruited 120 ± 12 months after 
completion of APT (T1) until 100 participants were re-examined. 
Both non-surgical and surgical therapy had to be completed for 
T1. The study was approved by the Institutional Review Board for 
Human Studies of the Medical Faculty of the Johann Wolfgang 
Goethe-University (approval number 61/15). The study was reg-
istered with the United States National Library of Medicine (NIM) 
in the clinical trials database (URL: https://clini caltr ials.gov) with 
the number NCT03048045. All participants were informed in de-
tail about the risks of participation before the start of the study 
and signed a written informed consent. The present work focuses 
on patient-related parameters, tooth-related parameters will be re-
ported separately. Data from this patient cohort have been partially 
reported in part in a multicentre project.30

2.2 | 10-year re-examination (T2)

Four different clinicians (KN, TR, PE and HP) were involved in re-
examination at T2:

1. self-reported smoking status [non-smokers (never smoked), 
former smokers (stopped smoking ≥5 years ago) and active 
smokers (stopped smoking <5 years ago or currently smoking)31

2. medical history
3. dental status
4. modified (6 sites per tooth) gingival bleeding index (GBI)32 and 

modified (6 sites per tooth) plaque control record (PCR)33

https://clinicaltrials.gov
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5. PPD and CAL-V to the nearest 1.0 mm with a manual, millimetre-
scaled rigid periodontal probe (PCPUNC 15, Hu-Friedy) at 6 sites 
per tooth; bleeding on probing (BOP) and suppuration 30 seconds 
after collection of probing parameters

6. furcation involvement at all multi-rooted teeth with Nabers probe 
(PQ2N, Hu-Friedy)29,34

7. Interleukin-1 (IL-1) polymorphism test (GenoType® IL-1, Hain 
Lifescience GmbH) if not already collected in clinical routine in 
the past; all patients who were positive for the second allele for 
IL-A 889 and IL-B 13953 were considered positive.

8. Patients who lost teeth were asked about the reason for this, if 
teeth were removed outside of the centre. For patients, whose 
tooth/teeth were removed in the centre or in the authors depart-
ment, reasons such as periodontal diseases [combination of pro-
gressive CAL-V loss, furcation involvement II/III29 and/or tooth 
mobility II/III35], caries or secondary caries diseases (carious le-
sions that could not be restored, endodontic complications that 
could not be managed by a revision), orthodontics (lack of space, 
balancing extractions), prosthetic considerations (unusable as an 
abutment tooth) or trauma [(longitudinal) untreatable fractures] 
were verified from the patient file.

Since the documentation for the justification of extraction deci-
sions over the past 10 years has not been uniform and always plau-
sible, the last clinical and radiological findings before the respective 
extraction were used—if the reason was not explicitly documented—
to assess whether there were either justifiable periodontal rea-
sons or other before mentioned reasons evident as a basis for past 
decision-making. 

9. self-reported marital status (with partner or without partner)
10. self-reported educational status (low: primary school, interme-

diate secondary school, apprenticeship; high: upper secondary 
education)

All examiners are experienced periodontists who have com-
pleted their postgraduate training for at least 3 years. With the 
exception of one examiner (HP), all participating examiners have 
already been calibrated for two multicentre-studies.36,37 Inter-
individual calibration for HP for probing parameters PPD and 
CAL-V was done to the head of the department (PE) by repeated 
measurements within one quadrant of patients to determine a 
deviation of >1 mm. The indices (GBI, PCR) were not calibrated 
separately.

PPD and CAL-V were further categorized according to the peri-
odontal screening and recording (PSR) categorization of PPD and the 
possibility to manage PPD during the SPT.38 PPD ≤ 3 mm correspond 
to a PSR code of 0-2 and healthy conditions.39,40 PPD 3-5 mm corre-
spond to a PSR code 3 and can be treated by subgingival instrumen-
tation during SPT. PPD ≥ 6mm correspond to a PSR code of 4 are not 
considered a treatment goal and have the risk of further attachment 
loss.40-42

2.3 | Patient charts

Tooth number without third molars was documented for different 
points of examination (T0, T1, T2).

All patients received a diagnosis according to the 1999 classi-
fication of periodontal diseases.43 Using T0 periodontal charts, all 
patients were assigned to stages according to the 2018 classifica-
tion based on interproximal CAL-V, teeth missing due to periodon-
tal reasons and complexity.44 A localized stage 3 periodontitis was 
classified as a moderate initial diagnosis, a generalized stage 3 or 
stage 4 periodontitis as well as a molar-incisor pattern with CAL-V 
≥5 mm were categorized as a severe baseline diagnosis. Indices (GBI, 
PCR) scored during SPT were taken from patient charts. To calcu-
late the individual periodontal risk, BOP, sites with PPD ≥ 5 mm, 
number of lost teeth without third molars, bone loss index, nicotine 
consumption and systemic/genetic factors were used according to 
the Periodontal Risk Assessment (PRA).31 As a result, the risk-related 
SPT interval was determined according to Ramseier & Lang prospec-
tively in each individual SPT session if new criteria were scored (e.g. 
PPD, BOP).6,45 To assign adherence (adherent or non-adherent), SPT 
interval recommendations were compared with the intervals actu-
ally documented in the patient file. If a patient once exceeded the 
interval determined during SPT by more than 100%, she/he was 
considered to be non-adherent (Example: A recommended inter-
val was 6 months, but the patient did not return to SPT until after 
13 months).6 In addition, patients’ insurance status, a single change 
of practitioner during SPT period and the number of SPT visits were 
retrieved from the patient charts.

2.4 | Supportive periodontal therapy

All SPTs counted in this study were carried out in a university setting 
by dentists in collaboration with dental nurses or dental hygienists as 
well as by students under dentists’ supervision. SPT took place over 
the entire follow-up period according to the same scheme,6 provided 
the patient participated regularly and included the following items:

1. modified GBI32 and modified PCR33

2. re-instruction and re-motivation for an effective individual plaque 
control

3. professional mechanical plaque removal with hand instruments 
and polishing by use of rotating rubber cups with polishing paste 
(SuperPolish; Kerr GmbH)

4. application of fluoride gel (Elmex Gelée; GABA Schweiz AG),46

5. Twice per year, a general dental examination and a complete 
periodontal status including PPD, BOP, furcation involvement 
and tooth mobility test were recorded. Once per year CAL-V and 
sensitivity testing were scored. At sites with PPD = 4 mm + BOP 
or PPD ≥ 5 mm, subgingival instrumentation was rendered 
and 1% chlorhexidine digluconate gel (Chlorhexamed 1% gel; 
GlaxoSmithKline GmbH) was instilled.
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Patients who had a high periodontal risk and therefore were 
scheduled four times a year received complete SPT including the 
above-mentioned items 1-5 in 6 months intervals and SPT without 
dental and periodontal status (items 1-4) in between. If a patient ex-
hibited >5 teeth with PPD ≥ 5 mm 2 years after reevaluating the 
non-surgical or surgical approach, a recurrent systematic periodon-
tal therapy was recommended considering individual factors such as 
the age of the patient, time of reevaluation and/or the presence of 
systemic diseases.

2.5 | Statistical analysis

Data were entered twice in an excel-based (excel version 16.23; 
Microsoft Corporation) data matrix (SA, KS). Input errors were mini-
mized by subtracting both data sets from each other. If the result 
was different from "0", there was an error. Then, the original charts 
were retrieved, and the error corrected.

The Pearson correlation coefficient was determined to evalu-
ate the inter-individual calibration (HP, PE) of the actually measured 
values for PPD and CAL-V (0-0.30: negligible agreement, 0.31-0.50: 
low agreement, 0.51-0.70: moderate agreement, 0.71-0.90: high 
agreement, 0.91-1.0: very high agreement).47 As an estimate for the 
reliability of the measurements, the standard deviation (SD) of single 
measurements was calculated as SD = SDdiff/√2.

The patient was considered as statistical unit and TL during 
SPT was defined as the primary target variable. TL during APT 
(T0-T1) and SPT (T1-T2) was calculated by subtraction of number 
of teeth. All other parameters were secondary target parameters. 
Descriptive data were calculated as absolute or relative frequencies 
and mean ± standard deviations. Mean values and frequencies were 
compared using paired t test or chi-square test.

Poisson regression analysis was used to identify factors 
that influence TL and TLP during SPT over a follow-up period of 
120 ± 12 months. The variables (a) initial diagnosis, (b) adherence to 
SPT, (c) mean BOP during SPT, (d) current smoking status, (e) marital 
status, (f) IL-1 polymorphism, (g) cardiovascular disease, (h) change of 
practitioner, (i) age at the beginning of therapy, (j) educational status, 
(k) insurance status and (l) number of SPT were entered into analysis. 
Third molars were excluded from the data analysis.

A significance level of 0.05 was assumed. All statistical analyses 
were performed with a computer software (IBM® spss® Statistics 24 
software package; IBM).

3  | RESULTS

3.1 | Patients

After an initial search, 153 patient files were consecutively checked 
for compliance with the inclusion criteria of the study. Of these, 
42 patients did not qualify to participate, as the inclusion criteria 
were not fulfilled. Thus, 111 patients were contacted, 11 of whom 

were considered dropouts. Four patients refused to participate in 
the study, 6 were no longer available at known addresses and one 
patient had passed away (Figure 1).

On average, 10.2 ± 0.5 years after completion of APT, 100 pa-
tients (52 females, 48 male) with a mean age of 65.6 ± 11 years at T2 
were re-examined between June 2015 and August 2019. Within this 
cohort, nine patients were active smokers, 38 former smokers and 
53 non-smokers. Between T0 and T1 four patients had stopped and 
one patient had started smoking. Two patients denied giving the in-
formation for marital and for educational status. 46 patients received 
surgical therapy in addition to their non-surgical therapy. Patients 
losing teeth during SPT were on average 1-2 years older at the be-
ginning of therapy (55.4 ± 11.4 [overall TL] and 54.9 ± 12.1 years 
[TLP]) than patients without tooth loss (53.3 ± 10.6 years) (Table 1). 
Characteristics according to TL are listed in Table 1.

In addition, the percentage distributions of probing parameter 
PPD and CAL-V as well as of GBI, PCR and BOP at the different 
re-examinations can be found in Table 2. Inter-individual calibration 
for probing parameters showed a high-positive agreement between 
PE and HP for PPD (|r| = 0.782; P < .001) and CAL-V (|r| = 0.834; 
P < .001; overall SD for single measurements PPD: 0.55 mm; CAL-V: 
0.67 mm). The number of examinations was divided as follows: KN: 
9, TR: 7, PE: 32, HP: 52 examinations.

Thirteen patients additionally obtained antibiotics during APT 
and 11 patients received a recurrent active periodontal therapy, one 
of them even two times, during the observation period. Percentage 
distributions of PPD, CAL-V, GBI, PCR and BOP according to intake 
of antibiotics and need of recurrence therapy are shown in Table 3.

3.2 | Tooth loss

At the beginning of SPT (T1), 100 patients had 2391 teeth 
(23.91 ± 4.15 teeth/patient), (Table 4, Figure 2). Of a total of 121 
teeth lost during SPT in 48 patients, only 42 teeth (0.42 ± 0.90 
teeth/patient) were lost due to periodontal reasons in 24 patients.

Table 5 provides absolute data on TL and TLP, according to all 
categorical risk factors evaluated during the study.

A more detailed analysis of TL during SPT according to patients’ 
adherence showed that among 48 patients who lost 121 teeth 26 
patients were considered adherent and lost 70 teeth and 22 were 
considered non-adherent and lost 51 teeth. For periodontal reasons, 
24 patients lost 42 teeth, of which 29 teeth were lost by 16 patients 
regularly attending SPT and 13 teeth by 8 non-adherent patients.

Risk factors.
Poisson regression analysis identified severe initial diagnosis 

(P < .001), non-adherence to SPT (P < .001), smoking (P < .001), liv-
ing with partner (P < .001), interleukin 1-polymorphism (P < .001), 
low educational status (P = .027), private insurance (P < .001), change 
of practitioner (P < .001), age at the beginning of therapy (P < .001), 
BOP (P < .001) and number of SPT (P < .001) as risk factors for over-
all TL during SPT (Table 6). For TLP during SPT, there was an addi-
tional positive correlation with cardiovascular disease (P < .001). In 
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contrast, no correlation could be found for interleukin-1 polymor-
phism and age at the beginning of therapy (Table 7). For TLP, current 
smoking status with a 28.6-fold increased relative risk was the stron-
gest risk factor. Absolute numbers according to above-described cor-
relations are given in the respective tables (Tables 6 and 7).

4  | DISCUSSION

One-hundred patients were re-examined 120 ± 12 months after 
APT according to TL in general and due to periodontal reasons. 
Patients contributed 2391 teeth after APT of which 121 were lost 
(1.21 teeth/patient; 0.12 teeth/patient/y) during 10 years of SPT. 
Forty-two of these, 121 teeth were lost for periodontal reasons. 
Severe initial diagnosis, non-adherence to SPT, smoking, living with 
partner, interleukin-1 polymorphism, low educational status, private 
insurance, change of practitioner, age at the beginning of therapy, 
BOP and number of SPT were identified as patient-related risk fac-
tors for overall TL.

How does this cohort distinguish from the cohort treated at 
Heidelberg?6 All patients were treated according to a consistent con-
cept.27 There occurred no changes in the treatment concept during 
the observation period as were reported for the cohort treated at 
Heidelberg.6 Thus, the recent cohort is more homogeneous accord-
ing to therapy. However, whereas APT was rendered by the same 
practitioner (PE) at Heidelberg, different therapists (all particularly 
trained and experienced) rendered APT in this study. Further, the 

present cohort was treated approximately 10 years later. Age at start 
of treatment may reflect a shift of severity to older age groups in the 
German population (morbidity compression).48

For 100 patients, this study showed an average TL of 1.2 teeth per 
patient over 10 years. Earlier studies on tooth retention with compa-
rable follow-up reported average TL of 1.1 teeth over 10.9 years,20 
1.3 teeth over 10.5 years12 and 1.6 teeth after 10 years ± 6 months.6 
The varying initial diagnoses have to be taken into account, as two 
studies exclusively included AgP.12,20 Furthermore, age at start of 
therapy (30.8 ± 4.1,12 46.6 ± 10.3,20 46.6 ± 10.3,6 54.3 ± 11.0 years 
in the present study), which is partly due to the included initial di-
agnoses,12,20 has to be considered. Both, patients’ initial diagnosis 
and age have already been described as risk factors for TL.6,11,16,49 
Another difference was the number of patients examined, which 
varied between 25 and 100 patients included in these studies.

Long-term follow-up examinations over 18-20 years resulted in 
on average higher TL of 2.49 or 2.8 teeth per patient.11 However, 
these differences can be explained by the risk factors mentioned 
above and the longer observation period.

Of all 121 lost teeth in 52 patients, 34.7% (n = 42) were lost for 
periodontal reasons. This was half as many as Diaz-Faes et al described 
with a share of 78.6%.20 The reason for this may have been the lower 
number of cases (n = 25), the definition of TLP, which has not been 
described in more detail, and the consistently more severe initial diag-
nosis (AgP). From a tooth retention point of view in the present study 
75 of the re-examined patients lost no teeth, 23 patients lost 1-3 teeth 
and 2 patients lost > 3 teeth for periodontal reasons. This is clearly 

F I G U R E  1   CONSORT flow diagram
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shown by the lower mean TL per patient (total: 1.21 ± 1.73; periodon-
tal reasons: 0.42 ± 0.90) compared to the total cohort.

Martinez-Canut et al reported annual loss of 0.05 teeth per 
patient for periodontal reasons over an average follow-up period 
of 20 years, which is close to that of 0.04 teeth/patient/y in this 
study.21 When comparing all the above-mentioned studies, in peri-
odontally compromised patients TL seems to be a rare event after 
APT, confirming the general treatment success of periodontal ther-
apy regardless of the concept pursued. This is supported by the re-
sults of a follow-up of a periodontally untreated patient cohort with 
an average loss of 13.1 teeth per patient over 40 years.3

As a patient-related risk factor, severity of initial diagnosis ac-
cording to the Tonetti et al (2018) was associated with increased 
risk for both,44 TL in general (3.6-fold risk) and due to periodontal 

reasons (13.2-fold risk), which confirms earlier findings according to 
Armitage (1999).6,40,43,50 Furthermore, well-established factors such 
as current smoking status,6,11,16,21,23,51 non-adherent SPT6,11,12,52,53 
and average BOP during SPT were confirmed.40

Socioeconomic factors like private insurance status (P < .05), low 
educational status (P < .05)12,17 and marital status11 were also identi-
fied as putative risk factors. Belonging to statutory or private health 
insurance is economically defined in the German healthcare sys-
tem. The contributions of older, privately insured patients are much 
higher than those of the same age who are statutory insured. For 
this study, this means that with an average age of more than 50 years 
at the start of therapy, there was probably already a different eco-
nomic standard between private and statutory insured participants. 
This is also evident in the educational and marital status 10 years 

TA B L E  1   Patient characteristics according to reason for TL

Overall patients All patients without TL All patients with TL All patients with TLP

(n = 100) (n = 52) (n = 48) (n = 24)

Gender (female/male) 52/48 29/23 23/25 12/12

Age (T0) [y] 54.3 ± 11.0 53.3 ± 10.6 55.4 ± 11.4 54.9 ± 12.1

Private insurance 46 25 21 9

Change of practitioner 62 30 32 14

Smoking (T2)

Active smoker 9 4 5 2

Former or non-smoker 91 48 43 22

Diabetes (T2) 11 5 6 3

Cardiovascular disease 30 18 12 7

Interleukin-1 polymorphism

Negative 69 34 35 19

Positive 31 18 13 5

Periodontal surgery 46 21 24 15

SPT

Adherent 58 20 26 16

Non-adherent 42 32 22 8

Number 22.52 ± 9.16 21.96 ± 8.42 23.13 ± 9.96 27.08 ± 9.52

Initial diagnosis (T0)

Moderate (localized stage III) 21 11 10 4

Severe (stage III/stage IV/MIP) 79 (51/22/6) 41 (27/8/6) 38 (24/14/0) 20 (15/5/0)

BOP [%] 16.8 ± 7.8 15.6 ± 7.3 18.2 ± 8.1 19.3 ± 8.5

GBI [%] 6.0 ± 5.8 4.8 ± 4.4 7.2 ± 6.9 8.8 ± 8.0

PCR [%] 31.1 ± 13.4 30.1 ± 14.3 32.2 ± 12.5 34.0 ± 10.2

Marital status

With partner 59 26 33 15

Without partner 39 25 14 9

Educational status

Low 33 14 19 9

High 65 37 28 14

Abbreviations: BOP, bleeding on probing; GBI, gingival bleeding index; MIP, molar-incisor pattern; PCR, plaque control record; SPT, supportive 
periodontal therapy; TL, tooth loss; TLP, periodontal tooth loss.
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TA B L E  2   Descriptive data for PPD and CAL-V according to reason for TL

PPD [%] ≤ 3 mm PPD [%] 4-5 mm PPD [%] ≥ 6 mm

T0 T1 T2 T0 T1 T2 T0 T1 T2

Overall 70.3 88.0 88.4 19.8 10.5 9.7 9.9 1.5 1.9

Without TL 74.8 91.0 89.5 18.2 8.1 8.9 7.0 0.9 1.6

With TL 65.4 84.6 87.3 21.5 13.2 10.6 13.1 2.2 2.1

With TLP 63.9 84.3 85.4 22.2 13.5 12.1 13.9 2.2 2.5

CAL-V [%] ≤ 3 mm CAL-V [%] 4-5 mm CAL-V [%] ≥ 6 mm

T0 T1 T2 T0 T1 T2 T0 T1 T2

Overall 57.1 67.4 67.4 27.4 23.7 23.2 15.5 8.9 9.4

Without TL 63.3 73.9 70.5 25.8 20.9 22.3 10.9 5.2 7.2

With TL 50.4 60.5 64.1 29.0 26.9 24.2 20.6 12.6 11.7

With TLP 48.4 57.1 56.5 30.4 29.7 29.7 21.2 13.2 13.8

GBI [%] mean ± SD PCR [%] mean ± SD BOP [%] mean ± SD

T1 T2 T1 T2 T1 T2

Overall 5.6 ± 7.5 5.5 ± 6.9 29.8 ± 17.5 33.1 ± 18.6 13.1 ± 9.0 18.6 ± 12.0

Without TL 5.2 ± 8.3 5.3 ± 7.3 29.2 ± 17.3 28.9 ± 16.2 11.7 ± 6.9 18.3 ± 11.6

With TL 6.1 ± 6.7 5.9 ± 6.5 30.5 ± 17.9 37.6 ± 20.0 14.7 ± 10.6 18.9 ± 12.5

With TLP 8.4 ± 7.7 6.3 ± 7.6 33.3 ± 17.9 40.8 ± 16.3 15.3 ± 11.3 17.4 ± 11.1

Abbreviations: BOP, bleeding on probing; CAL-V, vertical clinical attachment level; GBI, gingival bleeding index; PCR, plaque control record; PPD, 
pocket probing depth; TL, tooth loss; TLP, periodontal tooth loss.

TA B L E  3   Descriptive data for PPD and CAL-V according to intake of antibiotics during APT or need of recurrence therapy

Patients [n]

PPD [%] ≤ 3 mm PPD [%] 4-5 mm PPD [%] ≥ 6 mm

T0 T1 T2 T0 T1 T2 T0 T1 T2

With antibiotics 13 58.4 84.4 82.3 22.2 13.6 14.0 19.4 2.0 3.7

Without antibiotics 87 72.1 88.5 89.3 19.4 10.1 9.1 8.5 1.4 1.6

With recurrence 11 66.5 83.4 83.2 20.1 14.8 12.5 13.4 1.9 4.1

Without recurrence 89 70.7 88.4 89.0 19.8 10.1 9.4 9.5 1.5 1.6

CAL-V [%] ≤ 3 mm CAL-V [%] 4-5 mm CAL-V [%] ≥ 6 mm

T0 T1 T2 T0 T1 T2 T0 T1 T2

With antibiotics 13 47.3 58.0 63.4 25.7 27.1 23.9 27.0 14.9 12.7

Without antibiotics 87 58.6 68.8 68.0 27.6 23.3 23.1 13.8 7.9 8.9

With recurrence 11 55.9 67.2 59.1 24.8 23.2 26.5 19.3 9.6 14.4

Without recurrence 89 57.8 68.1 68.4 27.7 23.4 22.8 15.1 8.5 8.8

GBI [%] mean ± SD PCR [%] mean ± SD BOP [%] mean ± SD

T1 T2 T1 T2 T1 T2

With antibiotics 13 4.3 ± 6.2 3.4 ± 3.8 26.2 ± 15.6 26.2 ± 13.7 11.8 ± 8.2 17.0 ± 11.5

Without antibiotics 87 5.8 ± 7.7 5.9 ± 7.2 30.3 ± 17.8 34.1 ± 19.0 13.3 ± 9.1 18.8 ± 12.1

With recurrence 11 5.9 ± 8.4 5.3 ± 9.4 25.9 ± 15.2 30.2 ± 16.6 15.7 ± 9.2 18.6 ± 12.3

Without recurrence 89 5.6 ± 7.5 5.6 ± 6.6 30.2 ± 17.8 33.4 ± 18.8 12.8 ± 8.9 18.6 ± 12.0

Abbreviations: BOP, bleeding on probing; CAL-V, vertical clinical attachment level; GBI, gingival bleeding index; PCR, plaque control record; PPD, 
pocket probing depth; TL, tooth loss; TLP, periodontal tooth loss.
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later. Here 73.9% of the privately insured participants showed a high 
educational status and 60.9% a marital status with partner. Statutory 
insured participants came to 57.4% for both. Unlike Pretzl et al not 
single marital status, but living with partner shows a positive correla-
tion with TL, which may be due to different distributions of family 
status in the cohorts.11 Further studies show correlations of marital 
status with tooth loss.54,55 However, socioeconomic factors have al-
ready been described as robust factors for periodontitis and their 
impact on health is well known.56,57 It has been shown several times 
that oral hygiene is influenced in the long term by socioeconomic 
factors in the early years.58,59 This difference can also be obtained 
from the present data for an advanced age. The PCR differs approxi-
mately 10% between patients with private (26.7 ± 11.7%) and statu-
tory (34.9 ± 13.7%) insurance. Socioeconomic factors in the present 
study could be translated to a late consequence of monetary and ac-
cess options to preventive offers, which in the worst case may cause 
differences in tooth loss. In this study, 46 privately insured persons 
lost 48 teeth and 54 persons with statutory insurance lost 73 teeth.

To the best of our knowledge, the change of practitioner, even 
though strictly defined by a single change, and the number of SPTs 
takes into account two new factors in the regression analysis that 
have not been included in previous literature before. On one hand, 
the positive correlation between the change of practitioner and tooth 
loss could be due to the different experience and the possibly result-
ing different treatment consequences of the respective practitioner. 
This may be plausible, in particular against the background that during 
SPT also undergraduate and postgraduate students were involved in 
the treatment. Further, a new therapist may be likely to react more 
invasively to signs of disease (eg a single deep pocket or furcation le-
sion) than a therapist that sees a patient already for years and knows 

the stability of the situation. On the other hand, it must be self-critical 
noted that due to the structural contrariness in a university setting, it 
is not possible to permanently assign each patient to the same practi-
tioner. In addition, the private insurance status of patients presents a 
potential confounder for the change of practitioner, as many privately 
insured patients are treated by dentists rather than by students.

The correlation of the number of SPTs with TL on first sight 
seems to contradict the correlation between lack of adherence and 
TL. Patients with TLP had on average almost six SPT appointments 
more over 10 years compared to patients without TLP (27.08 vs. 
21.08 SPTs). Number of SPT on one hand indicates high effort in 
SPT, but on the other hand indicates high periodontal risk (PRA) 
encompassing established risk factors as, for example smoking and 
severe bone loss. It is not the simple number of SPTs that indicates 
effective maintenance. A low-risk patient adheres to maintenance 
attending SPT once a year (i.e. 10 SPTs in 10 years). A high-risk pa-
tient attending 20 SPTs in 10 years (twice the number) may not be 
adherent if she/he attends all recommended visits during the first 
5 years and quits SPT thereafter.

In addition, in terms of overall TL, interleukin-1 polymorphism 
and the age at the start of therapy were identified as risk factors. 
This confirms results of previous studies.6,11,13,15

Some studies confirm associations between polymorphisms 
and periodontitis, but the majority of the studies fail.60 Huynh-Ba 
et al (2007) consider in their systematic review 122 publications on 
composite polymorphism. According to the results of the meta-anal-
ysis, there is only insufficient evidence that a positive genotype con-
tributes to the progression or treatment results of periodontitis. The 
main reasons are the too small study populations and the associated 
lack of statistical significance.19 Therefore, and due to the complex 

TA B L E  4   Descriptive data for number (lost) teeth (overall and per patient) according to reason for TL

Patients [n]

Number of teeth [n] mean ± SD (total) TL [n] mean ± SD (total)

T0 T1 T2 APT SPT

Overall 100 24.28 ± 4.0 (2428) 23.91 ± 4.15 (2391) 22.70 ± 4.98 (2270) 0.37 ± 0.76 (37) 1.21 ± 1.73 (121)

All patients without TL (SPT) 52 25.29 ± 3.06 (1315) 25.08 ± 3.14 (1304) 25.08 ± 3.14 (1304) 0.21 ± 0.50 (11) 0.0

All patients with TL (SPT) 48 23.19 ± 4.61 (1113) 22.65 ± 4.75 (1087) 20.13 ± 5.34 (966) 0.54 ± 0.94 (26.0) 2.52 ± 1.70 (121)

All patients with TLP (SPT) 24 24.5 ± 2.23 (588) 23.96 ± 2.37 (575) 21.04 ± 3.68 (505) 0.54 ± 0.72 (13) 2.92 ± 1.74 (70)

Patients 
[n]

Anteriors [n] mean ± SD (total) Premolars [n] mean ± SD (total) Molars [n] mean ± SD (total)

T0 T1 T2 T0 T1 T2 T0 T1 T2

Overall 100 11.08 ± 1.95 
(1108)

11.05 ± 1.97 
(1105)

10.79 ± 2.29 
(1079)

7.05 ± 1.34 
(705)

6.98 ± 1.40 
(698)

6.62 ± 1.67 
(662)

6.15 ± 1.89 
(615)

5.88 ± 1.96 
(588)

5.29 ± 2.18 
(529)

All patients 
without TL 
(SPT)

52 11.58 ± 1.11 
(602)

11.58 ± 1.11 
(602)

11.58 ± 1.11 
(602)

7.25 ± 1.22 
(377)

7.23 ± 1.26 
(376)

7.23 ± 1.26 
(376)

6.46 ± 1.97 
(336)

6.27 ± 2.0 
(326)

6.27 ± 2.0 
(326)

All patients 
with TL 
(SPT)

48 10.54 ± 2.47 
(506)

10.48 ± 2.48 
(503)

9.94 ± 2.88 
(477)

6.83 ± 1.43 
(328)

6.71 ± 1.52 
(322)

5.96 ± 1.82 
(286)

5.81 ± 1.76 
(279)

5.46 ± 1.83 
(262)

4.22 ± 1.85 
(203)

All patients 
with TLP 
(SPT)

24 11.16 ± 1.34 
(268)

11.08 ± 1.44 
(266)

10.71 ± 1.81 
(257)

7.29 ± 0.91 
(175)

7.13 ± 0.99 
(171)

6.08 ± 1.12 
(146)

6.04 ± 1.12 
(145)

5.75 ± 1.29 
(138)

4.25 ± 1.65 
(102)

Abbreviations: APT, active periodontal therapy; SD, standard deviation; SPT, supportive periodontal therapy; TL, tooth loss; TLP, periodontal tooth 
loss.
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inheritance and genetic background of periodontitis the representa-
tion of a single polymorphism as a risk factor for TL must be viewed 
with caution.

Furthermore, TLP correlated positively with cardiovascular dis-
eases confirming earlier results regarding total TL. How is TLP linked 
to cardiovascular disease? Considering the association of cardiovascu-
lar with periodontal disease,61-64 it may be that teeth with periodon-
tal lesions are more likely to be extracted in cardiovascular diseased 
patients to lower the inflammatory load. On the other hand, drugs 
described due to cardiovascular disease (e.g. calcium channel block-
ers) may have increased periodontal risk in this respective subgroup.

The different examiners particularly at the beginning of APT, 
the lack of calibration for GBI and PCR, and partially self-reported 
reasons for tooth loss are a clear limitation of this study. In a uni-
versity setting with dentists attending for postgraduate education 
and then leave university after 3 to 4 years of education, it cannot 
be guaranteed that all patients are cared for consistently over a pe-
riod of 10 years by just one therapist. Even under a consistent treat-
ment concept within the department of periodontology, different 
therapists to some extent cause variations of treatment decisions 

including extraction during APT. The cohort would probably have 
been more homogeneous with the same therapist. Furthermore, 
during SPT, some patients were treated by both periodontists and 
students under supervision, which may have affected the quality of 
treatment and its outcome.

5  | CONCLUSIONS

Taking into account all limitations of this study, the following conclu-
sions may be drawn:

1. TL on average is a rare event, especially for periodontal rea-
sons, over 10 years after completion of APT confirming the 
applied treatment concept.

2. Initial diagnosis, non-adherent SPT, current smoking status, mari-
tal and low educational status, private insurance, change of prac-
titioner, BOP and number of SPT are identified as risk factors for 
both, TL and TLP over 10 years of SPT.

3. Risk-adopted allocation of SPT intervals could prevent TL(P).

TA B L E  5   Descriptive data for TL (overall and periodontal) according to categorical risk factors

Parameter
Overall  
patients [n]

TL TLP

Overall [n]
Patient 
(mean ± SD) Overall [n]

Patient 
(mean ± SD)

Gender Male 52 56 1.17 ± 1.42 20 0.42 ± 0.77

Female 48 64 1.23 ± 1.95 23 0.44 ± 1.02

Private insurance Yes 46 56 1.22 ± 1.62 22 0.48 ± 0.86

No 54 64 1.18 ± 1.79 21 0.39 ± 0.94

Change of practitioner Yes 62 83 1.34 ± 1.89 24 0.39 ± 0.89

No 38 37 0.97 ± 1.35 19 0.50 ± 0.92

Smoking (T2) Active 9 13 1.44 ± 2.24 8 0.88 ± 1.69

Former/never 91 107 1.18 ± 1.66 35 0.38 ± 0.79

SPT Adherent 58 69 1.19 ± 1.76 30 0.52 ± 1.01

Non-adherent 42 51 1.21 ± 1.65 13 0.31 ± 0.72

Diabetes Yes 11 16 1.45 ± 2.16 8 0.73 ± 1.56

No 89 104 1.17 ± 1.65 35 0.39 ± 0.79

Cardiovascular disease Yes 30 27 0.90 ± 1.40 12 0.40 ± 0.81

No 70 93 1.33 ± 1.82 31 0.44 ± 0.94

Interleukin-1 polymorphism Positive 31 33 1.06 ± 1.57 6 0.19 ± 0.48

Negative 69 87 1.26 ± 1.77 37 0.54 ± 1.02

Initial diagnosis Moderate 21 19 0.90 ± 1.18 4 0.19 ± 0.40

Severe 79 101 1.28 ± 1.82 39 0.49 ± 0.99

Marital statusa  With partner 59 79 1.34 ± 1.53 27 0.46 ± 0.88

Without partner 39 40 1.34 ± 1.53 16 0.41 ± 0.97

Educational statusa  Low 33 47 1.42 ± 1.79 15 0.45 ± 0.97

High 65 72 1.11 ± 1.69 27 0.42 ± 0.88

Abbreviations: SD, standard deviation; SPT, supportive periodontal therapy; TL, tooth loss.
aTwo patients denied giving the according information. 
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4. Additionally, interleukin-1 polymorphism and age at the beginning 
of therapy were identified as risk factors for total TL, whereas 
cardiovascular disease was identified as risk factor for TLP.
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