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Abstract
Objective: To assess tooth-related factors contributing to tooth loss over a period of
10 years after completion of active periodontal therapy (APT).

Material and Methods: All patients who had received APT by the same experienced
periodontist, 10 years before beginning the research, were recruited until 100 patients
were re-examined. Examinations included, at the patient level: test for interleukin-1
polymorphism, compliance to supportive periodontal therapy (SPT), mean plaque
scores during SPT; at the tooth level: assessment of baseline bone loss (type, amount),
tooth type, furcation status and abutment status. Logistic multilevel regression was
performed for statistical analysis.

Results: Hundred patients with 2301 teeth at the baseline (completion of APT)
were retrospectively examined. One hundred fifty-five teeth were lost over 10 years
after APT. Logistic multilevel regression identified high plaque scores, irregular
attendance of SPT and age as patient-related factors significantly accounting for
tooth loss. Tooth-related factors significantly contributing to tooth loss were
baseline bone loss, furcation involvement and use as an abutment tooth. However,
in patients with regular SPT, 93% of teeth with 60–80% bone loss at the baseline,
survived 10 years.

Conclusion: The following tooth-related risk factors for tooth loss were identified:
baseline bone loss, furcation involvement, and use as an abutment tooth.
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Attachment loss and tooth loss are quite
rare occurrences in patients under sup-
portive periodontal therapy (SPT). How-
ever, progression of periodontitis is not
distributed evenly among patients, but
accumulates in distinct risk patients
(Hirschfeld & Wasserman 1978, McFall
1982, Goldman et al. 1986, Wood et al.
1989). Some factors characterizing
periodontal at risk patients are already
known: e.g. smoking (McGuire & Nunn

1996, Fardal et al. 2004, Chambrone &
Chambrone 2006, Dannewitz et al.
2006, Leung et al. 2006, Eickholz et
al. 2007), irregular SPT (Checchi et al.
2002, Eickholz et al. 2007), diabetes
mellitus (Faggion et al. 2007). The
influence of the polymorphism in the
interleukin (IL)-1a (� 889) and IL-1b
(13953) gene clusters is still controver-
sial (Ehmke et al. 1999, McGuire &
Nunn 1999, Laine et al. 2001, Eickholz
et al. 2007, Huynh-Ba et al. 2007).
Patient-related factors have to be con-
sidered for scheduling the SPT intervals.
However, models trying to define tooth
loss exclusively through patient-related
parameters only partially explain the
variation of this parameter. Tooth-
related parameters are important in
treatment planning of individual teeth
(Persson 2005). A number of tooth-

related factors have also been shown to
influence tooth loss: periodontal bone
loss (McGuire & Nunn 1996, Dannewitz
et al. 2006, Faggion et al. 2007), tooth
mobility (McGuire & Nunn 1996,
Faggion et al. 2007), furcation involve-
ment (McGuire & Nunn 1996, Danne-
witz et al. 2006), depth of the infrabony
component, tooth type (Muzzi et al.
2006), and tooth vitality (Faggion et al.
2007). Further parameters may be prob-
able influencing factors: type of bone
loss (vertical/horizontal), use as abut-
ment tooth, root grooves. However,
when analysing tooth-related factors
patient-related factors have to be con-
sidered also.

The aim of this study was to assess
tooth-related factors contributing to
tooth loss in the 10 years following
initiation of anti-infective therapy.
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Material and Methods

Patients

All patients who fulfilled the following
criteria:

� periodontal treatment (anti-infective
therapy with subgingival debride-
ment under local anaesthesia and
periodontal surgery if required) at
the Section of Periodontology at the
Department of Conservative Dentis-
try, Clinic for Oral, Dental, and
Maxillofacial Diseases at the Uni-
versity Hospital Heidelberg begin-
ning in October 1992 by the same
trained periodontal specialist (P. E.).

� X-ray status obtained before perio-
dontal treatment

were consecutively recruited 10
years � 6 months after initiation of ther-
apy (first appointment of periodontal
treatment) for this study until 100 qua-
lifying patients had been included. The
study was approved by the Institutional
Review Board for Human Studies of the
Medical Faculty of Heidelberg Univer-
sity (Application# 331/2002). All parti-
cipating patients were informed about
possible risks and benefits as well as the
procedures of the study and all gave
written informed consent.

Clinical examinations

The re-examinations performed by an
independent examiner (B. P.) have been
reported in detail in a companion paper
(Eickholz et al. 2007). Thus, only a brief
description of the clinical examinations
is provided: gingival bleeding index
(GBI; Ainamo & Bay 1975) and plaque
control record (PCR; O’Leary et al.
1972) were scored and probing pocket
depths (PPD) and vertical attachment
levels (PAL-V) were assessed to the
nearest 1 mm using a manual perio-
dontal probe (PCPUNC 15; Hu Friedy,
Chicago, IL, USA) in six sites per tooth.
Bleeding (BOP) and suppuration (SUP)
were recorded 30 s after probing. In
multirooted teeth furcation involvement
(Hamp et al. 1975) was assessed using a
Nabers probe marked in 3 mm steps
(PQ2N; Hu Friedy). All patients were
tested for IL-1 polymorphism (IL-1A
� 889, IL-1B 13953). Retrospectively,
each patient was assigned a baseline
diagnosis (e.g. generalized moderate
chronic periodontitis) according to the
actual classification of periodontal dis-
eases (Armitage 1999).

Evaluation of radiographs

Before active periodontal treatment (sub-
gingival debridement and periodontal
surgery if required) complete sets of
periapical radiographs of each patient
(Ultraspeed; Kodac, Rochester, NY,
USA) were obtained in XCP format using
film holders (XCP, Kentzler & Kaschner
Dental, Ellwangen/Jagst, Germany).
Dental films of intraoral size 0 (maxillary
canines and mandibular anteriors) and
two (all other regions) were exposed to
an X-ray source (Heliodent 70s, 70 kV,
7 mA, Sirona, Bensheim, Germany) and
developed under standardized conditions
(Periomats, Dürr Dental, Bietigheim-
Bissingen, Germany).

All radiographs were viewed in a
darkened room using a radiograph
screen (67–0420, Dentsply Rinn, Elgin,
IL, USA). Relative percentage bone loss
was assessed at the most periodontally
affected site of each tooth using a Schei
ruler (Schei et al. 1959). Teeth were
assigned (i) to one of five groups of
periodontal bone loss (o20%, 20% to
o40%, 40% to o60%, 60% to o80%,
80% and more) (Kim et al. 2007) and
(ii) according to periodontal bone loss
(o50%, 50–75%, 475%) in conjunc-
tion with furcation involvement to one
of three groups for the assessment of
tooth-related prognosis (hopeless, ques-
tionable, good) (Checchi et al. 2002).

Furthermore, at the interproximal site
with the most severe bone loss of each
tooth, the type of bone loss was char-
acterized as horizontal or vertical
(infrabony defect). At each infrabony
defect the depth of the infrabony com-
ponent was measured to the next 0.1 mm
using a loupe with 10-fold magnification
(scale loupe � 10, Peak, Tohkai San-
gyo, Tokyo, Japan) (Eickholz et al.
1996). Each infrabony defect was allo-
cated to one of three groups: shallow
(2 mm), moderate (2.5–4 mm), and deep
(X4.5 mm) defects (Papapanou &
Wennström 1991). For each tooth it
was assessed whether a double contour
of the root could be detected. A double
contour was interpreted as indicator for
a mesial or distal root groove.

According to the clinical and radio-
graphic findings each tooth was
assigned to one of three prognostic
groups (Checchi et al. 2002).

� hopeless: bone loss 475% or teeth
that had at least two characteristics
of the ‘‘questionable’’ category;

� questionable: bone loss between
50% and 75% or the presence
of an angular defect (infrabony com-
ponent 42 mm) or furcation
involvement;

� good: bone loss o50% or not fitting
one of the two previous categories.

Radiographic assessments were per-
formed by an independent examiner
blinded for clinical measurements and
therapy rendered (J. K.).

Evaluation of patients’ charts

For each patient, it was documented
whether he or she had attended SPT at
the Section of Periodontology at the
University Hospital Heidelberg regu-
larly complying with the intervals that
had been recommended. If a patient had
extended the recommended SPT interval
at least once by more than 100% he or
she was assigned to the irregular SPT
group (e.g. the recommended SPT inter-
val was 6 months and the patient
returned for SPT after 13 months)
(Eickholz et al. 2007).

The following tooth-related para-
meters were assessed from the patients’
charts as well:

� Jaw: maxilla or mandible.
� Tooth type: anterior, premolar,

molar.
� Furcation involvement: Teeth were

distinguished by single-rooted teeth
(0) and multi-rooted teeth without
(1) or with (2) baseline furcation
involvement, respectively. Not all
patients’ charts provided baseline
information on different degrees of
furcation involvement (Hamp et al.
1975). Thus, analysis considering
different degrees of furcation invol-
vement could not be performed.

� Abutment tooth: Each tooth was
classified according to a base-
line status as: no abutment tooth
(0), abutment tooth for fixed (1),
or removable (2) prosthodontic
constructions.

SPT

SPT encompassed the following ele-
ments for all patients at each appoint-
ment: Assessment of GBI and PCR as
amount of positive (bleeding for GBI,
plaque for PCR) in percentages of all
assessed sites, re-instruction and
re-motivation to effective individual
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plaque control, professional tooth clean-
ing with hand instruments and polishing
of all teeth using rubber cups and pol-
ishing paste, application of a fluoride
gel. Twice a year a dental status and
PPD were obtained for four sites
per tooth. Thirty seconds after probing
BOP was recorded. Sites exhibiting
PPD 5 4 mm and BOP as well as sites
with PPDX5 mm were scaled subgin-
givally. If a patient exhibited more than
five to six sites that ought to be debrided
subgingivally, repeated anti-infective
therapy was recommended. From 1992
to 1999 assignment of SPT intervals was
not performed according to strict criter-
ia. SPT was provided to most patients at
3-month intervals during the first year of
SPT and later on 6-month intervals.
Patients exhibiting ineffective plaque
control (PCR435%) or with aggressive
periodontitis (at that time juvenile and
rapidly progressive periodontitis) were
seen four times a year for SPT (3-month
intervals). However, the intervals were
not fixed. A patient after treatment of
aggressive periodontitis with effective
plaque control and without residual
pockets was seen only two times a
year. From October 1999 the assignment
of SPT intervals was performed accord-
ing to the periodontal risk assessment
(PRA) (Ramseier & Lang 1999, Lang &
Tonetti 2003, Eickholz et al. 2007).

Statistical analysis

The patient was looked upon as the
statistical unit and tooth loss after APT
was defined as the main outcome vari-
able. Statistical analysis was performed
using different computer programs:
Data entry and descriptive statistics
(Systatt for Windows Version 10,
Systat Inc. Evanston, USA). Logistic
multilevel analysis was modelled by an
independent statistician (P. R.) using
another program (SASs version 6.12,
SAS Institute, Cary, NC, USA).

A logistic multilevel regression was
modeled to explain the variation of the
binomial dependent variable tooth loss.
For all analyses the basic level ‘‘tooth’’
was nested into the upper level
‘‘patient’’. All patient effects were
assumed to be random (Goldstein
1995). The following independent
patient-related variables were entered
into the model sex, age, IL-1 poly-
morphism, diagnosis, smoking, regular
SPT participation (yes/no); tooth-related
variables: relative amount of interprox-
imal bone loss, type of bone loss (hor-

izontal/vertical), in case of vertical bone
loss depth of infrabony component,
tooth type (anterior, pre-molar, molar),
jaw (maxilla/mandible), furcation invol-
vement (single-rooted tooth, multi-
rooted tooth without or with furcation
involvement), abutment tooth (no/fixed
or removable prosthesis). The amount of
interproximal bone loss relative to root
length was recorded in five different
categories (1, o20%; 2, X20% to
o40%; 3, X40% to o60%; 4, X60%
to o80%; 5, X80%). Third molars
were excluded from the analysis.

Results

Patients

A total of 145 patients were invited to
participate in the study according to
the schedule of therapy initiation
10 years � 6 months before beginning
of the research. Forty-two of these
patients were not able or not willing to
be re-examined. Therefore the respon-
dent rate was 71%. Three further
patients had to be excluded during ana-
lysis due to incomplete data (Eickholz

et al. 2007). Thus, a total of 100 patients
contributing 2301 teeth at the end of
active periodontal treatment were
included into the analysis. Table 1 gives
mean age and gender distribution of the
sample. Further demographic data are
given in the companion paper on
patient-related factors (Eickholz et al.
2007). A total of 155 teeth were lost
after APT: 29 in the regular SPT group
and 126 in the irregular SPT group.
Most teeth in the total sample had a
baseline interproximal bone loss
between 20% and o40%. Most severe
bone loss (X80%) was observed only in
a total of 52 teeth. More than half of all
teeth were single rooted. Three hundred
and ninety of the 699 multi-rooted teeth
exhibited furcation involvement of any
kind. The majority of teeth were not
used as an abutment tooth for any kind
of prostheses. Two hundred thirty-two
teeth were abutment teeth for fixed and
67 for removable reconstructions. About
80% of all teeth had a good baseline
prognosis, 385 a questionable, and 122 a
hopeless prognosis (Checchi et al. 2002)
(Table 1). Forty-four of all patients were
assigned to SPT at 3-month intervals

Table 1. Patient and tooth characteristics: distribution of teeth according to bone loss, tooth type,
furcation involvement, use as abutment tooth, and prognosis

Total Non-compliant with SPT Compliant with SPT

Patients N 5 100 N 5 47 N 5 53
Sex (female) 59 30 29
Age (years) 46.5 � 10.3 45.3 � 10.2 47.6 � 10.3
Initial diagnosis

Moderate ChP 30 14 16
Severe ChP/AgP 60/10 28/5 32/5
Teeth N 5 2301 N 5 1056 N 5 1245

Periodontal bone loss
o20% 661 284 377
20%/o40% 964 446 518
40%/o60% 482 224 258
60%/o80% 142 68 74
X80% 52 34 18

Tooth type
Anterior 1094 500 594
Pre-molar 657 307 350
Molar 550 249 301

Furcation involvement (FI)
Single-rooted teeth 1602 740 862
Multi-rooted teeth

Without FI 309 137 172
With FI 390 179 211

Abutment tooth
No abutment tooth 2002 904 1098
Fixed 232 113 119
Removable 67 39 28

Prognosis
Good 1794 810 984
Questionable 385 175 210
Hopeless 122 71 51

SPT, supportive periodontal therapy.
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during the first year after APT and later
on 6-month intervals. Twenty-one
patients were assigned to 3 months and
35 patients were scheduled for 6-month
intervals for the majority appointments.

Tooth loss

Logistic multilevel regression analysis
identified the following factors to influ-
ence tooth loss: at patient level: irregu-
lar participation in SPT (p 5 0.0002),
mean PCR during SPT (p 5 0.0006),
age (p 5 0.0001); at tooth level: baseline
interproximal bone loss (po0.0001),
furcation involvement (po0.0001), and
abutment tooth (p 5 0.005) (Table 2).
Regular participation in SPT prevented
tooth loss with an odds ratio of 4.57.
Individual plaque control assessed as
mean PCR during SPT correlated with
tooth loss. The risk for tooth loss
increased with an odds ratio of 1.79

for each additional 10% increase in the
plaque score. The amount of baseline
bone loss, furcation involvement, and
use as an abutment tooth were asso-
ciated with a higher risk for tooth loss.
The total and relative tooth loss for the
entire sample as well as for the regular
and irregular SPT group separately are
given in Table 3 (bone loss), Table 4
(furcation involvement), Table 5 (abut-
ment tooth), and Table 6 (prognosis).
Additional putative tooth-related risk
factors for tooth loss as type of bone
loss (horizontal or vertical) or presence
of mesial or distal root grooves (radio-
graphic double contour of the root)
failed to reach statistical significance
in the logistic multilevel regression
model.

Table 2. Logistic multilevel regression analysis: tooth loss during supportive periodontal therapy
(SPT) related to retrospective factors

Estimate p t-value Odds ratio

Intercept � 14.0305 o0.0001 � 8.35
Irregular SPT 1.5204 0.0002 3.77 4.57
Smoking 0.8678 0.0628 1.86 2.38
Mean PCR 0.5835 0.0006 3.43 1.79
Age 0.0851 0.0001 3.88 1.09
Diagnosis (severe ChP/AgP) 0.6865 0.1307 1.51 1.99
Sex (female) 0.5467 0.1571 1.42 1.72
Interleukin-1 polymorphism 0.5376 0.1527 1.43 1.71
Bone loss 0.8748 o0.0001 7.47 2.40
Furcation involvement 0.7479 o0.0001 5.98 2.11
Abutment tooth 0.5525 0.0050 2.81 1.74

Dependent variable: tooth loss; n 5 100 patients/2301 teeth.

PCR, plaque control record; SPT, supportive periodontal therapy.

Table 3. Tooth loss over 10 years after active periodontal treatment in relation to baseline
periodontal bone loss: (a) total, (b) regular, and (c) irregular supportive periodontal therapy (SPT)

Baseline bone loss in % of root length

Total o20% X20% to o40% X40% to o60% X60% to o80% X80%

(a) Total
N 2301 661 964 482 142 52
Loss n 155 21 43 45 28 18
Loss % 7 3 4 9 20 35

(b) Regular SPT
N 1245 377 518 258 74 18
Loss n 29 5 9 6 5 4
Loss % 2 1 2 2 7 22

(c) Irregular SPT
N 1056 284 446 224 68 34
Loss n 126 16 34 39 23 14
Loss % 12 6 8 17 34 41

Table 4. Tooth loss over 10 years after active
periodontal treatment in relation to baseline
furcation involvement: (a) total, (b) regular,
and (c) irregular supportive periodontal
therapy (SPT)

Total Single-
rooted
teeth

Multi-rooted
teeth

without with

furcation
involvement

(a) Total
N 2301 1602 309 390
Loss n 155 74 30 51
Loss % 7 5 10 13

(b) Regular SPT
N 1245 862 172 211
Loss n 29 7 6 16
Loss % 2 1 3 8

(c) Irregular SPT
N 1056 740 137 179
Loss n 126 67 24 35
Loss % 12 9 18 20

Table 5. Tooth loss over 10 years after active
periodontal treatment in relation to baseline
status as abutment tooth: (a) total, (b) regular,
and (c) irregular supportive periodontal
therapy (SPT)

Total No
abutment

tooth

Abutment tooth

fixed removable

prosthesis

(a) Total
N 2301 2002 232 67
Loss n 155 115 28 12
Loss % 7 6 12 18

(b) Regular SPT
N 1245 1098 119 28
Loss n 29 18 10 1
Loss % 2 2 8 4

(c) Irregular SPT
N 1056 904 113 39
Loss n 126 97 18 11
Loss % 12 11 16 28

Table 6. Tooth loss over 10 years after active
periodontal treatment in relation to baseline
single tooth prognosis (Checchi et al. 2002):
(a) total, (b) with, and (c) without regular
supportive periodontal therapy (SPT)

Total Good Questionable Hopeless

(a) Total
N 2301 1794 385 122
Loss n 155 77 43 35
Loss % 7 4 11 29

(b) Regular SPT
N 1245 984 210 51
Loss n 29 16 6 7
Loss % 2 2 3 14

(c) Irregular SPT
N 1056 810 175 71
Loss n 126 61 37 28
Loss % 12 8 21 39
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Although patient charts were
searched and all participants of this
study were asked, the causes of extrac-
tions could only partly be revealed in
particular for teeth that had been
removed alio loco.

Discussion

Patients

All patients for whom the senior author
(P. E.) had initiated periodontal treatment
systematically 10 years � 6 months
before this research, were consecutively
invited for a re-examination. Not only
those patients were invited who still were
under regular treatment at the Section of
Periodontology, but also patients who
had quit treatment there due to various
reasons (e.g. moving away, continuation
of therapy at other dentists). Earlier retro-
spective studies re-examined only
patients that still were under frequent
therapy at the study site or they gave
no information on the respondent rate
(Hirschfeld & Wasserman 1978, McFall
1982, Goldman et al. 1986, Wood et al.
1989, Checchi et al. 2002, Fardal et al.
2004, Chambrone & Chambrone 2006,
Muzzi et al. 2006). Most retrospective
analyses report that patients had attended
SPT throughout the whole period before
re-examination (Hirschfeld & Wasser-
man 1978, McFall 1982, Goldman
et al. 1986, Wood et al. 1989, Fardal
et al. 2004, Chambrone & Chambrone
2006, Muzzi et al. 2006, Faggion et al.
2007, Carnevale et al. 2007a, b).

Tooth loss

Patient-related risk factors for tooth loss
were analysed in a companion paper and
identified plaque scores during SPT,
irregular attendance of SPT, IL-1 poly-
morphism, age, initial diagnosis, smok-
ing, and sex (Eickholz et al. 2007).
Thus, these seven patient-related factors
were also entered into this tooth-related
analysis. After entering tooth-related
factors into a logistic multilevel regres-
sion model IL-1 polymorphism, initial
diagnosis, smoking, and sex failed to
turn out as significant risk factors for
tooth loss. If IL-1 polymorphism, initial
diagnosis, smoking, and sex increase the
risk for periodontitis (McGuire & Nunn
1999, Eickholz et al. 2007), patients
carrying these factors are likely to exhi-
bit more bone loss and furcation invol-
vement. Consideration of bone loss and
furcation involvement on a tooth level

may have obscured the effect of the
patient-related factors. Applying multi-
level modelling and entering bone loss
and tooth type into analysis, IL-1 poly-
morphism was not kept in the model by
other authors either (Muzzi et al. 2006).

It is plausible that already existing
severe bone loss before therapy is asso-
ciated with a high risk for tooth loss
caused by further attachment loss. This
relation has been shown by other
authors before (Papapanou et al. 1989,
McGuire & Nunn 1996, Dannewitz
et al. 2006, Muzzi et al. 2006, Faggion
et al. 2007). However, even in patients
with already existing severe bone loss
SPT plays a significant role: in patients
attending SPT regularly 78% of teeth
exhibiting baseline relative bone loss
X80% survived 10 years. In patients
with irregular SPT only 59% of those
teeth survived 10 years. In the regular
SPT group 93% of teeth with baseline
bone loss from 60% to 80% of root
length survived 10 years. This number
easily matches with success rates of
intraosseous implants in periodontally
compromised patients (Karoussis et al.
2007).

The effect of furcation involvement
on survival rates of teeth has been
reported before (Hirschfeld & Wasser-
man 1978, McGuire & Nunn 1996). In
this study furcation involvement was not
subdivided into different degrees (e.g.
Hamp et al. 1975). In the years 1992–
1994 differentiated furcation involve-
ments were not recorded consistently.
For some teeth it was just documented
that the furcation could be probed with a
Nabers probe, others had already been
assigned to one of 4 degrees (Hamp
et al. 1975). For this analysis we could
only distinguish between furcation
involvement or not. Our results confirm
the observation that furcation involved
teeth have a worse prognosis (13% tooth
loss) than single rooted teeth (5%) or
multirooted teeth without furcation
involvement (10%). Another analysis
on survival of molar teeth including
only molars with baseline assignment
to different degrees of furcation invol-
vement failed to identify furcation
involvement in general as a risk factor
for tooth loss, but reported furcation
degree III (through-and-through) to be
associated with significantly increased
rates of tooth loss (Dannewitz et al.
2006). Other authors reported similar
survival rates (approximately 90%) for
class I furcated molars and molars with-
out furcation involvement. However,

after 12 years of SPT 25% of molars
with class II furcation involvement were
lost and 39% of through-and-through
furcation molars (McGuire & Nunn
1996).

The variable tooth type (anterior, pre-
molar, molar) which had been entered
into the logistic multilevel regression,
failed to statistically significantly influ-
ence tooth loss. At first this contradicts
observations of another working group
that had reported increased risk of tooth
loss in molars compared with other
tooth types (Muzzi et al. 2006). How-
ever, they did not consider furcation
involvement. Faggion et al. (2007)
reported worse prognosis for multi-
rooted than for single-rooted teeth.
Although they also did not consider
furcation involvement (Faggion et al.
2007). The present analysis confirmed
the worse prognosis of multi-rooted
teeth even without furcation involve-
ment compared with single-rooted teeth.
However, furcation involvement further
increased the risk for tooth loss of multi-
rooted teeth (Table 4). Thus, it may be
concluded that not molars but multi-
rooted teeth (first maxillary premolars
as well) have an increased risk for loss
and that furcation involvement is
another important aspect (McGuire &
Nunn 1996, Dannewitz et al. 2006).

Interestingly, teeth that had been
included into fixed or removable den-
tures before periodontal therapy exhib-
ited higher rates of tooth loss than teeth
that were not used as abutments. Remo-
vable reconstructions had an even worse
effect than fixed bridgework. The rate of
tooth loss over 10 years in fixed bridge-
work is doubled in relation to teeth that
are not used as abutments (no abutment:
6%; abutment in fixed construction:
12%) and further increased in remova-
ble dentures (18%). Lulic et al. (2007)
estimated a 5% loss of abutment teeth of
cross-arch fixed bridgework 10 years
after insertion in a severely perio-
dontally compromised but frequently
maintained (X1 SPT per year) sample
reported by Yi et al. (1995) and Lulic
et al. (2007). This study reports 8% loss
of abutment teeth of fixed bridgework
after 10 years in the regular SPT group.
The rate of SPT in the regular SPT
group of this study and in the Yi et al.
(1995) study is rather comparable. Teeth
used as abutments are often harder to
clean for the patient and thus carry the
risk for reinfection and progression of
disease. Finally preparation of a tooth to
be used as an abutment increases the
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risk of endodontic complications (Good-
acre et al. 2003, Lulic et al. 2007) that
may also lead to tooth loss.

It is well known that particularly
removable dentures deteriorate the
periodontal conditions of abutment teeth
(Knezović Zlatarić et al. 2002). The rate
of tooth loss for abutment teeth
observed in this study confirms survival
rates for abutment teeth of telescopic
dentures (Mock et al. 2005). These
observations should be particularly con-
sidered before the extraction of putative
hopeless teeth (Checchi et al. 2002)
because such extractions may create
the need for prosthetic treatment. Some
of these ‘‘hopeless’’ teeth may have had
a better prognosis than those teeth that
are required and used as abutments after
extraction. This observation confirms
and underlines the significance of the
concept of shortened arches as a tool to
avoid prosthetic treatment (Witter et al.
1999).

Muzzi et al. (2006) had also consid-
ered restorations as parameter to explain
tooth loss. However, the parameter was
not kept in the regression model as
significant factor. How can this differ-
ence be explained? Muzzi et al. have
taken into account all restored teeth, i.e.
single crowns as well as abutments for
fixed and removable dentures. In this
analysis, we used the parameter abut-
ment and not just restoration to distin-
guish risk for tooth loss.

Other analyses have included the
parameters of tooth vitality and mobi-
lity, however, did not account for
restoration or abutment. Tooth vitality
and mobility were observed as signifi-
cant predictors for tooth loss: non-vital
and severely mobile teeth (degree 3)
exhibited a higher rate of tooth loss
than vital or firm teeth (degree 0)
(Faggion et al. 2007). Other authors
have included tooth mobility as a
tooth-related factor into their analysis
(degree 0–3) and failed to observe a
significant effect (Muzzi et al. 2006).
These discrepant observations may be
explained by the fact that dichotomisa-
tion to the extreme values degrees 0 and
3 (Faggion et al. 2007) creates a stronger
effect of the factor tooth mobility than
inclusion of all 4 degrees (0–3) (Muzzi
et al. 2006). Another explanation could
be the use of different classifications.
The present analysis did not consider
mobility because the classification of
mobility used at the time of baseline
examination did not allow precise and
reliable distinctions (degree 0: physio-

logical mobility; I: palpable mobility; II:
visible mobility; III: teeth mobile due to
pressure of tongue or lip or axial mobi-
lity). Use of tooth vitality to explain
tooth loss is a problem if the differences
between properly root canal filled teeth,
pulp necrosis or periapical lesions are
not taken into account. The different
diagnoses that may cause a negative
response to vitality testing have quite a
different prognostic significance.
Instead of dichotomising (vital/non-
vital), more than two categories may
have been more appropriate (e.g. vital/
root canal treated/pulp necrosis and
periapical lesion) to explain tooth loss.

Furthermore, tooth-related risk fac-
tors as the type of bone loss (horizontal
or vertical) or presence of mesial or
distal root grooves (radiographic double
silhouette) were not kept in the logistic
regression model as statistically signifi-
cant factors. Of particular interest is the
observation that not the type of bone
loss (horizontal or vertical), but bone
loss relative to total root length is the
significant factor for tooth loss. This
contradicts observations made by other
authors: in 201 patients, full sets of
periapical radiographs were obtained in
a time interval of 10 years. For horizon-
tal bone loss a rate of tooth loss of 13%
was reported. In infrabony defects
(vertical bone loss) depending on the
depths of the infrabony component a
tooth loss rate of 22%, 46%, and 68%,
respectively, was found (Papapanou &
Wennström 1991). That study analysed
a sample double the size of the sample
of this study and has a better test power.
Papapanou & Wennström (1991) gener-
ally report significantly more tooth loss
(13–68%). This may be plausibly
explained by the fact that the Papapanou
& Wennström sample was not treated
periodontally. Patients in the present
study had all been treated systematically
anti-infectively and surgically if it was
required. Fifty-three of these patients
attended SPT regularly over the com-
plete observation period. It may be
speculated that baseline vertical defects
in periodontally treated patients do not
have significant influence on future
tooth loss. On the contrary in another
sample, the baseline depth of infrabony
defects correlated inversely to tooth
loss, i.e. the deeper the infrabony com-
ponent at baseline the smaller the risk
for tooth loss (Muzzi et al. 2006). The
authors try to explain this observation
with the fact that deep infrabony pockets
respond very well to regenerative ther-

apy. It may be speculated that many
infrabony defects had been treated using
regenerative techniques in that sample
and that this therapy resulted in bony fill
of the defects. To clearly judge this
effect, regenerative periodontal treat-
ment as a tooth-related factor should
have been included in the multilevel
regression model.

Although patient charts were
searched and all participants of this
study were asked, the causes of extrac-
tions could not be revealed in particular
for teeth that had been removed alio
loco. This is a potential problem of
studies including patients who have
quit regular SPT. The information on
the influence of regular/irregular SPT is
gained. However, it becomes more dif-
ficult and sometimes impossible to col-
lect information on reasons of
extraction. Carnevale et al. (2007b)
who reported on a frequent SPT sample
saw root fractures as the most frequent
reason for extraction followed by perio-
dontal reasons (Carnevale et al. 2007b).

Prognosis

Already Hirschfeld & Wasserman
(1978) had attempted to assign a prog-
nosis to teeth in advance. They distin-
guished between favorable and
questionable prognosis. A questionable
prognosis was assigned to a tooth if it
showed one or more of the following
criteria: (i) furcation involvement, (ii)
deep non-eradicable pocket, (iii) exten-
sive alveolar bone loss, (iv) marked
mobility in conjunction with pocket
depth (2 or 2.5 on a scale of 3)
(Hirschfeld & Wasserman 1978, McFall
1982). These criteria are not defined
accurately and leave a large latitude of
judgement. The rate of tooth loss of such
questionable teeth without furcation
involvement was 30%. However, the
rate of tooth loss varied from 12% in
the well-maintained subgroup, over
55% in the downhill, to 92% in the
extreme downhill subgroup (Hirschfeld
& Wasserman 1978). Hirschfeld &
Wasserman considered only tooth
related factors for their prognosis.
Patient-related factors such as sex, age
or smoking were not incorporated. How-
ever, evidently patient-related or other
tooth-related factors played an impor-
tant role for tooth loss (Hirschfeld &
Wasserman 1978).

Interestingly single tooth prognosis
according to Checchi et al. (2002) was
not reliable in the investigated sample.
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Bone loss in percent relative to root
length is a strong predictor for loss of
single teeth. Single tooth prognosis
according to Checchi et al. (2002) con-
siders relative bone loss. However, the
Checchi prognosis system does not take
into account further factors that have
been identified in this study (Checchi et
al. 2002). The patient-related factor of
regular participation in SPT is of para-
mount significance: only 14% of the
teeth that were judged as ‘‘hopeless’’
due to baseline parameters were actually
lost in the regular SPT group, i.e. 86%
of ‘‘hopeless’’ teeth survived 10 years.
In the irregular SPT group actually 39%
of ‘‘hopeless’’ teeth were lost. Even that
rate of tooth loss over a period of
10 years does not fit into the real mean-
ing of the word ‘‘hopeless’’. Furcation
involvement and use as an abutment
also increase the risk for tooth loss.
Use as an abutment deteriorates the
prognosis of a single tooth in addition
to bone loss. In this context, abutment
teeth for removable prostheses have a
worse prognosis than abutments for
fixed constructions.

Conclusions

� In patients after active periodontal
treatment, regular SPT and effective
plaque control are strong patient-
related factors to prevent tooth loss.

� The following tooth-related risk fac-
tors increase the risk for tooth loss:
baseline bone loss, furcation involve-
ment, and use as an abutment tooth.
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Clinical Relevance

Scientific rationale for the study:
Long-term retention of teeth in func-
tion is the ultimate goal of perio-
dontal therapy. Tooth loss may be
determined by patient- and tooth-

related factors. This study aimed to
identify tooth-related factors.
Principal findings: Baseline bone
loss, furcation involvement, and use
as an abutment tooth contribute to
the risk of tooth loss.

Practical implications: Even
accounting for tooth-related factors
regular supportive periodontal ther-
apy and effective plaque control are
the most valid tools to prevent tooth
loss.
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