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Abstract

Aim: The purpose of this editorial was to discuss a definition of success after peri-
odontal therapy based on the retention of natural dentition.

Materials and Methods: Based on topic and relevance, references were collected
and then divided into four categories: (a) the influence of available therapeutic tech-
niques on the definition of hopeless teeth, (b) the long-term rate of tooth loss during
supportive periodontal therapy, (c) the duration of time that the treatment outcomes
may be considered stable and (d) patients’ perception and satisfaction of periodontal
therapy.

Results: Periodontal therapy can change the prognosis of hopeless teeth, making
them maintainable in the long term. The rate of tooth loss can be minimized in a way
that a period of 10 years or more is needed to evaluate further periodontal break-
down. In addition, patients’ perception and satisfaction of the treatment should be
considered as the main therapeutic endpoints of the provided periodontal therapy.
Conclusions: Definition of success is linked to the available therapeutic tools. Due to
the recent advancement of treatment modalities, periodontally hopeless teeth can
now be treated and maintained for a long period of time with health, function and

patient satisfaction.
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many severely compromised teeth were considered hopeless and
thereafter extracted (Chambrone & Armitage, 2016).
Over the years, periodontal treatment has evolved and the abil-

Defining success in the medical field is a subtle objective, dynamic
in nature and often based on criteria used to determine a positive
outcome. As reported in the 2017 World Workshop, pristine clini-
cal health, characterized by no attachment loss, is an impossible
treatment outcome for diseased dentition (Lang & Bartold, 2018).
However, current therapeutic approaches allow for improvements
never seen before. Reduction of the probing pocket depths and num-
bers of deep pockets are the two most commonly used criteria to
define periodontal treatment success (Becker, Becker, & Berg, 1984;
Matuliene et al., 2008). Pocket depth of <5 mm was proposed as one
of the requirements for long-term periodontal stability (Matuliene et

al., 2008), influencing most early periodontal treatments. As a result,

ity to maintain natural dentition has slowly become a higher priority
than the complete resolution of disease itself. Implants represent an
adequate treatment for rehabilitation of edentulous ridges but are
not an absolute substitution of periodontally compromised teeth
(Greenwell, Wang, Kornman, & Tonetti, 2018). In addition, the future
definition of success in periodontology could be changed under a
new approach in precision medicine in which genome, environment
and lifestyle of each individual are taken into consideration (Bartold,
2018).

Despite improved understanding of biological processes and

the available techniques, the daily clinical decision-making process
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takes into consideration classical concepts such as using strategic
extractions to achieve mean probing depth (PD) reduction in se-
vere periodontal disease cases (Kaldahl, Kalkwarf, Patil, Molvar, &
Dyer, 1996). Interestingly, the definition of hopeless teeth has never
evolved from the classical points based on the severity of disease
presentation (Becker, Becker, et al., 1984; McGuire, 1991; McGuire &
Nunn, 1996). Key topics that deserve further attention are whether
hopeless teeth can be predictably treated and maintained in the long
term, and patient perspective of periodontal treatment.

Therefore, the aim of this editorial is to discuss the link between
improvements in treatment efficacy and a definition of therapeutic
success based on: (a) a revised limit between treatable and untreat-
able periodontal conditions, (b) a reduced rate of tooth loss in the
long term, (c) the duration of time that could be objectively consid-
ered as long-term follow-up and (d) the role of patients’ satisfaction

of treatment and perceived quality of life.

2 | PERIODONTAL HOPELESS TEETH,
THE LIMIT BETWEEN TREATABLE AND
UNTREATABLE CONDITIONS

Different models have been described to establish the clinical lim-
its between treatable and untreatable conditions. Severe bone
loss, deep PDs, furcation involvement, tooth mobility, unfavourable
crown-root ratio, root proximity or presence of abscess have been
used to categorize teeth as hopeless (Becker, Becker, et al., 1984;
McGuire & Nunn, 1996). Despite extraction being proposed as the
treatment of choice, 77% of non-extracted hopeless teeth were re-
tained after a mean period of 5.25 years (Becker, Becker, et al., 1984)
without loss of attachment of the adjacent sites (Machtei & Hirsch,
2007), and lower probability of tooth loss was reported for greater
intrabony components (Muzzi et al., 2006). Regeneration, especially
when combined with advancements in flap design, represented a
landmark improvement towards preservation of natural dentition.
A 5-year randomized clinical trial (RCT) (Cortellini, Stalpers, Mollo,
& Tonetti, 2011) allocated 50 hopeless teeth with bone level at or
beyond the apex to receive regenerative treatment or extraction
with prosthetic replacement. Twenty-three out of 25 hopeless teeth
treated with regeneration (92%) were successfully maintained after
5 years with a PD reduction of 8.8 mm and a mean clinical attach-
ment level (CAL) gain of 7.7 mm. As stated by Cortellini and Tonetti:
“The potential for periodontal regeneration can be expressed in
defects from very shallow to very deep, up to extreme conditions
in which the application of regenerative therapy can change the
prognosis of a hopeless tooth into a maintainable unit” (Cortellini
& Tonetti, 2015). A recent 20-year RCT finally confirmed that teeth
with a mean of 10 mm of attachment loss can be predictably treated
and maintained with an overall survival rate of 95% and a subgroup
survival rate of 100% for the regenerated teeth (Cortellini, Buti, Pini
Prato, & Tonetti, 2017). The outstanding outcomes achieved with re-
generative techniques represent a call for tooth retention; however,
it is important to note that well-experienced care providers and a
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Clinical relevance

Scientific rationale for the study: Criteria of success have
not been universally agreed in periodontal literature. The
question of whether a severe periodontal diseased patient
can be successfully treated and maintained over decades
with perceived satisfaction remains to be determined.
Principal findings: Criteria defining success are in perpetual
evolution since they are influenced by technical innova-
tions that in turn allow for better outcomes.

Practical implications: Contemporary periodontology al-
lows for a great attempt to retain severely compromised

teeth with long-term satisfaction.

selected population under strict maintenance protocol were key ele-
ments to achieve the reported outcomes.

Tooth extraction should only be considered in cases of patient
discomfort, concern for patient's general health or documented loss
of attachment of adjacent teeth, and a successful treatment plan
should always evaluate the potential effectiveness of regeneration

therapy before opting for any extractions.

3 | LONG-TERM TOOTH RETENTION,
WHAT WOULD BE AN ACCEPTABLE RATE
OF TOOTH LOSS?

A 40-year follow-up of a caries-free population never exposed to oral
care defined the baseline tooth mortality due to untreated periodon-
titis as 0.33 teeth lost every year (t/y) per patient (Ramseier et al.,
2017). The beneficial effect of periodontal care was then reported,
with a mortality between 0.11 and 0.24 t/y after both surgery and
supportive therapy, and between 0.22 and 0.29 t/y in case of treat-
ment not followed by supportive care (Becker, Becker, et al., 1984;
Becker Berg, & Becker, 1979, 1984; Tonetti, Muller-Campanile, &
Lang, 1998). A systematic review part of the 2017 World Workshop
reported that annual tooth loss increases with advancing age and
does not differ when comparing geographic groups (Needleman et
al., 2018). In the same review, counting a pool of over 8,600 patients
without periodontal intervention, the mean rate of t/y was 0.2 with
no gender differences. Finally, a milestone article concluded that the
rate of tooth loss in a well-controlled Norwegian population (0.018
t/y) was five times lower than in a Sri Lankan population (0.1 t/y)
that was never exposed to periodontal care (Loe, Anerud, Boysen,
& Smith, 1978).

The rate of tooth loss has been reported in several classical lon-
gitudinal studies leaded by groups different from the Sri Lankan
one. The Michigan group reported a loss of 0.07 t/y over a 5-year
period (Hill et al., 1981; Ramfjord et al., 1987). Longitudinal studies
from Minnesota reported an annual tooth loss of 0.2 t/y the first

4 years and 0.17 t/y after 6.5 years from the same pool of patients
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(Pihlstrom, Oliphant, & McHugh, 1984; Pihlstrom, Ortiz-Campos,
& McHugh, 1981). A study from Nebraska reported a loss rate of
0.14 t/y per patient after 2 years and a rate of 0.11 t/y after 7 years
(Kaldahl, Kalkwarf, Patil, Dyer, & Bates, 1988; Kaldahl et al., 1996). A
rate of 0.13 t/y was then reported by Becker et al. (2001) in a mul-
ticentre study over 5 years. More recent studies documented mor-
tality between 0.05 and 0.1 t/y as a common endpoint. When only
flap for reattachment was used, the documented tooth loss during
supportive therapy was 0.1 t/y over 18 years (Graetz et al., 2017). A
loss of 0.08 t/y was reported over 10 years (Muzzi et al., 2006), and
an overall rate of loss of 0.06 t/y was noted in seven years (Nibali
et al., 2017). A total rate of tooth loss of 0.05 t/y was shown over
10 years (Chambrone & Chambrone, 2006). Additionally, a mortality
of 0.05 t/y has been confirmed in a 20-year follow-up (Martinez-
Canut, 2015). The existing variability in outcome could be attributed
to patient selection related to the practice setting, with a concentra-
tion of patients of higher economic status in private practices and
patients with low social economical status (higher periodontal sus-
ceptibility) in academic settings.

Evaluation of patients following a strict oral hygiene regimen
showed that total teeth retention could be achieved (Chambrone
& Chambrone, 2011). Fifty children with a history of periodontitis
among their parents followed a strict programme of plaque control
and, after 20 years, no teeth were lost for caries or periodontitis.
Later, in a 20-year landmark study of long-term success after regen-
eration with titanium reinforced expanded-polytetrafluoroethylene
(ePTFE) membranes and flap surgery, no tooth loss was documented
in the regenerative groups and a loss of 0.007 t/y was reported for
the flap group (Cortellini et al., 2017). As reported, outstanding re-
sults are possible for patients with excellent oral hygiene, confirm-
ing the aetiological role of plaque as a prerequisite for periodontitis
(Murakami, Mealey, Mariotti, & Chapple, 2018). In a pool of moti-
vated patients with systemic health and socio-economical support,

tooth mortality can be minimized to a ratio of less than 0.1 t/y.

4 | OBJECTIVE DEFINITION OF LONG
TERM, HOW LONG IS LONG TERM?

Terminologies like short and long term were usually arbitrary
(Hirschfeld & Wasserman, 1978; Kaldahl et al., 1996; Kwok & Caton,
2007; McFall, 1982). Hence, the concentration of periodontal
breakdown in a relatively defined range of time could be the best
parameter to provide an objective evaluation. Stability of PD reduc-
tion and CAL was documented in 5- and 7-year studies (Cortellini,
Paolo, Prato, & Tonetti, 1996; Kaldahl et al., 1996). However, a re-
cent 20-year RCT (Cortellini et al., 2017) comparing three different
approaches (modified papilla preservation technique with ePTFE
membrane, access flap with ePTFE membrane and flap alone) re-
ported that loss of teeth in the flap group occurred 11 and 15 years
after surgery. Flap surgery and regeneration were equally effective
in the short term; however, in a time frame longer than 10 years, at-
tachment loss and visits for re-intervention were significantly more

frequent for the flap than for the regenerative group (Cortellini et
al., 2017).

Due to the moderately young age of disease onset (22-28 years)
(Thorbert-Mros, Cassel, & Berglundh, 2017), the lifelong risk and the
higher incidence of disease recurrence after 10 years from treat-
ment, documentation of at least 10 years of follow-up is required to

be representative of a long-term successful outcome.

5 | SATISFACTION OF TREATMENT
AND QUALITY OF LIFE AS THE MAIN
ENDPOINTS

In a systematic review on oral health-related quality of life, Buset et
al. (2016) reported that patients’ well-being is greatly influenced by
the health of their oral cavity (Nieri et al., 2013). Satisfaction, func-
tion and aesthetic limitations are key features of the perceived state
of disease (Locker, 1988). Although patients’ beauty represents the
main desired outcome in aesthetic or cosmetic dentistry, disease
control is of greater importance when it comes to treating periodon-
titis and the patient's appearance (satisfaction) could worsen as a re-
sult (Agudio, Pini Prato, Nevins, Cortellini, & Ono, 1989). In this case,
a clear pre-therapeutic explanation of the reasons for periodontal
therapy plays a crucial role.

Since treatment of periodontitis requires economical efforts for
multiple phases (such as aetiologic therapy, followed by corrective
therapy if needed, and lifetime lasting supportive care), access to
care and cost-benefit of treatments are currently emerging topics
associated with quality of life. Schwendicke et al. reported that pre-
ventive extraction of all furcated molars during the hygienic phase
was more expensive than no extractions or selective extraction of
molars with grade Il furcation involvement (Schwendicke, Stolpe,
& Graetz, 2017). Implant replacement of failing teeth was more ex-
pensive than periodontal treatment (Schwendicke, Graetz, Stolpe,
& Dorfer, 2014), and the minimal additional cost represented by
the regular appointments for maintenance, if compared with spo-
radic visits, was well rewarded with a longer tooth life expectancy
(Schwendicke, Stolpe, Plaumann, & Graetz, 2016). Regarding the cost
of different periodontal treatments, flap surgery alone was cheaper
than regenerative procedures in the short term (549 vs. 1,183 euro).
However, over 20 years of follow-up, people treated with flap alone
showed higher rate of recurrence and more re-intervention visits.
Due to the need of new active periodontal care, expenses for peo-
ple treated with flap surgery increased over time, while those who
received regeneration had no expenses other than supportive peri-
odontal care (Cortellini et al., 2017). The hypothesis that incomplete
resolution of periodontitis could be related with additional costs in
the long term is supported by other studies reporting that residual
PD, mobility and furcation involvement were associated with higher
cost of maintenance over 16 years (Schwendicke, Plaumann, Stolpe,
Dorfer, & Graetz, 2016).

Finally, periodontal health is largely associated with patient bi-
ology and self-care. Long-term studies report that most of the teeth



EDITORIAL

lost are concentrated in a small group of highly susceptible people.
Hirschfeld and Wasserman reported that 83% of investigated popu-
lation lost a rate of 0.03 t/y, 13% of population lost a rate of 0.2 t/y
and 4% was affected at a rate of 0.6 t/y per patient (Hirschfeld &
Wasserman, 1978), suggesting that behavioural and biological fac-
tors may play a dominant role for disease progression. Smoking has
been related to a four times higher risk of periodontitis and higher
rate of tooth loss (Chambrone & Chambrone, 2006; Martinez-Canut,
2015; Ramseier et al., 2017; Tomar & Asma, 2000). Type |l diabe-
tes is linked with periodontitis through a bidirectional relationship.
Diabetic people have a higher risk of developing periodontal disease
(Sanz et al., 2018), and periodontal patients have a higher risk of de-
veloping diabetes (Graziani, Gennai, Solini, & Petrini, 2018). Despite
the well-recognized negative influence of smoking and diabetes,
their role as modifiers of periodontitis has been included in an offi-
cial classification only in the recent 2017 World Workshop classifi-
cation (Tonetti, Greenwell, & Kornman, 2018).

Patient's well-being derived from functionality, aesthetics and
satisfaction should be assessed in the short and long term. Costs
of treatments could be reduced with therapies devoted to preser-
vation of dentition rather than extraction. Furthermore, motivating
patients to have a better lifestyle through a smoking cessation plan
or control of systemic diseases is essential in preventing periodonti-
tis onset, progression and ultimately tooth loss.

6 | CONCLUSIONS

In the era of classical periodontology, success was regarded as reso-
lution of the disease including strategic extractions to achieve mean
PD reduction. The current definition of success is best expressed as
an effort towards preservation of natural dentition associated with
patients’ well-being. To date, criteria suggesting a sound definition
of success in periodontal therapy should include (a) treatment and
re-evaluation of severely diseased teeth before considering extrac-
tion, (b) a tooth loss rate as low as possible as the main endpoint,
(c) long-term documentation of periodontal stability and (d) patient
satisfaction with improvements in their quality of life.

Proposed points are not immune to limitations. RCTs often re-
port results from a highly selected population with excellent oral
hygiene, systemic health and socio-economical support. Besides, a
learning curve is needed by clinicians to reproduce results achieved
by experts. Although the discussed limitations make the present
proposal difficult to generalize, the challenge represented by learn-
ing and consolidating cutting-edge techniques does not justify sub-
optimal clinical choices like extraction of teeth eligible of therapy
and is well rewarded by preservation of natural dentition.

In the fast transforming era of contemporary periodontology,
new branches of knowledge like epigenetics, genetic testing and
personalized medicine may change again the paradigm of periodon-
tal treatment success.

In conclusion, success is a definition in continuous evolution

which can only be limited to a certain period of time.
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