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Abstract
Objectives: (i) To identify characteristics of currently published patient-based
tools used to assess levels of risk for periodontitis progression and (ii) systemati-
cally review the evidence documenting the use of patient-based risk assessment
tools for predicting periodontitis progression.
Material and methods: A systematic review was prepared on the basis of an elec-
tronic search of the literature supplemented with manually searching the relevant
journals of the latest 5 years. Prospective and retrospective cohort studies were
included as no randomized controlled clinical trials were available.
Results: The search identified 336 titles, and 19 articles were included in this sys-
tematic review. The search identified five different risk assessment tools. Results
of nine of 10 cohort studies reporting outcomes of 2110 patients indicate that risk
assessment tools are able to identify subjects with different probability of peri-
odontitis progression and/or tooth loss. Subjects with higher risk scores showed
more progression of periodontitis and tooth loss.
Conclusions: In treated populations, results of patient-based risk assessments, for
example periodontal risk calculator (PRC) and periodontal risk assessment
(PRA), predicted periodontitis progression and tooth loss in various populations.
Additional research on the utility of risk assessment and results in improving
patient management are needed.
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The host response to aetiologic
agents and routine periodontal treat-
ment outcomes vary amongst peri-
odontitis patients; it is therefore
clinically important to determine the
relative risk for disease progression

in a once-treated patient. For the
last several decades, efforts have
been made to evaluate the utility of
various predictors for periodontal
disease progression. Unaided risk
assessment and prognostication,

however, have shown significant var-
iability because chronic periodontitis
is a multifactorial disease.

In that respect, single parameters
have been assessed for their positive or
negative predictive values to indicate
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periodontal disease progression or
stability. Initially, these efforts were
hampered by the lack of consensus
on a clear definition of disease pro-
gression. Generally, the loss of peri-
odontal attachment of ≥2 mm was
used as an indication of progressive
disease (Lang et al. 1986, Claffey
et al. 1990, Tonetti & Claffey 2005).
Occasionally, ≥3 mm was chosen as a
threshold (Socransky et al. 1984). It
is evident that with such thresholds,
minimal true loss of attachment of
<2 mm was not detected as such.
Consequently, an evaluation of
parameters usually underestimated
predictive values in a given time.

As it was recognized that the
extent and severity of previous disease
is helpful in identifying individuals at
risk of further disease progression
(Haffajee et al. 1991), efforts focused
on tooth- and site-based predictions.
While originally single parameters
such as bleeding on probing (BOP)
(Lang et al. 1986), suppuration and
probing pocket depth (PPD) (Claffey
et al. 1990) were evaluated for their
ability to predict disease progression,
it was soon realized that the positive
predictive values of these parameters
were at best approximately 30%.
Hence, the search for additional
parameters and combinations of
parameters was necessary.

Lang & Tonetti (1996) suggested
the need for a continuous multilevel
risk assessment at the patient, tooth
and tooth site level to improve pre-
dictive values. While tooth- and site-
based risk assessment using the
severity of the lesion (pocket depth,
attachment loss, remaining bone
support, furcation involvement) and
inflammation (BOP) had been clini-
cally utilized, the challenge was the
incorporation of subject-based fac-
tors.

The systematic assessment of
known risk factors discussed at the
World Workshop on Periodontics
(Papapanou 1996, Tonetti 1998)
highlighted that known risk factors
for periodontitis could be clustered
in seven groups: aetiology, genetic
predisposition, medical conditions,
lifestyle, psychological profile, access
to care and background factors.
Each of these groups of factors may
confer increased susceptibility to dis-
ease onset and progression. In his
paper, in the first attempt to account
for the multidimensional nature of

patient-based risk, Tonetti (1998)
proposed the use of a target diagram
to communicate and manage the
multidimensional risk of periodonti-
tis progression.

Clinical implication of the princi-
ples, however, required the develop-
ment and validation of tools to
measure and communicate risk in its
multiple dimensions. The significance
of single subject attributes or expo-
sure to outcomes of periodontal sup-
portive care has been recently
systematically reviewed (Chambrone
et al. 2010). In that systematic
review, different patient-related fac-
tors (i.e. age and smoking) and
tooth-related factors (tooth type and
location, and the initial tooth prog-
nosis) were associated with tooth
loss during supportive periodontal
care. No systematic review is avail-
able to understand the predictive
value of multiple factors for peri-
odontitis progression and tooth loss
in treated populations.

The specific aims of this review
were as follows: (i) to identify the
characteristics of currently published
patient-based tools or systems used
to assess levels of risk for periodonti-
tis progression and (ii) systematically
review the evidence documenting the
use of patient-based risk assessment
tools for predicting periodontitis
progression. For the second aim, the
focused question was as follows:
“Are results from current patient-
based risk assessment tools predictive
of periodontitis progression in adults
treated for this disease?”

Material and Methods

Scope

The focus of this review was to pro-
vide a comprehensive summary of
the evidence of existing tools or
methods proposed to assess patient-
level risk for the progression of peri-
odontitis. Hence, inclusion criteria
were set to be broad and inclusive.
Study designs eligible for inclusion
were randomized controlled clinical
trials and cohort studies for answer-
ing the focused question of predic-
tion. Cross-sectional studies were
included in the summary of currently
reported risk assessment tools. Risk
assessment tools for peri-implant dis-
ease initiation or progression were
not within the scope of this review.

Any published risk assessment
tool was considered. For this review,
a risk assessment tool was defined
to include any composite measure
of patient-level risk directed towards
determining the probability for fur-
ther disease progression in adults with
periodontitis. Periodontitis was
defined to include both chronic and
aggressive forms in adult populations.
Periodontitis progression outcomes
included changes in attachment levels
and/or deepening of periodontal
pockets in millimetres in study popu-
lations undergoing supportive peri-
odontal therapy (SPT) (Tonetti &
Claffey 2005).

Search and screening

The electronic search strategy
included the search of electronic data-
bases to July 2014 using terms and
strategy set a priori according to each
database (Cochrane Library, Ovid
MEDLINE, EMBASE and LILACS).
No language or year restrictions were
applied. Hand searching comprised of
checking bibliographic references of
included articles and related review
articles. In addition, on-line hand
searching of recent issues of key peri-
odontal journals from the previous
5 years was performed (Journal
of Clinical Periodontology, Journal
of Dental Research, Journal of
Periodontal Research, Journal of Peri-
odontology, Oral Health and Preven-
tive Dentistry).

The electronic search strategy
framework was developed based on
risk assessment tools and periodonti-
tis search terms and then tested to
confirm its suitability to the focus of
the review. It was customized as
appropriate before application to
each database. Table S1 provides an
example of the basic search strategy.

Titles and abstracts (when avail-
able) of all reports identified through
the search were scanned by two
reviewers independently (JES and
NPL). Full reports were obtained and
reviewed independently for studies
appearing to meet the inclusion crite-
ria or for which there was insufficient
information in the title and abstract to
allow a clear decision (JES and NPL).

Bias protection assessment

Bias protection assessment of
included studies was undertaken
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independently and in duplicate by
two reviewers. Studies were assessed
using the validated Newcastle-
Ottawa quality assessment scale as
recommended by the Cochrane Col-
laboration guidelines for the assess-
ment of non-randomized studies
(Wells et al. 2009). These tools
award stars (*) in three categories
for each study based on incorpora-
tion of design elements associated
with minimizing bias. Due to a lack
of validated tools to assess the risk
of bias of cross-sectional studies,
cross-sectional studies were not eval-
uated.

Data abstraction

Data were abstracted from full-text
articles directly into electronically
generated evidence table templates.
Data abstraction was performed on
all included studies independently
and in collaboration (JES and
NPL). Completed evidence tables
were re-checked to validate accuracy
of the data abstraction (JES, NPL,
MT).

Data synthesis

Descriptive methods

Descriptive summary was performed
by summarizing the studies in evi-
dence tables to determine the quan-
tity of data, checking further for
study variations in study charac-
teristics (populations, outcomes,
design, quality and results). Bias
protection assessment was also sum-
marized in table format. Evidence
tables provided the framework to
assess data suitability for further
quantitative analyses such as meta-
analysis.

Quantitative methods

Due to the heterogeneity of the stud-
ies, data were not adequate to war-
rant performing a meta-analysis.

Results

Search results

The electronic search provided 388
citations, including 61 duplicate
publications. Hand searching pro-
vided nine additional citations. 336
titles and abstracts were screened in
duplicate (Kappa score for screening
agreement 0.95, 95% CI 0.90–0.99).

Figure 1 illustrates the PRISMA
flow diagram. 303 irrelevant cita-
tions were excluded, confirming the
broad nature of the search. The
majority of these contained informa-
tion pertaining to associations of
specific risk factors to periodontitis.
Moreover, articles about risk factors
for caries and periapical lesions as
well as narrative reviews were
amongst the excluded titles and
abstracts.

All 33 potentially relevant full-
text articles were screened indepen-
dently in duplicate according to the
eligibility criteria. Reviewers were in
full agreement on inclusion of arti-
cles. This last screening excluded 14
citations that did not provide evi-
dence for risk assessment tools or
were duplicate publications of
already included articles, or were
narrative summaries or comments
(Page et al. 2002, 2005, Persson
et al. 2003a,c, Renvert et al. 2004,
Sandberg 2004, Chapple 2007, Sand-
berg & Fors 2007, Matuliene et al.
2008, Martin et al. 2009, 2011,
Busby et al. 2013, Giannobile et al.
2013, Thyvalikakath et al. 2013).
Detailed reasons for exclusion are
reported in Table S2.

Characteristics of included studies

All evidence was published within
the last 13 years, and 10 articles
were published since 2010. Three
included articles reported a risk
assessment tool without providing
supporting data (Fors & Sandberg
2001, Lang & Tonetti 2003, Teich
2013). Evidence comprised 10
cohort studies: in seven of these,
risk was calculated retrospectively at
the end of the follow-up period
using available baseline data (Page
et al. 2003, Eickholz et al. 2008,
Jansson & Norderyd 2008, Leinin-
ger et al. 2010, Martin et al. 2010,
Matuliene et al. 2010, L€u et al.
2013); in 1, risk was calculated ret-
rospectively using data assessed at
the end of the study (Meyer-B€aumer
et al. 2012), while 2 studies were
conducted fully with a prospective
design (Lindskog et al. 2010, Costa
et al. 2012). 6 cross-sectional studies
were also identified (Persson et al.
2003b, Renvert & Persson 2004,
Chandra 2007, Trombelli et al.
2009, Eshwar et al. 2010, Busby
et al. 2014).

Aim 1. Summary of identified patient-

based periodontal risk assessment tools

The 19 included studies reported on
different patient-based periodontal
risk assessment tools. A total of five
risk assessment tools were identified
in the current review. Five publica-
tions dealt with the DenPlan Excel/
Previsor� Patient Assessment (DEP-
PA) and its modifications (Page
et al. 2002, Persson et al. 2003b,
Trombelli et al. 2009, Martin et al.
2010, Busby et al. 2014). One article
described the HIDEP model, a com-
puterized tool that used predeter-
mined risk groups for selecting and
managing individual treatment and
prevention schemes (Fors & Sand-
berg 2001). One article presented the
risk assessment-based individualized
treatment (RABIT) (Teich 2013).
One study (Lindskog et al. 2010)
described the dentition risk system
(DRS) at both the patient and tooth
level. Twelve publications reported
on the Periodontal Risk Assessment
(PRA) and its modifications (Lang
& Tonetti 2003, Persson et al. 2003c,
Renvert & Persson 2004, Chandra
2007, Eickholz et al. 2008, Jansson
& Norderyd 2008, Eshwar et al.
2010, Leininger et al. 2010, Matuli-
ene et al. 2010, Costa et al. 2012,
Meyer-B€aumer et al. 2012, L€u et al.
2013).

Table 1 displays the characteris-
tics and the parameters utilized by
these tools. A qualitative analysis
indicates that the parameters that
are taken into account are to a large
degree the same even though differ-
ences are evident with regard to the
actual assessment of the parameters.
Furthermore, the majority of the
tools are variations of few basic
approaches and in particular of the
periodontal risk calculator, PRC
(Page et al. 2002) and of the peri-
odontal risk assessment, PRA (Lang
& Tonetti 2003). Variations fre-
quently addressed different ways of
assessing the parameters included
either in PRC or in PRA.

A total of six studies reporting
on 1078 patients had a cross-sec-
tional design and reported compari-
sons of different risk assessment
tools and/or measures of adjusted
and unadjusted associations between
periodontal outcomes and the sub-
ject risk stratification provided by
the assessment tools (Table S3).
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Aim 2. Prediction of periodontitis

progression

Ten included studies (Table 2) had a
cohort design and reported on a total
of 2130 patients. The observation
period spanned from 3 years to
12 years. The time at risk (follow-up
time) was different for the different
subjects enrolled in each study in five
of 10 studies. In general, these studies
report that the risk assessment tool
was able to effectively separate sub-
jects with different probability of dis-
ease progression and tooth loss. The
observed effect was dose dependent
(the higher the estimation of risk the
higher the level of observed disease
progression and/or tooth loss).

One study (Page et al. 2002)
assessed the predictive value of risk
estimation with the periodontal risk
calculator (PRC), also known as
PreViser� in a largely untreated pop-
ulation. This study enrolled 523 men
of the VA Dental Longitudinal
Study with data gathered over
15 years. The risk scores applied

were strong predictors for the peri-
odontal status as measured by alveo-
lar bone loss of periodontally
affected teeth. Increasing risk scores
after 15 years also revealed increas-
ing numbers of teeth lost. A risk
score of 2 corresponded to a loss of
0.5 teeth, a risk score of 3 to a loss
of 1.6 teeth, a risk score of 4 to a
tooth loss of 2.4 teeth and a risk
score of 5 to a tooth loss of 5.8
teeth. The authors recommended the
PRC as a predictive tool for risk
assessment in clinical decision-mak-
ing. It should be noted that deter-
mining risk subjectively by expert
clinicians tended to underestimate
the periodontitis risk compared to
the PRC. Another study utilizing the
PRC system reported on 776 SPC
patients from 9 periodontal practices
(Martin et al. 2010).

Another prospective cohort study
(Lindskog et al. 2010) provided evi-
dence for the dentition risk system
(DRS), a proposed combination of
factors in assessing disease progres-

sion at both the patient (dentition)
and the tooth level in a population
comprising 183 subjects.

Seven studies reporting on 648
subjects assessed the predictive value
of risk estimation with the PRA or
its modifications as a predictive tool
for periodontal disease progression
(Eickholz et al. 2008, Jansson &
Norderyd 2008, Leininger et al.
2010, Matuliene et al. 2010, Costa
et al. 2012, Meyer-B€aumer et al.
2012, L€u et al. 2013). With the
exception of one retrospective cohort
study with 20 subjects and a mean
follow-up of 5 years (Jansson &
Norderyd 2008), 6 of the seven
cohort studies reported on a total of
628 subjects followed for 3 to
12 years (Eickholz et al. 2008, Lein-
inger et al. 2010, Matuliene et al.
2010, Costa et al. 2012, Meyer-
B€aumer et al. 2012, L€u et al. 2013).
All provided a longitudinal external
validation of the PRA as a predic-
tive tool for periodontitis progres-
sion and tooth loss. The study that
failed to report an association
between PRA score and periodonti-
tis progression (Jansson & Norderyd
2008) assessed risk before treatment
and after 5 years, while all other
studies assessed PRA at the end of
active therapy. Matuliene et al.
(2010) reported that subjects with a
low-risk profile experienced an aver-
age tooth loss of 1.8 teeth (SD 1.9
teeth), subjects with a middle-risk
profile 1.02 teeth (SD: 1.8 teeth) and
subjects with a high-risk profile 2.59
teeth (SD 3.9 teeth) (Matuliene et al.
2010). In a Chinese study with 88
patients (L€u et al. 2013), a modified
PRA was used to evaluate treatment
outcomes in severe generalized
aggressive periodontitis. High-risk
patients showed more tooth loss and
less bone fill than low-risk or moder-
ate-risk patients. Another cohort
study, reporting on PRA in general-
ized aggressive periodontitis patients,
reported more tooth loss and
shorter time to the first tooth loss
event in PRA-defined high-risk indi-
viduals compared to low- and mod-
erate-risk individuals (Meyer-B€aumer
et al. 2012). This latter study, how-
ever, retrieved risk profile data at
follow-up rather than after active
periodontal therapy.

Based on the Newcastle-Ottawa
quality assessment scale for the pro-
spective and retrospective cohort

Fig. 1. Prisma flow diagram.
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study design (Wells et al. 2009), 6
studies met the criteria to be catego-
rized as being at low risk of bias,
while 4 studies were at medium risk
of bias.

No retrieved study evaluated in a
comparative way the effect of knowl-
edge of the risk assessment profile
on the management of the patient.

Discussion

This systematic review identified five
periodontal risk assessment tools in
the literature. These employed
assessment of a small set of well-doc-
umented risk factors and indicators.
Differences consisted mainly of the
methods of estimation of the differ-
ent parameters, their number and
the inclusion of tooth- or site-specific
factors. Amongst these, three tools –
and their variations – have been
assessed in longitudinal studies. One
tool termed the periodontal risk cal-
culator or PRC was studied in two
studies from the USA (Page et al.
2002, Martin et al. 2010). Another
tool, the periodontal risk assessment
or PRA (Lang & Tonetti 2003) was
tested in a total of seven studies
including 648 subjects. One of the
seven studies with a very limited
number of subjects (n = 20) was
unable to attribute a predictive func-
tion for periodontitis progression or
tooth loss to the periodontal risk
assessment (PRA), but the other six
studies confirmed such predictive
value. Authors commented that this
result may have been influenced by a
more aggressive treatment approach
including more extractions at initial
therapy as baseline was defined as
before initial therapy. The last tool,
the dentition risk system, was evalu-
ated in 183 individuals recruited by
seven dental practitioners from five
clinics in Sweden (Lindskog et al.
2010).

Taken together, these data sup-
port the possibility to predict peri-
odontitis progression and tooth loss
in a treated population based on risk
segmentation using these tools. No
data, however, are available on the
impact that such risk assessment may
have on patient management. In this
respect, the use of risk assessment to
determine the frequency of support-
ive periodontal care appointments
has been proposed along with the
idea that it may help in treatment

planning. While rationale, these sug-
gestions remain unsubstantiated. In
this situation of incomplete knowl-
edge, however, clinicians may wish to
consider application of risk assess-
ment tools to improve their ability to
identify, communicate and manage
the multifactorial nature of periodon-
titis. Both PRC and PRA seem well
suited to satisfy the goals proposed
with patient-based risk assessment
(Tonetti 1998). It appears, however,
particularly important to emphasize
that risk segmentation of recall pop-
ulations with PRA or its modifica-
tions have been validated in multiple
populations and settings around the
world (Brazil, China, France, Ger-
many, India, Sweden and Switzer-
land), increasing the generalizability
and external validity of the tool and
therefore the potential applicability
to clinical practice.
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Clinical Relevance

Scientific rationale for the study: It
would be clinically beneficial to
stratify subjects into risk categories
using tools accounting for the mul-
tifactorial nature of the disease as
this may help in improving case
prognosis and management after

completion of active periodontal
therapy.
Principal findings: Results from this
systematic review indicate that risk
assessment tools such as the Peri-
odontal Risk Calculator or the Peri-
odontal Risk Assessment are
predictors of periodontitis progres-

sion and tooth loss in treated pop-
ulations.
Clinical implications: Even in the
absence of direct evidence of the
clinical utility of risk assessment in
patient management, clinicians may
consider application of these princi-
ples to clinical practice.
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