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CURRENT STATUS OF PERIODONTAL RISK
ASSESSMENT
Wayne Kye, DDS, MS,1 Robert Davidson, DDS, PhD2, John Martin, DDS3, Steven Engebretson, DMD, MS, MS4

ABSTRACT
matory periodontal disease, and further, that the extent and severity of its clinical
manifestation varies as a function of individual risk. Risk assessment models are
needed to target treatment effectively. Contemporary risk assessment, as applied
to periodontal disease, represents an innovative approach to managing periodontitis. The central intent of this paper is to review the current view of risk assessment
as it relates to the diagnosis and management of chronic periodontitis, as well as to
consider a number of such applications that can be incorporated into daily practice.
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INTRODUCTION

P

eriodontal disease is a heterogeneous group of disorders affecting the periodontium, the most common of which are gingivitis and chronic periodontitis.
Within the past 2 decades, substantial evidence indicates that susceptibility to periodontal disease (1) varies among patients and (2) is a function of both acquired
and intrinsic risk factors.1-3 These conclusions are the result of key epidemiological
studies that suggest the prevalence of chronic periodontitis in an adult population
is 35% to 50%.4,5 Coupled with epidemiologic evidence, a better understanding of
the pathogenesis of periodontitis has emerged.6 Accordingly, more recent efforts
related to risk assessment have been focused on identifying new risk factors and,
more importantly, developing a viable algorithm to assess risk in the clinical setting.7
Our primary objective is to review the current state of risk assessment as it relates
to the diagnosis and management of chronic periodontitis, of identifying a practical
Indeed, notwithstanding the publication of numerous studies implicating tobacco
1,8-10
as well as the ap11
implicated in its pathogenesis, a universally accepted objective method of calculating
risk of developing or worsening periodontal disease at a future date does not exist;
however, several risk assessment methods have been described.12-18 In general, these
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constellation of accepted risk factors for periodontal disease, which are then sub-
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largely a function of the individual processing of the data, from a functional graphical
representation of the patient’s risk (Fig. 1),14 to a more sophisticated assessment,
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loss, calculus deposits, furcations, pocket formation, and defective restorations. Systemic factors include conditions that
result in suppression of the immune system, alterations in en-

Figure 1. Functional diagram to evaluate the
patient’s risk for recurrence of periodontitis. Each
vector represents one risk factor or indicator
with an area of relatively low risk, an area of
moderate risk, and an area of high risk for disease
progression. All factors have to be evaluated
together and, hence, the area of relatively low risk
is found within the center circle of the polygon,
whereas the area of high risk is found outside the
periphery of the second ring in bold. Between
the 2 rings in bold, there is the area of moderate
risk. (Originally published in: Lang NP, Tonetti MS.
Periodontal risk assessment (PRA) for patients in
supportive periodontal therapy (SPT). Oral Health
& Preventive Dentistry. 2003;1:7-16. Reprinted
with permission from Quintessence publishing.
Copyright 2003.)

netic markers to susceptibility to periodontitis,25-28 although
29,30
Accordingly, this review discusses the
various risk models that have been developed thus far, the
studies that validate these models, implications for the clinician, and future directions in risk assessment.

Risk Models
bleeding in response to mechanical challenge,31 its indication
of current and future disease activity, ie, ongoing attachment
loss, has not been established.32-35 In fact, only retrospectively
is it possible to ascertain the presence of an “active site.”36
Hence, using the single risk factor, bleeding on probing, is in-

risk assessment as “the process by which qualitative or quantitative assessments are made of the likelihood for adverse
Indeed,
clinical or laboratory measures that could accurately predict
future disease progression would allow clinicians to better
prevent recurrent periodontal destruction.38 Unfortunately,
traditional clinical parameters of periodontal diseases, eg,
probing depth (PD), attachment loss, and alveolar bone level,
are simply cumulative measures of past disease and do not
accurately predict current (or future) disease activity. In spite
of this, most clinicians will often equate periodontal risk with
the extent and severity of periodontal status. That is, patients
with little or no periodontal breakdown are assumed to be
at low-risk for future disease, whereas patients presenting
with more severe tissue destruction are considered to be at
higher risk for future disease.
37

treatment interventions typically associated with a periodon(Fig. 2).19

Nonetheless, it must be understood that risk and diagnosis
are vastly different entities. Risk predicts the disease status
at some future point in time, including the rate at which an
existing disease condition is likely to progress. Diagnosis, by
contrast, is an expression of a current disease status.39 Con-

To better understand using risk in the management of pareview the current thinking regarding risk. Risk
“the probability that an event will occur in the future, or the
probability that an individual develops a given disease or ex-

periodontal care, the American Academy of Periodontology
has stated that “the clinical use of risk assessment will become a component of all comprehensive dental and periodontal evaluations as well as part of all periodic dental
and periodontal examinations.”37 Although previous clinical
attachment loss is certainly a risk factor for future periodontal breakdown, as noted previously, at present there does
not exist a reliable measure for predicting either current or
future disease activity. How then, can we determine if a patient is, in fact, at risk? To meet the objective of incorporating

of time.”20 A risk factor
havior or exposure with an association to a particular disease.
The relationship is not necessarily causal in nature.”21
What are the risk factors for periodontal disease? As noted
22
and diabetes.23 In addition, systemic, genetic, and tooth-related local factors have
been reported.24 Of these, local factors typically include, but
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Figure 2. Section of the clinical report showing risk and disease scores and their change over time, along
with treatment recommendations. (Reprinted with permission from the Journal of Dental Education.
Page RC, Martin JA, Loeb CF. The Oral Health Information Suite (OHIS): its use in the management of
periodontal disease. J Dent Educ 2005;69(5):509-20. Copyright 2005 by the American Dental Education
Association. www.jdentaled.org)

risk assessment into the diagnostic process, numerous risk
assessment models have been introduced during the past
decade12,14-18,40 (Table 1).

periodontal surgery, PD, bleeding on probing (BOP), furcation involvement, subgingival restorations, root calculus, radiographic bone height and the presence of vertical bone
lesions (Fig. 3). Based on these parameters, “numeric risk and
disease severity scores”19 are calculated that establish both

In 2002, Page and colleagues17 introduced the Periodontal Risk Calculator (PreViser), a component of the Oral
Health Information Suite, that evaluates 11 key risk parameters: patient’s age, smoking, diagnosis of diabetes, history of
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severity. These, in turn, are coupled with suggested treatment
options for the clinician (see Fig. 2).
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TABLE 1. Characteristics of various risk assessment models
Author(s)/Year

Risk model

Risk variables

Notes

Page et al
(2002)

Periodontal Risk Calcu- 11 factors:
lator (PRC)*
Age, smoking history, DM, history of periodontal surgery, BOP, furcation involvements, subgingival restorations, vertical intrabony defects,
root calculus, PD, radiographic bone loss

Only the deepest PD and greatest
bone loss per sextant are entered
for PD and radiographic bone levels.

Lang and Tonetti
(2003)

Periodontal Risk Assessment (PRA)

All sites of BOP and PD 5mm
must be entered. Alveolar bone
loss is limited to the most severe
posterior site. Binary designation for
“systemic and/or genetic conditions”
category. Six-point scale for each
factor

Chandra
(2007)

6 factors:
Full-mouth BOP %, PD 5mm, tooth loss,
radiographic bone loss-to-age ratio, systemic
and/or genetic conditions, smoking

8 factors:
Full-mouth BOP %, PD 5mm, tooth loss, CAL DM is separated from systemic
to age ratio, smoking, DM, dental status - sysconditions. Alveolar bone loss is not
temic factors interplay, psychosocial factors
evaluated. Five-point scale for each
factor.

Leininger et al
(2010)

Periodontal Risk Assessment Diagram
Surface (PRAS)

6 factors:
Full-mouth BOP %, PD 5mm, tooth loss,
radiographic bone loss-to-age ratio, systemic
status, smoking

Trombelli et al (2009)

UniFe

5 factors:
BOP, PD 5mm, radiographic bone loss-to-age
ratio, smoking, DM

Lindskog et al (2010)

DentoRisk†

20 factors:
Systemic Predictors: Age in relation to history of chronic periodontitis, family history
of chronic periodontitis, systemic disease and
related diagnoses, result of skin provocation
test, patient cooperation and disease awareness, socioeconomic status, smoking, clinician
experience

Identical to PRA except uses
5-point scale for each factor.
All sites of BOP and PD 5mm
must be entered. Alveolar bone loss
included for one interproximal site
of each tooth.

Local Predictors: bacterial plaque (oral hygiene),
endodontic pathology, furcation involvements,
vertical intrabony defects, radiographic marginal
bone levels, PD, BOP, marginal dental restorations, increased tooth mobility, missing teeth,
abutment teeth, presence of purulence
BOP, bleeding on probing; CAL, clinical attachment loss; DM, diabetes mellitus; PD, probing depth
* PreViser, Mount Vernon, WA.
†
DentoSystem Scandinavia AB, Stockholm, Sweden.

Likewise, the Periodontal Risk Assessment (PRA)14 model is
based on a multifactorial graphic, ie, the Periodontal Pentagon Risk Diagram (see Fig. 1). This functional diagram is composed of 6 vectors representing a combination of 6 clinical,
systemic, and environmental factors to predict the risk of re-

genetic predispositions, ie, interleukin (IL)-1 gene polymorphism, diabetes mellitus, or cardiovascular disease, and (6) environmental factors, such as tobacco use. The aggregate sum
for the patient. However, in contrast to the Periodontal Risk
Calculator (PRC), which is calculated at the onset of treatment, the PRA provides an assessment of risk for patients
during the supportive, posttreatment phase, after active therapy has been completed.

(1) percent BOP, (2) number of residual periodontal pockets ≥ 5 mm, (3) number of lost teeth, (4) percent alveolar
bone loss in relation to the patient’s age, (5) systemic and/or
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Figure 3. Screenshot of Periodontal Risk and Disease Assessment Input Form. (Reprinted with permission
from PreViser Corporation, Mount Vernon, WA.)

Several adaptations to the PRA have been proposed as alternatives.12,40 Suggesting that the PRC was “too complicated for
the practitioner to implement in clinical practice,” one model12 included both retrospective and current data, and used a

Moreover, in contrast to the PRC, which assessed risk prospectively, this model was based on cumulative and retrospective data. That is, according to the author, the model was
“primarily a retrospective one where information is gathered
to assess the current risk for a patient, unlike other models
where current status is assessed and future risk is predicted.”12
The Periodontal Risk Assessment Diagram Surface40 appears
to be very similar, if not identical, to the PRA, although in a
retrospective study of 30 subjects, no comparison data to the
PRA model was cited.

related, immunosuppression, genetic), stress, and diabetic and
socioeconomic status. In summary, the 8 parameters were
as follows: (1) percentage of sites with BOP, (2) number of
sites with PD 5 mm, (3) number of teeth lost, (4) attachment loss/age ratio, (5) diabetic status, (6) smoking, (7) dental
status–systemic factors interplay, and (8) other background
characteristics.The ease of interpretation, relative to the PRC,
was embodied in the format of the risk diagram itself, which
was color-coded into low-, medium-, and high-risk zones
(Fig. 4).
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Trombelli and colleagues18
ment model (UniFe) using 5 key parameters: (1) smoking
status, (2) diabetic status, (3) number of sites with PD ≥
5 mm, (4) BOP score, and (5) bone loss/age. A numeric value
for each parameter was calculated, based on its extent or
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Validation Studies

Figure 4. The proposed model, which considers the
cumulative periodontal status, risk factors, and risk
determinants under 8 parameters and with clearly
demarcated low-, medium-, and high-risk zones.
(Originally published in Chandra RV. Evaluation
of a novel periodontal risk assessment model in
patients presenting for dental care. Oral Health
Prev Dent 2007;5:39-48. Reprinted with permission
from Quintessence publishing. Copyright 2007.)

Long-term studies42-44 strongly suggest that clinicians can
achieve success in establishing and maintaining periodontal
health using conventional therapeutic modalities coupled
with empirical, if not frankly subjective, guidelines to estimate
risk for future disease. Notwithstanding best efforts, however,
tooth loss is invariably seen in a small percentage of patients.
The question therefore remains: Might a more quantitative
to deliver therapy more rationally? Recent studies suggest
that such an approach, indeed, may be the case.
In one study, Persson et al45 compared risk estimated by “expert clinicians” to that computed by the PRC. The objectives
of their study were actually twofold: (1) to determine “the
level of agreement between expert clinician scores and PRC
scores, and (2) to determine the “extent of inter-evaluator
variation” among the experts. Results of the study showed
surprising variation among clinicians’ scores and, relative to
the PRC scores, a clear tendency to underestimate the risk
for future periodontal disease. Overall, among the clinicians,
approximately 80% of subject risk was either over- or underestimated (Fig. 5). Predictably, in light of the variability of subjective scoring, the authors advocate the use of an objective
method to assess risk.
In a related study using the PRA, Persson et al46 examined the
ability of the IL-1 gene polymorphism to predict the response
to regular, follow-up maintenance; following the completion

severity, and patients were assigned to 1 of 5 risk categories
derived from the sum of those values, ie, 1(low), 2 (low-medium), 3 (medium), 4 (medium-high), or 5 (high).

after 4 years of supportive periodontal therapy. In general,
if IL-1 status was taken into consideration, PRA scores decreased for IL-1–negative patients, representing a reduced
PRA-determined risk, whereas scores increased for IL-1–
positive patients, indicating an increased PRA-determined

Most recently, Lindskog and coworkers15,16,41 developed a
computerized risk assessment and prognostication program
(DentoRisk) that is used in conjunction with a skin test for

for identifying patients who may respond less favorably to
maintenance therapy.

tient’s overall dentition (Level I). If an elevated risk is detected,
a prognosis for annualized attachment loss for each individual
tooth (Level II) is then computed. This information can then
be used during the treatment planning appointment, and provide the patient and clinician with a current and the future
prognostication (based on completion of successful therapy).

More recently, in a blind retrospective study of 107 randomly
selected patients seeking periodontal treatment, Trombelli et
al18 compared the Unife and the PRC risk models. For the
Unife system, each of 5 separate parameters was scored, and
their sum was expressed as an overall measure of risk. Statistical analysis showed complete agreement between the 2
models in approximately 75% of the patients, and although
clearly validated in comparison with the PRC, the authors
suggested the need for long-term, longitudinal studies to further validate their model.

In general, these models share several common attributes.
They all compute risk based on an assessment of current
in some manner to risk for future disease. Each then assigns
relative risk values and assigns patients into one of an ar-

Page and coworkers17 reported that the PRC risk score accurately predicted future periodontal status and tooth loss of
a population that received routine dental care but typically not
periodontal care. In a subsequent study52 using the same population, it was determined that tooth loss was more precisely

been made to validate the underlying premise, with varying
degrees of success.
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Figure 5. The extent of agreement for subjects assigned a risk score of 3 by the risk calculator and risk
scores assigned by expert evaluator Groups A (blue), B (green), and C (red). Each circle represents 5 risk
assessments. For agreement, circles are located on the bull’s eye; when scores of 4 or 2 instead of 3 were
assigned, circles are located in the inner circle; when 1 or 5 were assigned instead of 3, circles are located in
the outer circle. (Originally published in Page RC, Martin JA, Loeb CF. Use of risk assessment in attaining
and maintaining oral health. Compend Contin Educ Dent 2004;25(9):657-670. Copyright 2004 to AEGIS
Publications, LLC. All rights reserved. Reprinted with permission from the publisher.)

and accurately predicted by the combination of risk and severity scores than by either score alone. In contrast, Martin
and coworkers47 reported on tooth loss observed during periodontal therapy in patients who were assessed using the PRC.
ate or severe periodontitis and a total of 980 teeth were lost.
Regression analysis showed that the average tooth loss rate
(TLR) can be accurately predicted when a combination of the
model’s disease and risk scores is used. They concluded that
tooth loss could be minimized, if not prevented, if periodontal
therapy is instituted before the periodontal condition becomes
severe. In a subsequent study,48 premised on the notion that
timely intervention would result in decreased tooth loss, the
TLR of 2 patient populations was compared. One population
received only routine dental care, whereas the second popula-
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subjects with the same risk and severity category, comprehensive periodontal therapy was associated with a lower TLR and
more subjects who lost no teeth.This study provided clear evidence that a patient with periodontal disease can retain more
teeth if comprehensive periodontal therapy is performed in
addition to routine dental care. However, because care was
administered without use of objectively determined risk, the
disease severity. The hypothesis that remains to be proven is
that the use of risk assessment will result in better outcomes.

Clinical Implications
Risk assessment provides the clinician with the opportunity
to develop a risk-based treatment plan that incorporates the
level of risk along with the severity of periodontal disease.
Including risk in treatment planning means that the intensity
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interest to the clinician is the inclusion of risk factors that
are affected by treatment, such as periodontal pocket depth,
bacteria, tobacco use, and diabetic control. In contrast, factors
not affected by treatment (eg, socioeconomic status, race,
ethnicity, gender, age) have limited value for a clinician in the
development of a risk-based treatment plan but may be useful for a public health organization or dental insurance company to determine treatment needs over time.

condition would be ratcheted up when risk is high and down
when risk is low.1,19 For example, a risk-based treatment plan
for a high-risk patient with severe chronic periodontitis may
be surgery and periodontal maintenance 4 times per year,
whereas a treatment plan for a low-risk patient with slight
chronic periodontitis may be scaling and root planing and 2
periodontal maintenance visits per year. Treatment planning
in this manner means that severity alone is not the sole criterion of treatment complexity, which apparently has been an
important reason to refer.49 Accordingly, guidelines for referral have been developed based on risk.50

The methods of risk assessment range from the individual clinician’s subjective opinion to standardized computer
models that use assessments that are more objective in
nature.12,14,15,17,18,40,45,54 The evidence is clear that the former
method has a wide range of variation that could result in
the misapplication of treatment for some patients.45,54 Merely
odontal disease, because treatment needs to account for
risk.1,19 And a risk-based treatment plan requires that the clinician understands risk and communicates issues about risk
to the patient so that they are understood. Unfortunately,
54-59
Expertise in literacy and numeracy is not universal. Furthermore,
words do not have a precise meaning. For example, each
of the phrases “very common,” “very rare,” “very high risk,”
and “very low risk” can be interpreted differently. And even
well-educated individuals may be challenged with concepts
such as probability. Although numbers convey risk better than
words and visual aids are available to illustrate the meaning of
numbers, a patient’s assessment of his or her own risk is also

Risk assessment also provides the opportunity to develop a
treatment plan that targets the risk factors, such as periodontal pocket depth, bacteria, tobacco use, and diabetic control
for the purpose of reducing risk.1,19,24 A typical consequence
of periodontal treatment is pocket depth reduction. However,
pocket depth is an indicator of disease severity that is used to
determine risk.12,14,15,17,18,40 Although risk may be lowered as a
result of pocket reduction, the clinician could include pocketreducing treatment as a risk-increasing factor. The clinical importance relates to a key use of risk, which is to prevent
worsening of periodontal status by periodontal maintenance.
Hence, periodontal maintenance frequency should be based
in part on risk. But absent a history of periodontal status that
unadjusted for pocket reduction may be associated with a
periodontal maintenance frequency that is too low. For example, treatment that results in a risk reduction from high to
low may be interpreted to mean periodontal maintenance
needs to be twice instead of 4 times per year. Over time,
clinical evidence coupled with a clinician’s experience are factors to verify or change periodontal maintenance frequency.

emotions. Hence, although risk models may lead to betterinformed patients and clinicians, how risk is explained to the
patient may be just as important as the risk model itself.60

Future Directions

A frequency of 4 times per year is a common recommendation for periodontal maintenance.51 Although this may have
been a reason for inclusion in guidelines, it may be because
referred patients typically have a severity of disease typically
associated with high risk.19,45,49,51 But not every patient is high
risk47, 52 and not every patient has severe disease.4,47,52 As
demonstrated by Axelsson,53 customizing the frequency of
preventive care means that low-risk patients could be scheduled once a year, whereas high-risk patients may need to be
scheduled every 3 months.51 Customizing recall frequency
to risk level means that fewer appointments may be needed,
which could increase access for care.

Validated risk assessment models are expected to result in
better therapeutic outcomes at a lower cost. However, risk
assessment models have not yet been validated in longitudinal studies and remain an important issue to be examined.60
An economic analysis of savings realized by reducing the
incidence or progression of periodontitis would likely proto determine most effective treatment. Additionally, clinical
research is needed to determine the most effective way to
incorporate risk assessment in patient education.
The usefulness of risk assessment is not limited to disease risk.
Risk also pertains to treatment success and risks associated
with treatment. For example, resective periodontal surgery
results in marginal gingival recession, which may adversely affect oral health–related quality of life and caries susceptibility.
Not only would a risk model of treatment be a valuable aid
for a clinician and patient but a risk model(s) that accounts
for the full spectrum of diseases, therapy, and outcomes could
have enormous clinical utility and value.

In addition to the individual clinician and patient, a public
health organization and dental insurance company could
use periodontal disease risk models for periodontal disease
However, the risk model (including its risk factors) would not
necessarily be the same for the clinician, the public health
organization, and the dental insurance company. Of primary
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CONCLUSIONS

11. Dahlen G. Role of suspected periodontopathogens in microbiological
monitoring of periodontitis. Adv Dent Res 1993;7:163-74.

What, then, is the value of risk assessment? Incorporation of
risk for oral disease into clinical practice, in the broadest sense,
has the potential to substantially alter the traditional approach
to oral health care delivery. For example, traditional management of periodontal disease has been based on the repair
model of care where a lesion or condition is diagnosed and
repaired. The “best” treatment in this model is based on the
lesion, regardless of the patient’s risk. In contrast, the wellness
model of oral health care incorporates risk in the care algorithm, which emphasizes prevention and treatment targeted to
risk factors in addition to reparative treatment that is customtion to increasing the well-being of patients, this may also lead
to decreased morbidity and reduce the overall costs of health
care. In this paper, we have reviewed the current status of risk
assessment as it pertains to periodontal disease. As we have
described, within the past decade, substantial progress had
been made in terms of developing viable models for calculating
tion. The goal of risk assessment is the long-term retention of
teeth via an amalgamation of prevention, early intervention,
and directed therapy. Given that numbers of risk assessment
models that focus on periodontal disease have been validated
clinically clearly anticipates the next phase in the process. That
is, in parallel to guidelines established for managing dental caries, similar guidelines for managing periodontal disease(s) could
well result in the very near future.
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