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Abstract

Background: The 2017 classification of periodontitis is a system consisting of 2 vectors, stage and grade, determined by risk and
prognostic factors. This study aimed to examine the possibilities and limits of the 2017 classification from the perspective of risk and
prognostic factors. This study also explains a third implicit vector—prognosis—which is spontaneously generated by combining the

2 vectors.

Methods: We selected articles through a search of digital databases. We used key words such as “risk factor/prognostic factor and

periodontitis.” We utilized a color scale to understand the degree of risk of each factor for tooth loss and periodontitis.

Results: 147 articles were selected. The 2017 classification includes 3 essential patient-related factors and 6 principal tooth-related
factors. By analyzing the odds ratio of each parameter using color scale and systematic review, the categories of smoking, diabetes,
pocket depth, clinical attachment loss, and furcation involvement were classified adequately to predict the risk/prognosis of peri-

odontitis. However, evidence was insufficient for other factors.

Conclusion: In this analysis of risk and prognostic factors of the 2017 classification, we confirmed that it not only contains most of

the essential factors for diagnosis but can also estimate the rate of progression and tooth loss.
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Introduction

In the 2017 World Workshop, a novel classification of peri-
odontitis (the 2017 classification) was developed [1]. The 2017
classification changed the paradigm of diagnosis of periodonti-
tis and presented the direction of progress for periodontics. The
2017 classification is a unique system, adopting an unprecedented
2-vector system. The first is stage which reflects the severity and
complexity of periodontitis, and the other is grade which describes

the progression and risk factors of disease [2].

A risk factor is defined as one that causes disease, such as en-
vironmental exposure, behavioral aspect, and genotype [3]. There

are two types of risk factors. The first are modifiable risk factors,

such as diabetes and smoking. The second type are immutable
risk factors, such as the IL-1 genotype and they are also known as
determinants, or background factors [3]. Risk factors are usually
confirmed through longitudinal research [4]. As the term suggests,
risk factors can increase the probability of periodontitis, and the
probability could be decreased if they are removed [5]. However,
although dentists intervene to remove the risk factors of periodon-
titis, the results are not always altered in a favorable way, because
there are multiple factors for both onset and cure for disease. Un-
like risk factors, risk indicators and risk predictors (risk markers)
are not based on clear evidence and longitudinal studies. Rather,
risk indicators are probable factors which are determined by cross-

sectional research, and risk predictors are results that come from
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disease, such as mobility and tooth loss (TL) [6]. Nonetheless, risk

indicators and risk predictors are frequently used for epidemiol-

ogy.

Prognostic factors are similar to risk factors, but there is a high-
er chance of intervention leading to improved outcomes. Initial
severity of periodontitis, compliance from the patient, and ther-
apy performed by periodontists are good examples of prognostic
risk factors. In addition, some risk factors such as smoking, could
sometimes be regarded as prognostic factors, as intervention may

affect the outcomes of periodontal disease [4].

Numerous studies on risk and prognostic factors have been

conducted [4,7,8]. However, in recent years, not many studies on

04
risk and prognostic factors have been reported, even though the
classification of periodontitis has changed. Moreover, to our best
knowledge, no studies have yet analyzed the 2017 classification in

terms of risk factors and prognostic factors.

The 2017 classification also has a third implicit vector-progno-
sis-which is which is spontaneously generated by combining the
two vectors (Figure 1). By using the 2-vector system, clinicians not
only can accurately diagnose the current state of periodontitis, but

also can determine the periodontal prognosis to some extent.

The purpose of this study is to examine the possibilities and lim-
its of the 2017 classification from the perspective of risk factors
and prognostic factors through the systematic review of associated

articles reported thus far.

Figure 1: The new 2017 classification is a 3-vector system. 1A) Combining the 2 vectors of stage and grade generates the third vector

of prognosis. 1B, 1C) It is possible to compare the prognostic capabilities of the 2017 classification to other prognostic systems. The

rationale for comparing 1B and 1C is in table S1.

2017 classification of
periodontitis

Conditions

Compared with McGuire 1996

Stage IIl Grade A, B
Stage III Grade C
Stage IV Grade A
Stage IV Grade B

Stage IV Grade C

Stage I Grade A, B 1~2mm CAL +<2mm/5years additional CAL + no complexity Good
Stage I Grade C, Stage I1 1-2mm CAL + =2Zmm/5years CAL (or 3-4mm CAL + <2mm/5 years Fair
Grade A, B CAL) + no complexity
Stage Il Grade C 3-4mm CAL + =2mm/5years + no complexity Fair or Poor

=5mm CAL + < Zmm/5years + simple (complexity)
=5mm CAL + = 2Zmm/5years + simple (complexity)
=5mm CAL + Omm/5years + complex (complexity)
=5mm CAL + <2mm/5years + complex (complexity)

=5mm CAL + =2mm/5years + complex (complexity)

Poor

Poor or Questionable

Questionable

Hopeless (retaintion) or hopeless

(extraction)
Hopeless (retaintion) or hopeless

[extraction)

Table S1: Comparing the 2017 classification of periodontitis with McGuire’s prognostic system (1996).
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Methods

For this study, we selected articles through direct search and
a search of databases, such as Medline, Sciencedirect, Web of sci-
ence and Google scholar. We used key words such as “risk factor
and periodontitis/periodontal disease,” “prognostic factor and
periodontitis/periodontal disease,” “tooth-related factor and
periodontitis/periodontal disease,” “patient-related factor and

» o«

periodontitis/periodontal disease,” “smoking and periodontitis/

periodontal disease,” “diabetes and periodontitis/periodontal dis-

G

ease,

G

genetic factor and periodontitis/periodontal disease,” “phe-

notype and periodontitis/periodontal disease.” We found 4760 ar-

05
ticles, and 597 articles were selected for evaluation after reading
their abstracts. We evaluated the quality of journals, considering
the 6 categories and 27 checklists of PRISMA [9]. In order to see
the overall trend, we especially focused on searching journals in-
cluding “odds ratio (OR).” The final number of articles used for this

study was 147.

A descriptive review was accomplished by summarizing the
studies. Although we did not perform a meta-analysis because the
data and analyzing methods in the studies were heterogeneous, we
attempted to find a trend regarding the degree of risk of each factor

by using color scales.

Assessement items

Interdental clinical attachment loss

Severity Radiographic bone loss

Number of tooth loss due to
periodontitis

Probing depth
Horizontal bone loss
Vertical bone loss

Furcation involvement

Stage

CamE Ridge defect
Need for complex rehabilitation;
masticatory dysfunction, secondary
occlusal trauma (mobility degree >2)

Bite collapse, drifting, flaring

Less than 20 remaining teeth (10
opposing pairs)
Localized(<30% of teeth involved) or
Extent and generalized

distribution o
Molar/incisor pattern (tooth type)

Assessement items

Longitudinal data (radiographic bone

loss or clinical attachment loss)
Prima
y ry % bone loss/age
criteria
Case phenotype (level of destruction
following biofilm deposits)

Grade

Smoking
Grade

modifiers
Diabetes

Category of factors

Risk predictor (marker). Could be risk factor or prognostic

factor

Risk predictor. Could be risk factor or prognostic factor
Risk predictor. Could be risk factor or prognostic factor
Risk predictor. Could be risk factor or prognostic factor
Risk predictor. Could be risk factor or prognostic factor
Risk predictor. Could be risk factor or prognostic factor
Risk predictor. Could be risk factor or prognostic factor

Probably risk predictor
Risk predictor

Risk predictor

Risk predictor. Could be risk factor or prognostic factor
Risk indicator

Risk predictor
Category of factors

Could be risk factor or Prognostic factor
Risk predictor

Risk factor (determinant)
Risk factor and prognostic factor

Risk factor and prognostic factor

Periodontitis stage

I Il Il Y
1-2 mm 3-4 mm 25 mm =5 mm
Extending fo mid-third of Extending to mid-third of
<15% 15-33%
root and beyoud root and beyoud
0 0 <4 teeth 25 teeth
<4 mm <5mm 26 mm =6 mm
Mostly Mostly Combined Combined
23 mm =3 mm
Class Il or Il Class Il or Il
Moderate Severe
Combined
Combined
Combined
Periodontitis grade
<2 mm loss over 5 =2 mm loss over 5
No loss over 5 years
years years
<0.25 02510 1 >1.0

Commensurate level

Low level of destruction . Exceeded destruction
of destruction

Non-smoker <10 cigarettes/day 210 cigarettes/day

Normoglycemic HbA1c <7% HbA1c >7%

Table 1: All assessment items in the 2017 classification of periodontitis were organized according to the definition of terms from the

perspective of risk factors and prognostic factors. The categories were distinguished and categorized based on Locker, et al. 1998, Beck
1998, Heitz-Mayfield., et al. 2005, Eickholz., et al. 2008 and Genco., et al. 2013.
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Review

The 2017 classification includes 12 contributing factors related
to risk and prognosis, which are clinical attachment loss (CAL),
bone loss (BL), %bone loss/age, TL, probing depth (PD), furcation
involvement (FI), secondary occlusal trauma along with mobility
of degree=2, molar/incisor pattern, bite collapse, smoking, dia-
betes and case phenotype (Table 1). While smoking, diabetes and
case phenotype are patient-related factors, the remaining factors

are tooth-related factors.

Patient-Related Factors

Smoking

Although Labriola,, et al. concluded that there is no evidence
for difference in gain in clinical attachment and a reduction of
bleeding on probing (BOP) between smokers and nonsmokers
after nonsurgical therapy [10], most papers about smoking have
revealed that smoking does have negative impacts on periodontitis
and therapy [11]. It is already well known why smoking has many
adverse effects on the periodontium. Chemotactic migration and
phagocytic ability of polymorphonuclear leukocytes can be nega-
tively affected by smoking [12]. Eggert., et al. argued that smoking
creates molecular byproducts which interfere with mechanisms
that suppress growth of harmful bacteria in gingival crevices. They
concluded that smoking can promote periodontal lesions and in-
creases the risk of development and progression of periodontitis

[13]. Their claim has been confirmed by other research [7].

For this reason, smokers have higher risk ratio (RR) than non-
smokers regarding TL and disease progression [14]. Analyzing re-
lated papers using a color scale showed that the risk of periodon-
titis and TL increased dose-dependently and time-dependently. In
addition, we found that 220 and =30cigaerettes/day also increased
the risk but were not included in the 2017 classification (Table 2).

Diabetes

There has been much evidence supporting that diabetes is
a strong risk factor for periodontitis [15]. While periodontitis is
initiated by biofilm, most of the destruction comes from host im-
mune response against bacteria. There are several mechanisms
through which diabetes is related to periodontitis. One of them
is the activation of chronic host immune system, which increases
pro-inflammatory cytokines and causes damage to the microvas-
cular endothelium. It then could destruct periodontal tissue after

promoting alterations of normal periodontium. Even though Matu-
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liene., et al. reported that the OR of periodontal disease progression
for patients with diabetes was 0.7, [16] the ORs of diabetes in most
research for relationship between diabetes and periodontitis is ap-
parently high [17]. We used a color scale to evaluate the relation-
ship between diabetes and periodontitis, and as HbA1c increased,

the risk of periodontitis and TL clearly increased (Table 3).

Case phenotype

The characteristics of a disease varies from patient to patient
due to different phenotypes [18]. The phenotype is the observable
expression of a person’s genotype, and each expression is affected
by both their genotype and the surrounding environment [19].
Periodontitis, which is a multifactorial disease, also has a diverse
phenotype across patients. Toxin producing bacteria and environ-
mental factors are mainly related to periodontitis, but genetic fac-
tors are also involved in the etiology and characteristics of peri-

odontitis as well [20].

In terms of adult periodontitis, it is estimated to have about 50%
heritability following adjustments for behavioral variables [21].
Laine., et al. reported that polymorphisms in the IL-1, IL-6 and IL-
10 genes may be associated with chronic periodontitis susceptibil-
ity [22]. We performed a review of research related to well-known
genetic factors like the IL-1 genotype and neutrophil abnormalities
(Table 4). Phenotype/genotype were clearly associated with peri-
odontitis, and the risk became significantly greater when environ-
mental factors such as smoking were involved [23,24]. However, we
failed to find articles assessing the RR regarding the relationship

between biofilm and phenotype.

Tooth-related factors
Probing depth/clinical attachment loss

Although there have been some research that PD has little pre-
dictive capacity and diagnostic accuracy [25], there are many lon-
gitudinal studies concluding that increased PD is associated with
future CAL [26]. The categories of stage regarding PD that consider
the complexity in the 2017 classification is divided into three situ-
ations: <4mm, <5mm, and 26mm. According to most research, PD
of <3mm was considered as normal or mild periodontitis, PD of
4~6mm was regarded as moderate periodontitis, and PD of 27mm
was assumed as severe periodontitis [16]. A color scale showed
that the risk tends to increase as the PD deepens. PD<3mm and
PD>7mm affected the risk of TL and BL, but this was not included
in the 2017 classification (Table 5).
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In terms of CAL, the categories of stage regarding CAL in the
2017 classification is divided into three situations: 1~2mm,
3~4mm, and =5mm. Using a color scale, we found that the risk
tends to increase as CAL increases. CAL=6mm affected the risk of
TL and further attachment loss, but this was also not included in
the 2017 classification (Table 5).

Bone Loss and %bone loss/age

The 2017 classification includes baseline radiographic BL for
stage and longitudinal BL data for grade. The category of baseline
BL is divided into three situations: <15%, 15~33%, and extending
mid-third of root length and beyond. When categorizing BL, dif-
ferent authors have used slightly different ways to divide the cat-
egories for periodontitis. Martinez-Canut divided BL into 3 catego-
ries to evaluate the rate of TL: BL <30%, 30~50%, and >50%, [27]
and Graetz., et al. also used 4 categories: <25%, <50%, <75%, and
>75%.%8 There were few studies that investigated the RR according
to the degree of BL, so this study could not evaluate the risk of dif-

ferent levels of BL on periodontitis.

In terms of %BL/age, the 2017 classification divides %bone
loss/age into <0.25, 0.25 to 1.0, and >1.0. Unfortunately, not many
studies have assessed the relationship between %bone loss/age
and RR. Lang, et al. divided %bone loss/age into 6 categories:
0.25,0.5,0.75,1, 1.25, and >1.5 for his periodontal risk assessment
(PRA) model and considered <0.5 as low risk, 0.5~1.0 as moderate
risk, and >1.0 as high risk [8]. Jansson.,, et al. also used %bone loss/
age and divided the categories into 0, 0.5, and 1 [29]. Hirata,, et al.
reported that the hazard ratio (HR) was 3.19 when %bone loss/
age is 21.0 compared to <1.0 [30].

Number of tooth loss due to periodontitis

The 2017 classification divided the number of TL into 3 situa-
tions: no TL for stage [ and 1], TL of <4 teeth for stage III, and TL of
=5 teeth for stage IV [1]. Although Lang,, et al. adopted the number
of TL in PRA based on the concept of shortened dental arch (SDA)
related to occlusal unit [8,31], we could not find studies assess-
ing the relationship between SDA and periodontal risk. However,
using modified PRA, Hirata., et al. reported that the HR was 4.06
when number of TL was 28, compared to <8. Using therapy-resis-
tant periodontitis assessment, they reported that the HR for TL of
=8 for favorable prognosis was 3.70, while the HR for TL of =8 for
poor prognosis was 20.17 [30]. Thus, although the number of TL
does seem to be a risk factor for periodontitis in a positively cor-

related manner, the relationship of periodontitis with the concept
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of occlusal unit has not been sufficiently assessed and further re-

search is needed.
Furcation involvement

FI is one of tooth-related factors that affect both TL and BL,
since furcation involved teeth respond less favorably to periodontal
treatment than molars without FI or single-rooted teeth and are at
greater risk for further attachment loss compared with other teeth
[32]. Therefore, the 2017 classification states that for FI, shifting to
a higher/lower stage is possible [1]. In risk analysis using a color
scale, associated articles clearly showed the tendency of increased

risk as the degree of Fl increased (Table 6).
Secondary occlusal trauma and mobility

There have been no studies assessing the risk of TL and peri-
odontitis following secondary occlusal trauma. In addition, al-
though Matuliene., et al. reported that the ORs increased to 1.5, 3.8,
and 5.3 as the degree of mobility increased to degree 1, 2, and 3,
[16], there have not been many studies on the risk of TL and peri-
odontitis according to the degree of mobility. Therefore, this study
could not evaluate the relationship between secondary occlusal

trauma along with mobility and the risk of periodontitis.
Molar/Incisor pattern (Tooth type)

Molar/incisor pattern is included to evaluate the extent and
distribution of stage and the case phenotype of grade in the 2017
classification. Molar/incisor patten is a typical indicator of juvenile
periodontitis (JP) which was included in the 1986 classification of
periodontal disease.** Studies on the effect of the molar/incisor
pattern caused by JP on TL or periodontitis were insufficient, so
it was not evaluated in this study. However, we evaluated several
studies on risks of periodontitis according to tooth type (Table 6).
The risk of molars is higher than incisors because the periodon-
tal structure of posterior teeth is more complicated, and the root

length is shorter than anterior teeth [34].

Miscellaneous Factors and Other Risk/Prognostic Factors
Which Are Not Included in the 2017 classification

It was difficult to review the remaining factors, such as mastica-
tory dysfunction, bite collapse, drifting, and flaring, because there
has not been any research assessing the risk of these factors to
periodontitis. However, posterior bite collapse, drifting, and flaring
of anterior teeth are important factors to periodontitis. Therefore,

while it is appropriate to include these factors to assess the com-
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plexity of periodontitis, further studies will be needed to provide

objective and sufficient data on these factors.

We also found several risk/prognostic factors that are not in-
cluded in the 2017 classification but are still important. They are
age, gender, BOP, alcohol, compliance, osteoporosis, and obesity.
They are summarized in table S2.

Discussion

According to our analysis, the 2017 classification contains es-
sential 3 patient-related factors consisting of smoking, diabetes
and phenotype, and principal 6 tooth-related factors including PD/
CAL, BL, the number of TL, FI, secondary occlusal trauma with mo-

bility, and molar/incisor pattern.

We utilized color scales to evaluate the risk of each factor. Since
different studies adopted different research methods, it was virtu-
ally impossible to perform a meta-analysis through data normal-
ization. Therefore, we chose to use color scales to see the general
trend towards the difference in the amount of risk posed by differ-
ent levels of each risk factor. Data visualization through the use of
color scales allows an intuitive understanding on a data set, and
color scales have recently been adopted in medical fields for their
potential for providing insight on complicated sets of data [35].
The color scales used in this study not only provides insight on the
degree of risk that different categories of each factor poses on peri-
odontitis, but also shows whether the categories of a risk factor are

divided in a reasonable way.

A color scale can be used for mainly 4 types of data: normal
data, ordinal data, interval data and ratio data [35]. For this study,
we used them to visualize ORs reported in various papers, which
made it possible to recognize categories of risk factors that were
not included in the 2017 classification but were reported to have
a statistically significant difference in their risks on periodontitis.
For example, while the 2017 classification only classifies smoking
up to 210 cigarettes/day, analysis using a color scale showed that
the risk rapidly increases in categories of 220 and 230 cigarettes/
day (Table 2).

Smoking is a patient-related factor and affects the onset of peri-
odontitis, the progression of periodontitis, periodontal therapy,
and even maintenance [5]. As a result of analyzing related articles
using a color scale, the risk of periodontitis and TL increased in a
dose-dependent and time-dependent manner (Table 2). The 2017
classification divides smoking into 3 categories: nonsmoker, 1~9,

210 cigarettes/day [1]. However, many articles on smoking have
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divided smokers in their own way, and the common categories for
smoking were nonsmoker, former smoker (FS), less than 10 ciga-
rettes/day, 10 to 19 cigarettes/day, and 20 cigarettes or more/day
[8]. In addition, the duration of smoking cessation also affected the
risk for TL and periodontitis. Krall,, et al. reported that the HR was
significantly higher up to 9 years after quitting smoking, and the
HR became similar to that of non-smokers after at least 13 years
[36]. Thus, it seems appropriate to include the category of FS into
the 2017 classification. Also, as mentioned earlier, the risk of peri-
odontitis increased further in 220 cigarettes/day, which makes it

necessary to also add the category of 220 cigarettes/day.

For diabetes, the color scale showed that as HbAlc increased,
the risk of TL and the progression of periodontitis increased (Table
3). The 2017 classification categorizes diabetes into 3 situations:
normoglycemic, HbAlc < 7.0%, and HbAlc 2 7.0%. According to
the 2020 American Diabetes Association guideline, HbAlc of
5.7~6.4% are diagnosed as prediabetic, and HbAlc = 6.5% is diag-
nosed as diabetic [37]. As shown in table 3, the 2017 classification
does not include HbA1lc 6.5~7%. Moreover, there is no additional
categories above 7%, although the risk increases up to 29% [17].
Therefore, it seems appropriate to add these categories to the 2017

classification.

We also performed a systematic review to find out the charac-
teristics of phenotypes resulting from the relationship between
environmental factors and genotypes. Unfortunately, to our best
knowledge, no studies have assessed the risks of various case
phenotypes on periodontitis. However, it was possible to conduct
a systematic review regarding the relationship between geno-
type and periodontitis (Table 4). There are many genetic markers
which affect periodontal disease such as the IL-1 genotype, tumor
necrotic factor-a, and neutrophil abnormalities. Among them, IL-1
is the genetic factor that is most likely associated with periodonti-
tis [23]. Despite the controversy, most articles have reported that
IL-1 genotype increased the risk for TL and periodontitis [23,24].
Furthermore, the risk of periodontitis becomes much greater when
genetic factors such as IL-1 are combined with environmental
factors. McGuire reported that a positive IL-1 genotype alone in-
creased the risk of TL by a factor of 2.66, while heavy smoking on
its own increased the risk by a factor of 2.88. However, the com-
bined effect of IL-1 genotype positive and heavy smoking increased
the risk of TL by a factor of 7.7 [23]. McDevitt,, et al. reported that
former moderate smokers who were IL-1 genotype positive had an

increased odds of having moderate to severe periodontitis of 1.68
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compared to non-smokers or former light smokers who were IL-1
genotype negative, and they concluded that there was a statisti-
cally significant interaction between past smoking history status
and IL-1 genotype status [24]. Therefore, it seems that adopting
the concept of phenotype in the 2017 classification is essential for

accurate diagnosis and prognosis of periodontitis.

We also analyzed tooth-related factors included in the 2017
classification. The color scale shows that, as PD increases, the risk
for periodontitis and TL tends to increase (Table 5). Therefore, it is
reasonable that the 2017 classification includes PD, which is easy
to measure and evaluate in clinics. However, future adjustments
seem necessary as studies have reported that the risk of PD < 3mm
was lower than the risk of PD > 3mm and the risk of PD 2 7mm was
higher than the risk of PD < 7mm [16].

Regarding CAL (for stage), it is indisputable that CAL is a much
more reliable parameter of severity of periodontitis than PD [38].
Comparing various articles with a color scale, it was confirmed that
the risk increases as CAL increases. Since the OR also increases fur-
ther in CAL of more than 6~10mm and =10mm, the categories of
the 2017 classification needs to be adjusted (Table 5) [16].

In terms of longitudinal CAL data (for grade), there has not
been many studies about the threshold of disease progression rate.
Loe,, et al. judged the difference between no progression and mild
periodontitis based on attachment loss of 2mm [39]. Joss., et al.
regarded attachment loss of 22mm as the indicator of disease pro-
gression.* The 2017 classification says CAL of 2mm over 5 years
is the criterion for the progression of periodontitis. If CAL of 2mm
occurs additionally in stage I where CAL is <2mm, CAL progresses
to 3~4mm and becomes stage I1. If CAL of 2Zmm occurs additionally
in stage Il where CAL is 3~4mm, CAL progresses to 5~6mm and
becomes stage III. Therefore, setting 2mm of CAL as the threshold
is not only consistent with other studies, but also within the 2017
classification, as the grade system is coherent with the stage sys-

tem.

The 2017 classification categorized BL into 15%, 15~33%, and
extending to mid-third of root and beyond. Pretzl,, et al. used 4 cat-
egories to assess the rate of TL: BL = 20%, 40%, 60%, and 80%
and they reported that the OR of BL for TL was 2.4 [32]. Faggion.,,
et al. also reported that the OR of reduced alveolar bone levels for
each 1% increment was 1.04 [15]. However, since there have been
few studies investigating the RR according to the degree of BL, ad-

ditional studies are needed. In addition, the 2017 classification in-
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cludes %BL/age instead of age. Although there is controversy, most
studies have assumed that increase in BL with age is not due to the
risk of aging, but because of the accumulation of periodontal tissue
destruction as one ages [3]. Thus, it is a brilliant attempt to adopt
%BL/age as the primary criterion for judging the progression of
disease, but due to lack of data, it is necessary to verify the risk of

%BL/age through additional research.

Regarding the number of TL, Lang and Tonetti adopted the
number of TL as a risk factor based on SDA [8]. The concept of SDA
explains that at least 20 teeth including anterior teeth are neces-
sary to safely maintain dentition for a prolonged time [31]. Kayser
defined one occlusal unit as a pair of two occluding premolars and
two occlusal units as a pair of two occluding molars. He conclud-
ed that four occlusal units including anterior teeth are absolutely
necessary for esthetics, stable TM], and occlusion [31]. Following
Kayser’ research, Lang,, et al. considered <4 teeth loss as low risk,
>4 to 8 teeth loss as moderate risk, and loss > 8 teeth as high risk
[14]. However, to our best knowledge, there has not been any re-
search on whether the number of TL is an appropriate indicator of
the severity of a disease or not. Therefore, although the 2017 clas-
sification adopts number of TL as a parameter to evaluate severity

of periodontitis, further research is needed.

Regarding FI, Matuliene,, et al. reported that the ORs of FI [, II,
and III for TL were 2.3, 4.8 and 12.3, respectively [16]. Salvi,, et al.
reported that the ORs of FI Il and Il are 2.92 and 6.85. In the case
of non-compliers who did not visit their dental office, the ORs of FI
[Tand Il increased to 10.11 and 17.18, respectively [41]. Therefore,
although most PRA models do not utilize FI as one of risk factors
[29], it is reasonable that FI is included in the 2017 classification,

as the risk tends to increase as the degree of FI increases (Table 6).

The 2017 classification has another peculiar characteristic. Al-
though it is a diagnostic system, it is possible to estimate a certain
degree of disease progression and TL. The 2017 classification is
created as a 2-vector system using stage and grade [1,42]. However,
we found that as the 2 vectors are combined, a third vector is spon-
taneously generated, which represents the prognostic capability of
the 2017 classification (Figure 1A). To better illustrate this finding,
we aligned the 2017 classification with McGuire’s prognostic sys-
tem and compared the sets of stage and grade with each prognostic
category using a color gradient scale (Figure 1B, 1C). As periodon-
titis is a multifactorial disease, a clear and simple periodontal prog-
nostic system which can be easily used by clinicians has not yet

been developed. Since the 2017 classification has a limited prog-
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nostic capacity, it seems reasonable to review previous prognostic
systems and compare them with the 2017 classification to verify

the effectiveness of its prognostic function in clinical settings.

Conclusion

Unlike previous diagnostic systems, the 2017 classification
utilizes both risk and prognostic factors, which allows an accu-
rate diagnosis of periodontitis. In this study, we have conducted
a systematic review of risk and prognostic factors to verify the ef-
fectiveness of the 2017 classification. We concluded that essential
3 patient-related factors and principal 6 tooth-related factors for
diagnosis are included in the 2017 classification and that the cat-
egories of each factor are mostly consistent with other literature.
Although the 2017 classification is somewhat complicated and
does not perfectly account for every situation, it is highly valuable
from the perspective of clinical application, because not only does
it provide an accurate diagnostic capacity, it also contains a prog-
nostic capability to a certain degree. Overall, we find that the 2017
classification includes much information and therefore is a highly

efficient system for clinicians.
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