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Abstract
Response surface methodology (RSM) consists of mathematical and statistical techniques to develop models which help to understand the 
influence of various factors on a dependent variable of interest. The feasibility of RSM use to detect cases of periodontitis and its correlated 
factors has not yet been evaluated. This study developed mathematical models for periodontitis diagnosis independent of periodontal probing 
using the RSM. Demographic, socioeconomic, behavioral, systemic, local factors, and periodontitis were assessed in 176 volunteers. 
Periodontitis case was defined according to three different definitions: 1) ≥3 sites with clinical attachment level (CAL) ≥4 mm; 2) at least one 
site with CAL ≥4 mm and bleeding on probing; 3) ≥2 proximal sites with CAL ≥3 mm and ≥2 proximal sites with probing depth (PD) ≥4 mm 
(not on the same tooth) OR 1 site with PD ≥5 mm. 4th-degree polynomial equations showed high coefficients of determination (R²= 1) and 
were used to represent the mathematical models of periodontitis cases. According to definition 1, the diagnosis of periodontitis was accurate 
by including in the model: age, sex, education level, plaque index (PI), number of missing teeth, previous hygiene instructions, and body mass 
index (BMI). According to definition 2, the diagnosis of periodontitis was accurate by including in the model: age, sex, education level, income, 
PI, previous oral hygiene instructions, frequency of brushing and type of toothbrush, and use of mouthwash in the model. For an accurate 
diagnosis of periodontitis according to definition 3, the model included: age, education level, IP, number of missing teeth, previous oral hygiene 
instruction, BMI, and diabetes. The multifactorial mathematical models were able to diagnosis periodontitis according to different periodontitis 
case definitions using only variables of easy evaluation and non-invasive. 
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Resumo
A metodologia de superfície de resposta (MSR) consiste em técnicas matemáticas e estatísticas para desenvolver modelos que ajudam a entender 
a influência de vários fatores em uma variável dependente de interesse. A viabilidade do uso da MSR para detectar casos de periodontite e seus 
fatores correlacionados ainda não foi avaliada. Este estudo desenvolveu modelos matemáticos para diagnóstico de periodontite independente 
da sondagem periodontal usando a MSR. Fatores demográficos, socioeconômicos, comportamentais, sistêmicos, locais e periodontite foram 
avaliados em 176 voluntários. O caso de periodontite foi definido de acordo com três definições diferentes: 1) ≥3 locais com nível de inserção 
clínica (NIC) ≥4 mm; 2) Um local com NIC ≥4 mm e sangramento à sondagem; 3) ≥2 locais proximais com NIC ≥3 mm e ≥2 locais proximais 
com profundidade de sondagem (PS) ≥4 mm (não no mesmo dente) OU 1 local com PS ≥5 mm. Equações polinomiais de 4º grau apresentaram 
altos coeficientes de determinação (R²= 1) e foram utilizadas para representar os modelos matemáticos dos casos de periodontite. De acordo 
com a definição 1, o diagnóstico de periodontite foi preciso ao incluir no modelo: idade, sexo, escolaridade, índice de placa (IP), número de 
dentes perdidos, instruções de higiene anteriores e índice de massa corporal (IMC). De acordo com a definição 2, o diagnóstico de periodontite 
foi preciso ao incluir no modelo: idade, sexo, escolaridade, renda, IP, instruções prévias de higiene bucal, frequência de escovação e tipo de 
escova dental e uso de enxaguatório bucal no modelo. Para um diagnóstico preciso de periodontite de acordo com a definição 3, o modelo 
incluiu: idade, escolaridade, IP, número de dentes perdidos, instrução prévia de higiene oral, IMC e diabetes. Os modelos matemáticos 
multifatoriais foram capazes de diagnosticar a periodontite de acordo com diferentes definições de casos de periodontite usando apenas 
variáveis de fácil avaliação e não invasivas.
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1 Introduction 

Full-mouth periodontal examinations are considered 
the gold standard to determine the periodontal status of an 
individual1. This evaluation is based on the measurement of 
distance from the gingival margin to the coronal aspect of the 
junctional epithelium and the history of attachment loss up to 
the point in time of the examination 2. However, a complete 
mouth examination can be time-consuming and resource-

intensive for dental hygienists and dentists and distressful 
for the patient. Furthermore, many factors can influence that 
measurement, such as probing reproducibility, probing force, 
probe angulation, gingival health status, and probe type2. 

Surveys in different areas have used the response surface 
methodology (RSM) to optimize processes and reduce the cost 
and time of experiments3-8. The RSM consists of mathematical 
and statistical techniques to develop an adequate functional 
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relationship between a response of interest and several 
associated (or input) variables9. RSM allows computer 
simulations to be carried out, involving many variables that 
simultaneously show complex interactions among them. The 
result of these simulations provides optimized models, capable 
of determining the influence of several variables on the results 
of the system or process under analysis 5. In medical research, 
especially in anesthesiology and pharmacology, RSM has been 
used to analyze drug interactions, pharmacodynamics and 
toxicity3,4,6-8. RSM has been applied to find drug combinations 
that increase efficacy, decrease doses while keeping the same 
effectiveness, and decrease toxicity6,8. 

To our knowledge, RSM has not been used to identify 
factors correlated to periodontitis or to create mathematical 
models for periodontal diagnosis. This study developed 
multifactorial mathematical models for periodontal diagnosis 
based on three different case definitions of periodontitis, 
considering only variables of easy and non-invasive evaluation 
by using RSM.

2 Material and Methods

This study was conducted following the World Medical 
Association Declaration of Helsinki and was approved by 
the Brazilian Research Ethics Committee of the Ministry of 
Health, Brasilia, Brazil (register no. 505/2011; process no 
25000.066822/2011-45). 

2.1 Data collection

Two hundred twenty individuals aged 19 years and older 
from the state of Bahia, in Northeast Brazil, were assessed. 
Medical exclusion criteria included conditions that require the 
use of antibiotics before periodontal probing. However, none 
of the individuals met the exclusion criteria. 

The fieldwork was performed between 2011 and 2017. 
Before the periodontal examination, in-person interviews 
were conducted by 2 trained nurses to collect standard data 
on demographic and socioeconomic status as well as other 
habits and health-related data using a structured written 
questionnaire. A fasting blood glucose test was performed on 
all individuals (OneTouch Ultra Mini, Lifescan, Milpitas, CA, 
USA), and the height and weight were measured (kilograms 
per meter squared).  Bodyweight and height were measured 
to the nearest 0.1 kg and 0.1 cm, respectively, using an 
anthropometric scale (Welmy, São Paulo, Brazil). Patients 
were required to stand barefoot, wear light clothes, and look 
out into the Horizon.

Four calibrated periodontists, assisted by four trained 
undergraduate students from the Dental School of the Federal 
University of Bahia, performed the clinical examinations. The 
intraclass and interclass correlation coefficient (ICC) values 
revealed intraexaminer and interexaminer reproducibility on 
site level (Intraexaminer: ICC ≥ 0.81; Interexaminer: ICC ≥ 
0.75). 

Clinical examinations were performed using a headlight 

(Turboled, Nautika, São Paulo, São Paulo, Brazil) with the 
individuals seated on regular chairs in schools and health care 
facility offices. 

All permanent fully erupted teeth, except the third molars, 
were examined using a manual periodontal probe (PCP-UNC 15, 
Hu-Friedy, Chicago, IL, USA). Probing depth (PD) and gingival 
margin level relative to the cementoenamel junction (CEJ-GM) 
were measured at 6 sites per tooth (mesio-buccal, mid-buccal, 
disto-buccal, disto-lingual, mid-lingual, and mesio-lingual). 
Measurements were made in millimeters and rounded to the next 
whole millimeter. Clinical attachment level (CAL) was calculated 
as the sum of the PD and CEJ-GM measurements. Plaque index 
(PI) was defined as visible dental plaque/biofilm10.

2.2 Data analysis

Data analysis was performed using modeFRONTIER 
software (ESTECO North America, Miami, United States of 
America) to determine the model/mathematical equation that 
best explains the observed relationship between periodontitis 
and input variables analyzed.

Three output variables were established based on 
definitions of the case of periodontitis: 1) 3 or more sites with 
CAL ≥ 4 mm11; 2) at least 01 site with CAL ≥ 4 mm, and 
bleeding on probing12; 3) ≥ 2 proximal sites with CAL ≥ 3 
mm and ≥ 2 proximal sites with PD ≥ 4 mm (not on the same 
tooth) OR 1 site with PD ≥ 5 mm13 .

Fifteen input variables were included in the mathematical 
model as follows: age, sex, education level, income level, 
plaque index (PI), number of missing teeth, nicotine 
dependence, alcohol dependence, body mass index, 
hypertension, diabetes, frequency of brushing and flossing, 
type of toothbrush, use of mouthwash, and previous oral 
hygiene instruction. Age, education level, monthly income, 
number of missing teeth, body mass index were analyzed 
as continuous variables. Frequency of brushing and flossing 
were classified as at least once daily or less than once.  Type 
of toothbrush was classified as soft or hard. Daily use of 
mouthwash was categorized as yes or no. Body mass index 
(BMI) was calculated as weight divided by height squared 
(kilograms per meter squared)14. Individuals were classified as 
current non-smokers or smokers. PI was classified as < 40% or 
≥ 40% (adapted from Torrungruang et al. 2005)15. Individuals 
were considered diabetic by self-reported physician diagnosis 
or when fasting blood glucose ≥126 mg/dL was associated with 
diabetes symptoms (increased thirst, increased urination, and 
unexplained weight loss). Otherwise, they were considered 
non-diabetic. Hypertension was classified as: SBP ≥ 139 and 
DBP ≥ 89 mmHg; or non-hypertension systolic blood pressure 
(SBP)16. According to the Fagerstrom Test for Nicotine 
Dependence17 and the Alcohol Use Disorders Identification 
Test (AUDIT)18, the individuals were categorized as nicotine 
or alcohol dependent, respectively.

After importing the data from excel to modeFRONTIER 
software, cases with missing data were excluded. Thus, 
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from an initial sample of 224 subjects, only 176 cases were 
considered for the statistical analysis. The evaluation of the 
correlation between input and output variables was performed 
by RSM. In the first stage of the analysis, the algorithm 
Smoothing Spline ANOVA” (SS-ANOVA) screened input 
variables in all output variables. Based on the results of the 
correlation matrix provided by the SS-ANOVA algorithm, a 
diagram was generated with the relative weight of the input 
variables. Thus, indicating the degree of relevance of each 
variable involved in the process. The independent variables 
are displayed on the x-axis of the diagram. The weight of the 
contribution of each factor to the answer is recorded on the 
y-axis. The sum of all values is equal to 1. 

The second stage was of polynomial regression. At this 
stage, the program defined the coefficients of the equations 
and created polynomial equations. This is the step responsible 
for the reduced number of input variables. The third and final 
stage was to assess the representativeness of the model. At this 
stage, we evaluated the coefficients of determination (R²) and 
the residue curves. These are the parameters responsible for 
checking whether the model fit is appropriate. The R² measures 
how much the model explains the dependent variable. The 
higher R² value, the more it can explain the variation in the 
response variable. The evaluation of the residue curves is 
essential to know if the regression analysis results produced 
a fitted model.

All these meta-model polynomial analyses were 
repeated excluding the input variables with less relevance, 
by considering the SSANOVA screening, one by one, until 
finding the equation that best represented the model. 

3 Results and Discussion

All cycles of meta-model polynomial analysis showed 
that the 4th degree polynomial equations had the highest 
coefficients of determination (R²= 1) and a maximum absolute 
error equal to or close to zero in all multifactorial models. 
This result could demonstrate the relationship between the 
output (Periodontitis Case) and input variables. Agreement 
between the clinical periodontal diagnosis and the result of 
the mathematical model was observed in 100% of the 176 
individuals. 

Tables 1, 2 and 3 show the effect of the factors in the 
measured output variable. The figures 1, 2, and 3 illustrate 
the participation of each input variable established by 
SSAnova screening in each outcome analyzed. According to 
case definition 1, periodontitis diagnosis was accurate when 
the following factors were included in the model: age, sex, 
education level, PI, number of missing teeth, previous oral 
hygiene instructions, and BMI (Table 1). Education level had 
the highest weight for the mathematical model (Figure 1). 

Table 1- RSM analysis results involving different input variables 
to the output variable Definition 1 of periodontitis
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Source: research data. 

Figure 1 - Diagram with the relative weight of the input variables 

of the output variable Definition 1 of periodontitis (ZABOR et 

al., 2010), provided by SSAnova

Source: research data. 

Case definition 2 was accurate for periodontitis diagnosis, 

including age, sex, education level, income, PI, previous 

oral hygiene instructions, frequency of brushing and type of 

toothbrush, and use of mouthwash in the model (Table 2). 

Education level had the highest weight for the mathematical 

model (Figure 2). 

Table 2- RSM analysis results involving different input variables 

to the output variable Definition 2 of periodontitis
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Table 3- RSM analysis results involving different input variables 
to the output variable Definition 3 of periodontitis
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Source: research data.

Figure 3 - Diagram with the relative weight of the input variables 
of the output Variable Definition 4 of periodontitis (EKE et al., 
2012), provided by SSAnova.

Source: research data.

Using the RSM, this study developed and validated 
mathematical models for periodontitis diagnosis without 
periodontal probing evaluation. High representability for 
the three multifactorial mathematical models was observed. 
Therefore, the models could detect periodontitis based on 
demographic, socioeconomic, behavioral, systemic and local 
factors without requiring periodontal probing measurements. 

The output variable of the model was the periodontitis case 
definition. There is no consensus regarding the best definition 
for periodontitis cases. A case definition system should 
facilitate identifying, treating, and preventing periodontitis 
in individual patients. Also, three components should be 
included: Identification of a patient as a periodontitis case; 

A
ge Se
x

Ed
uc

at
io

n 
Le

ve
l

In
co

m
e

Pi

Pr
ev

io
us

 O
ra

l H
yg

ie
ne

 In
st

ru
ct

io
ns

Fr
eq

ue
nc

y 
O

f B
ru

sh
in

g

Ty
pe

 O
f T

oo
th

br
us

h

U
se

 O
f M

ou
th

 W
as

h

N
um

be
r O

f F
ac

to
rs

Po
ly

no
m

ia
l D

eg
re

e

R
^2

 (R
eg

re
ss

io
n)

M
ax

im
um

 A
bs

ol
ut

e 
Er

ro
r

M
ea

n 
A

bs
ol

ut
e 

Er
ro

r

              
              
              
              
              
              
              
              
              
              

Source: research data.

Figure 2 - Diagram with the relative weight of the input variables 

of the output Variable Definition 2 of periodontitis (Baelum & 

López 2012), provided by SSAnova

Source: research data. 

Case definition 3 showed accuracy for periodontitis 

diagnosis when including the following factors: age, 

education level, IP, number of missing teeth, previous oral 

hygiene instruction, BMI and diabetes (Table 3). The age had 

the highest weight for the mathematical model (Figure 3). 
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optimizing time and resources in research and public health.

4 Conclusion
In conclusion, the multifactorial mathematical models 

developed could diagnose periodontitis according to different 
periodontitis case definitions using only variables with easy 
evaluation and non-invasive. Education level, age and plaque 
index variables presented the highest weight in the model. 
Further studies are necessary to validate these models in 
different populations.     
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