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Abstract. Prognostic model of early inflammation development in periodontal tissues by biochemical parameters
of oral fluid in patients with orthodontic appliances. Kovach L.V., Kopchak O.V., Buniatian K.A.,
Kriachkova L.V., Alieksieienko N.V., Bindiugin O.Yu. One of the main etiological risk factors and pathogenetic
mechanisms for the development of inflammatory diseases of the periodontal disease is a bite pathology or dentofacial
anomalies. Therefore, in recent years, scientists make attempts to find new markers that would allow to predict the
course of the disease at the preclinical stage of its diagnostics, which would allow to take preventive treatment. In
recent years, individual proteins of the mouth, which include matrix metalloproteinases (MMP-8), which can hydrolyze
the main proteins in extracellular space and lactoferrin, catelitsidine, KLOTHO protein should be considered leading
markers. The purpose is to predict the emergence of early inflammation in periodontal tissues in patients with non-
removable orthodontic appliance by studying protein content in the oral fluid in the dynamics of treatment. Among the
113 patients surveyed by us, which underwent orthodontic treatment with non-removable appliance, according to
clinical and laboratory studies, 82 people (72,57%) had signs of early inflammation of periodontal tissues. All exa-
mined young people were students or students of educational institutions who appealed for advice and treatment to a
dental clinic. Biochemical studies of oral fluid and their analysis was conducted at the beginning of orthodontic
treatment and 3 and 6 months after the delivery of non-removable orthodontic appliance. The oral fluid was collected in
the morning, and the quantitative determination of proteins in it was carried out by the IFA method. In order to assess
the probability of prognostication of early inflammation in patients with orthodontic appliance, there was made rank
correlation analysis with the determination of the correlation coefficients of the disparity (rs), ROC analysis with the
determination of Optimal Cut-Off Point (OCP) — the value of the indicator for prediction and simple and multiple
logistic regressions with the calculation of the odds ratio and the construction of a prognostic model (logistics
regression equation). For the analysis of factors, on the basis of which it is possible to predict early inflammation of
periodontal tissues in patients with orthodontic appliance, a correlation analysis was performed, which showed that the
largest changes were in the biochemical parameters of the mouth, namely: MMP-8 (rs=0.58; p<0.001), lactoferin
(rs=0.45; p<0.001), catelitsidine (rs=-0.59; p<0.001) and KLOTHO protein (rs=-0.58;, p<0.001), with which
statistically significant correlations were established. ROC analysis was used to evaluate the discriminatory capacity of
the markers investigated, which showed the presence of statistically significant correlations with early signs of
inflammatory process in periodontal tissues. As a result of the correlation analysis, it has been found that the most
significant changes in the inflammatory process in periodontal tissues were in the biochemical parameters of the mouth,
such as MMP-8 (rs=0.58; p&lt; 0.001), lactoferin (rs=0.45; p&lit; 0.001), catholicidine (rs=-0.59; p&lt; 0.001) and
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Klotho protein (rs=-0.58; p&lt; 0.001), with which statistically significant correlations of average force were detected.
The chances of patients with non-removable orthodontic appliance for the development of inflammation in the
periodontal tissues are increased by 4.2 times.

Pedepart. IIpornocruyeckas Mo/ielb BOSHHKHOBEHHSI PAHHEr0 BOCIAJIEHUSI B TKAHSAX MAPOJOHTA Yy NALHEHTOB C
OPTOJOHTUYECKMMHU KOHCTPYKIMSIMM B MOJIOCTH PTa MO GHMOXMMHYECKHM IOKA3ATEJISIM POTOBOM SKUIAKOCTH.
Kosau U.B., Konmuak O.B., Bynsatsan K.A., Kpssukosa JI.B., Aiekceenko H.B., bungrorun A.FO. Oonum u3z ocnog-
HbIX DIMUONIOSUYECKUX (AKMOPO8 PUCKA U NAMOLEHEMUYEeCKUX MEeXAHUSMOB8 PA3GUMUsL 80CHAUMENbHBIX 3a001e6aHUl
napooonma AGNAEMC NAMOAO2Us. NpuKyca uiu sybouemocmmuvie anomanuu. Ilosmomy 8 nocieonue 2o0vl yyeHvie
NPEONPUHUMAION RONLIMKU HOUCKA HOBbIX MAPKEPOS, KOMOpble NO380UIL Obl BPOSHO3UPOSAMb MeyeHUe 3a001e6aAHUs
HA OOKIUHUYECKOM dmane e20 OUAZHOCMUKU, YO NO360AUL0 Obl 3AHUMAMbCSL NPEGEHMUBHbIM JleueHueM. B nociednue
2006l 8EOVWUMU MApPKepamu ciedyem cuumams omoeibHvle OelKu POmoGou HUOKOCMU, K KOMOPbIM OMHOCAMCA
MampuxcHvle memannonpomeunaszvl (MMP-8), komopwie Mocym 2udponu3oeams OCHOGHbIE OENKU 60 GHEKIEMOYHOM
npocmpancmee, u jnakmogeppun, kamenuyuouw, enrox Klotho. Ilenv — npoecnosupoganue 603HUKHOBEHUL DAHHE20
B0CNANEHUSL 8 MKAHAX NAPOOOHMA Yy NAYUEHMOE C HECHEMHOU OPMOOOHMUYECKOU annapamypoi nymem u3yyeHus
cooepaicanusi 6enKkos 8 pomosou xcuokocmu 6 ounamuxe jeuenus. Cpeou 113 00c1e006aHHbIX HAMU NAYUEHMOS,
KOMOPbIM NPOBOOULOCH OPIMOOOHMUYECKOe JeYeHUe ¢ NOMOWbIO HECHEMHBIX KOHCIMPYKYULL, N0 OAHHbIM KIUHUYECKO20
u nabopamoproeo ucciedosanuti, y 82 uenosex (72,57 %) umenucv npusHaxu paHHe20 S0CNANCHUS 6 MKAHAX
napoodonma. Bce obcrnedosanuvie Mon00ble 00U ObLIU YHEHUKAMU UL CIYOeHmamu y4eOHbIX 3a6edeHutl u obpa-
MUIUCH 3a KOHCYIbmMayuel u jedeHuem 8 CIoMamonoudeckyro KiuHuky. buoxumuueckue uccnredosanus u ux ananus
NPOBOOUNUCHL 8 POMOBOLL JHCUOKOCIMU NAYUEHMOB 8 Hayale OPMOOOHMUYECKO20 NeueHus u yepe3 3 u 6 mecsayes nocie
VCMAHOBKU HECLEMHOU OpmoOOHmuyeckol annapamypul. Pomosylo swcudkocms cobupanu ympom Hamowax, a
KoMuyecmeennoe onpeodeienue 6eikos 6 neti nposoounu memooom UDA. [[ns npedckazanus 8eposimuocmu panHe2o
80CHANCHUsL 8 MKAHAX NAPOOOHMA y NAYUEHMO8 C OPMOOOHMUHECKUMU KOHCPYKYUIMU Obll NpOoGedeH pPAH206blil
KOPPETIYUOHHBIIL aHaiu3 ¢ onpeoeienuem Kodpuyuenmos xopperiyuu Cnupmena (vy), ROC-ananus ¢ onpedenenuem
onmumanvHou mouku omcewenusi (Optimal cut-off point — OCP) — 3nauenue nokazamens Ojisi HPOSHO3d, U HPOCMYIO U
MHOJICECBEHHYIO IOSUCIUYECKUE PeSPeCcCUU ¢ PACYemom OMHOWEHUSI WAHCO8 U NOCIPOEHUEM NPOSHOCIUYECKOl MOOeaU
(ypasnenusi nocucmudeckou peepeccuu). J{ns ananuza hpaxmopos, Ha OCHOBAHUU KOMOPbIX MOJICHO NPOSHOUPOBAMb PAHHee
socnanenue mKanel napoOOHmMa y NAYUeHmOo8 C OPMOOOHMUYECKUMU KOHCMPYKYUAMU 8 NOLOCMU pmd, ObLl NpoeeoeH
KOpPenayUOHHbITL aHAaU3, NOKA3AGUWIUL, YMO HAUDOIbUIUE USMEHEHUs. UMENU caedylouue OUoXumudeckue noKazamenu
pomoeoii dicuokocmu, a umenHo: MMP-8 (rs=0,58; p<0,001), naxmogheppun (rs=0,45; p<0,001), kamenuyuour (rs =-0,59;
p<0,001) u 6enox Klotho (rs=-0,58; p<0,001), ¢ xomopvimu ObLIU YCMAHOGIEHbL CMAMUCHUYECKU 3HAYUMbLE
Koppenayuonnvle ceasu. ROC-ananuz npumeHAncs Onsd OYeHKU OUCKPUMUHAYUOHHOU CHOCOOHOCMU UCCIe008AHHBIX
MApPKepos, NOKA3AGWUX HAIUYUE CMAMUCIUYECKU 3HAYUMbBIX KOPPEISYUOHHbIX —C6sS13ell ¢ PAHHUMU NPUSHAKAMU
BOCNAIUMENLHO20 NPOYECCa 8 MKAHX NAPOOOHMA. B pe3ynvmame KOppersiyuonHo20 aHam3a YCmano8ieHo, Ymo Haubonee
BHAYUMbLE USMEHEHUsI NPU BOCNATUMENLHOM NPOYecce 8 MKAHSIX NAPOOOHMA UMEIOM MaKue OUOXUMUYEeCKUe NOKA3ameny
pomosotl scuokocmu, kak MMP-8 (rs=0,58; p&lit;0,001), rakmopeppun (rs=0,45; 2&it;0,001), kamenuyuoun (rs=-0,59;
2&lt;0,001) u 6enox Klotho (rs=-0,58; e&lt;0,001), ¢ xomopvimu Ovliu 0OHAPYIHCEHBI CPEOHel CUTbL, CIAMMUCIUYeCKU
3HayuMble Koppensiyuonmvie ceasu . Lllancel y nayuenmos ¢ necbeMHbIMU OPMOOOHMUYECKUMU KOHCIMPYKYUAMU 8 NOTOCTU
pma no nogooy pazeumust BOCRANEHUsI 8 MKAHAX RAPOOOHMA yeeruuusaiomces 6 4,2 pasa.

At the beginning of the 20th century scientists
considered general pathology and abnormal occlu-
sion to be the cause of the development of perio-
dontal diseases. However, accumulated epidemio-
logical and clinical data led to the formation of a
hypothesis about the significant role of certain risk
factors in the development and progression of
periodontal tissue diseases [1-2].

One of the main etiological risk factors and
pathogenetic mechanisms of the development of
periodontal inflammatory processes is bite pathology
or dentofacial anomalies [3-4]. It is known that a
high percentage of complications, namely the
development of inflammatory diseases in perio-
dontal tissues, are detected during or after ortho-
dontic treatment [5-6].

In recent years in numerous studies scientists
have tried to find new markers that would allow
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predicting the course of the disease at the stage of its
diagnosis, which would allow to conduct preventive
treatment [7]. Recently, individual proteins of the
oral fluid should be considered leading markers,
which include matrix metalloproteinases (MMP-8),
which can hydrolyze the main proteins in the
extracellular space, and lactoferrin, cathelicidin and
Klotho protein [8-13] .

The purpose of the work is to predict the
occurrence of early inflammation in the periodontal
tissues in patients with non-removable orthodontic
appliances by studying the protein content in the oral
fluid in the dynamics of treatment.

MATERIALS AND METHODS OF RESEARCH

Among the 113 patients examined, who underwent
orthodontic treatment with the help of fixed ortho-
dontic appliances, according to the data of clinical and
laboratory studies, 82 individuals (72.57%) were found

Ha ymosax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

to have signs of early inflammation in the
periodontal tissues. All the examined were pupils or
students of educational institutions and applied for
consultation and treatment to the dental clinic.
Biochemical studies and their analysis were carried
out in the oral fluid of patients at the beginning of
treatment, 3 and 6 months after the installation of
fixed orthodontic appliances. Oral fluid was
collected in the morning on an empty stomach, and
quantitative determination of proteins in it was
carried out by the ELISA method. To predict the
probability of early inflammation in the periodontal
tissues in patients with orthodontic appliances in the
oral cavity, a rank correlation analysis was per-
formed with determination of Spearman's correlation
coefficients (rs). To assess the discriminatory ability
of the studied markers, which showed the presence
of statistically significant correlations with early
signs of the inflammatory process, ROC analysis
was used to determine the optimal cut-off point
(OCP) — the value indicator for prediction and
simple and multiple logistic regression with the
calculation of the odds ratio and the construction of
a prognostic model (logistic regression equation).
The procedure strictly complied with the gene-
rally accepted standards of morality, the require-
ments for observing the rights, interests and personal
dignity of the research participants. There was no
risk to the research subjects during the performance of
the work. The research was conducted in accordance
with the principles of bioethics set forth in the Helsinki
Declaration "Ethical Principles of Medical Research
Involving Humans" and the "General Declaration on
Bioethics and Human Rights (UNESCO)". Research
participants were informed about all aspects related to
the purpose, tasks, methods and expected benefit of the
research. Laboratory and instrumental research

methods were generally accepted. Experimental studies
on humans were not used.

Statistical processing of research results was car-
ried out using biostatistics methods implemented in
Microsoft Excel software packages (Office Home
Business 2KB4Y-6H9DB-BM47K-749PV-PG3KT)
and STATISTICA 6.1 (StatSoftInc., serial number
AGAR909E415822FA). ROC analysis was perfor-
med in the software package MedCalc Statistical Soft-
ware trial version 19.2.6 (MedCalc Software bvba,
Ostend, Belgium; https://www.medcalc.org; 2020).

RESULTS AND DISCUSSION

In order to analyze the factors on the basis of
which it is possible to predict early inflammation in
the periodontal tissues in patients with orthodontic
apploiances, a correlation analysis was conducted,
which showed that the most significant changes
against the background of the inflammatory process
had the following biochemical indicators of the oral
fluid, namely: MMP-8 (rs=0.58; p<0.001), lacto-
ferrin (rs=0.45; p<0.001), cathelicidin (rs=-0.59;
p<0.001) and Klotho protein (rs=-0, 58; p<0.001),
with which statistically significant correlations of
medium strength were found.

The value of the area under the ROC curve was
interpreted as indicators of diagnostic accuracy
(Simundi¢ A-M., 2009): 0.9-1.0 — excellent, 0.8-
0.9 — very good, 0.7-0.8 — good, 0.6-0.7 — average,
0.5-0.6 — unsatisfactory; a value of 0.5 indicated the
prognostic unsuitability of the marker. The ROC
analysis data were presented as the average value of
the area under the ROC curve (AUC) with its 95%
confidence interval (95% CI), indicators of sensi-
tivity (Sensitivity — Se) and specificity (Specificity —
Sp) corresponding to the discriminatory points

The results of the ROC analysis are shown in
Table 1 and Figures 1-4.

Table 1

Evaluation of the possibilities of predicting early inflammation in patients
with orthodontic appliances in the oral cavity by biochemical indicators of oral fluid
(the results of ROC analysis and simple logistic regression analysis)

OR
. o,

Indicators AUC 95% CI AUC Se Sp COP (95% CI)

4.22

MMP-8, ng/ml 0.830 0.748- 0.894 <0.001 73.17 96.77 >3.56

2.15-8.31

. 1.23
Lactoferin, ng/ml 0.801 0.715- 0.870 <0.001 63.41 93.55 >75.38 1.12-1.35

Cathelicidin, pM 0.851 0.772- 0.911 <0.001 69.51 100.0 >0.45 2.22
> : : : : : : : 1.56-3.45

. 5.26
Klotho protein, ng/ml 0.833 0.751- 0.896 <0.001 69.51 96.77 >4.53 2.63-11.11

Notes: AUC (Area Under Curve) — area under ROC-curve; Se (Sensitivity); Sp (Specificity); OCP — Optimal cut-off point.
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Fig. 1. ROC curve for predicting early inflammation Fig. 3. ROC curve for predicting early inflammation
in patients with orthodontic appliances in the oral in patients with orthodontic appliances in the oral
cavity according to the level of MMP-8 (ng/ml) cavity according to the level of cathelicidin
Lactoferin, ng/ml Klotho protein, ng/ml
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Fig. 2. ROC curve for predicting early inflammation Fig. 4. ROC curve for predicting early inflammation
in patients with orthodontic appliances in the oral in patients with orthodontic appliances in the oral
cavity according to the level of lactoferrin (ng/ml) cavity according to the level of Klotho protein (ng/ml)
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The operational characteristics of the areas under
the ROC curves of all the investigated biochemical
indicators reached a statistically significant level
(p<0.001) and ranged from 0.800 to 0.900, which,
according to the generally accepted classification,
indicates their very good proognostic value in
predicting early manifestations of inflammation in
periodontal tissues in the presence of orthodontic
appliances in the oral cavity.

Statistically significant discriminative abilities
with regard to the prognosis of early mani-
festations of inflammation are revealed by all
investigated biochemical markers, the pairwise
comparison of which did not show the presence of
statistically  significant (p>0.05) differences
between them (Fig.5), however, it was deter-
mined that the best operational characteristics are
Klotho protein AUC=0.833 (95% CI 0.751-0.896),
sensitivity  69.51%, specificity 96.77%, and
cathelicidin AUC=0.851 (95% CI10.772-0.911),
sensitivity 69,51%, specificity 100.0%.

Multiple logistic regression analysis was
performed to assess the probability of inflam-
mation in the periodontal tissues of patients at the
stage of treatment with orthodontic appliances in
the oral cavity. As a basis, the logistic regression
equation was used, which assumes that the
acquired effect (inflammation) is related to the
level of the studied factors according to the
formula:

v =exp(bot bin*X1n )/[1+exp(bot bin*x1m)] (1)

where )} — result (probability of inflammation); by — a coefficient

indicating the value of the result in the case when the predictor is equal
to 0; bl-n — regression coefficients showing how much the logarithm of
the chance of developing the inflammation effect will change on average
when the independent variable changes by one unit of its measurement;
x1-n — predictor variables, indicators of each individual patient for
whom the prognosis is calculated.

For the determined predictors, the indicator is
introduced into the equation in the obtained values
of the measurement units. The obtained result -y-
varies in the range from 1 (inflammation present
in the oral cavity) to 0 (inflammation absent).

Table 2 presents the predictors that were included
in the developed model for predicting the early
occurrence of periodontal tissue inflammation in
patients with orthodontic appliances in the oral
cavity by multiple logistic regression analysis with
stepwise inclusion of independent variables. Among
the investigated factors, two biochemical indicators
were included in the model — cathelicidin and
Klotho protein. Taking into account the obtained
data (Table 2), the equation for predicting the
occurrence of early inflammation in the periodontal
tissues in patients with orthodontic appliances in the

22/ Tom XXVII/ 1

oral cavity based on the biochemical parameters of
the oral fluid will have the following form:

 exp(5,275-0,736xx, —0,249x x,)
T exp(5,275— 0,736 x x, — 0,249 % x,)

2),

where — ) — the probability of inflammation; x; — the level of

cathelicidin (in uM) of a patient, for which the prognosis is calculated;
x, — Klotho protein level (in ng/ml) of a patient, for which the prognosis
is calculated; 5.275 — coefficient by, which indicates the value of the
result in the case when the variables x; and x, will be equal to 0; -0.736
and -0.249 are regression coefficients b, which show how much the
logarithm of the chance of the development of the inflammatory effect
will change on average when the variables of cathelicidin and Klotho
protein are changed, respectively, per unit of measurement (Table 2).

The share of correct prediction (concordance
level) according to the results of the logistic reg-
ression model is 82.57%. This is a sufficient degree
of agreement between the real distribution of
observations and the distribution based on the
logistic regression equation.

The predicting equation built on the basis of
logistic regression (logistic model) turned out to be
adequate. Evaluation of the logistic regression
equation by the Chi-square value showed its
adequacy, as its statistically significant level was
determined: 2 =46.73 (p<0.001).

The overall assessment of the agreement of real
and calculated data based on the Hosmer-Lemeshov
test showed their significant coincidence as p=0.385,
which allows us to assert the consistency of real and
calculated results.

Based on the shape of the ROC curve and the
area under it (AUC), the prognostic accuracy of the
logistic regression equation was evaluated (Fig. 5). It
was determined that the prognostic model in the
form of a logistic regression equation has very good
operational characteristics: sensitivity  70.73%,
specificity 96.77%, area under the ROC curve —
0.846 (95.0% CI1 0.766-0.907; p<0.001).

Regardless of the values of x, the predicted value
of the result (y) in this model will always be in the
range from O to 1. If the calculated probability has a
value greater than 0.5, it can be assumed that the
event will occur — inflammation will develop and
vice versa. Clarification of these values was carried
out on the basis of ROC analysis. The cut-off point
on the ROC curve was 0.56, which makes it possible
to accurately establish the predicting criteria based
on the result obtained on the basis of the equation. If
the calculated probability is less than the cut-off
point of 0.56, it can be assumed that the event will
not occur (inflammation will not develop); in the
opposite case (the value according to the equation is
greater than 0.56), the early development of inflam-
mation is predicted in patients with orthodontic
appliances in the oral cavity.
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Fig. 5. ROC curve for predicting the early
development of inflammation in patients with
orthodontic appliances in the oral cavity based on the
results of logistic regression analysis

The Nigelker coefficient of determination —
R?=0.490, obtained from the results of the regression
equation, shows the share of influence of the
predictors of the model on the variance of the
dependent variable. This means that the share of the
combined effect of the level of cathelicidin and
Klotho protein, included in the model, on the early
development of inflammation in patients with
orthodontic appliances in the oral cavity is 49%.
Another share is due to other factors that were not
taken into account in the model.

Thus, the chances of developing inflammation in
patients treated with non-removable orthodontic
appliances in the oral cavity increase by 4.2 times
(95% CI2.15-8.31) with an MMP-8 level greater
than 3.56 ng/ml; by 1.2 times (95% 1.12-1.35) with
a lactoferrin level greater than 75.38 ng/ml; by
2.2 times (95% 1.56-3.45) with a cathelicidin level
greater than 0.45 uM; by 5.3 times (95% 2.63-11.11)
with Klotho protein level greater than 4.53 ng/ml.

Table 2

Prediction of the occurrence of early inflammation in patients
with orthodontic appliances in the oral cavity by biochemical indicators of oral fluid
(based on multiple logistic regression analysis)

s . Regression Standard error of 2 Wald p-value i
Prediction variables coefficient coefficient Wald y
Free term of equation 5.275
Cathelicidin (x,) -0.736 0.361 4.151 0.004
Klotho protein (x;) -0.249 0.315 4.116 0.007

Logistic equation (model)

Xi-square

Percentage of concordance

y=exp(5.275 - 0.736 x x; - 0.249 x x, )/
[1+ exp(5.275- 0.736 X x; - 0.249 X x; )]

1= 46.73 (p<0.001)

82.57 %

Operational characteristics of predicting according to ROC-analysis data

Sensitivity, %
Specificity, %
AUC

95% CI AUC
p-level

Qualitative evaluation of the model

70.73
96.77
0.846
0.766-0.907
<0.001

Very good
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CONCLUSIONS

1. A model for predicting the early occurrence of
periodontal tissue inflammation in patients with
orthodontic appliances in the oral cavity has been
developed.
2. As a result of the correlation analysis, it was
established that the development of the inflam-
matory process in the periodontal tissues occurs
against the background of changes in such bioche-
mical indicators of the oral fluid as MMP-§
(rs=0.58; p & 1t; 0.001), lactoferrin (rs=0.45; p & It;
0.001), cathelicidin (rs=-0.59; p & It; 0.001) and
Klotho protein (rs=-0.58; p & It; 0.001), with them
statistically significant correlations of average force
were revealed.

3. The level of concordance according to the
results of the logistic regression model is 82.57%.

4. The chances of developing periodontal tissue
inflammation in patients with fixed orthodontic
appliances in the oral cavity increase by 4.2 times
(95% CI2.15-8.31) with an MMP-8 level greater
than 3.56 ng/ml; by 1.2 times (95% 1.12-1.35) with
a lactoferrin level greater than 75.38 ng/ml; by
2.2 times (95% 1.56-3.45) with a cathelicidin level
greater than 0.45 uM; by 5.3 times (95% 2.63-11.11)
with Klotho protein level greater than 4.53 ng/ml

Conflict of interests. The authors declare no
conflict of interest.

Prospects for further research are in more in-
depth diagnosis of early inflammation in periodontal
tissues in patients with fixed orthodontic appliances
in the oral cavity, in order to prevent complications
from the dentofacial system.
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