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ASSESSMENT OF THE EFFECT OF ORAL HYGIENE ON THE
COURSE OF INFLAMMATION IN GENERALIZED
PERIODONTITIS

Introduction. The modern paradigm considers inflammatory and
inflammatory-dystrophic periodontal diseases not only as a local
inflammation of the periodontal tissues, which is caused by the
microflora of oral biofilm, but also as a reaction of the whole body to
the action of a bacterial infection. Knowledge about the relationship
between the organism and the microflora of the oral cavity obtained
using an index assessment can improve methods of prevention and
treatment of inflammatory and inflammatory-dystrophic periodontal
diseases. Therefore, the aim of the work was a mathematical analysis
of the influence of oral hygiene on the course of gingival inflammation
in generalized periodontitis.

Methods. To achieve the goal, we assessed the dental status of 36
patients with stage I-1l chronic generalized periodontitis (GP) against
the background of the combined course of chronic cholecystitis (XX)
and pancreatitis (CP) aged 17 to 64 years, who were being treated in
the regional gastroenterological center of Poltava. Examination of
patients with generalized periodontitis included generally accepted
clinical methods. Objective criteria were used to study the periodontal
status: the Schiller-Pysarev test, the PMA index according to Parma
(1960), the periodontal index according to Russel (1956), the vacuum
test of V.I. Kulazhenka (1960), thermometry of gingival papillae,
ortho-pantomography of jaws. The state of oral hygiene was assessed
using the Green-Vermillion index (1964). The diagnosis was made
according to the classification of periodontal diseases by M.F.
Danylevsky (1994). Statistical processing of the index assessment was
carried out on a computer using the Microsoft Excel Office 2007
program. The reliability of the obtained results was analyzed according
to the Student's test. Mathematical analysis was carried out using
online calculators and the computer program Excel 2010. The data in
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the groups had a normal distribution.

Results. With the help of online calculators for calculating geometric
indicators, the angles between the found functions and the tangents of
these angles were calculated. In our case, it could be used as an indicator
to calculate the ratio of the functions of the OHI-S index and the PMA
index. The obtained equations were equations of the first degree, that is,
linear equations — equations of a straight line. This indicated that there
was a linear relationship between the metrics that related to their
function. That is, the parameters of inflammation depended on the
conditions that changed in the oral microbiome in the form of a linear
combination. Graphs obtained during preprocessing and immediately
after processing had a negative slope. This indicated that the lines would
point downwards and the functions these lines represented would also
decrease. It means that during the treatment, the intensity of
inflammation of the gums would decrease, and the state of the
periodontal tissues would correspond to the state of "improvement”.
Graphs obtained immediately after treatment and 6 months after
treatment had a positive slope. This indicated that the directions of the
lines would increase, as well as the functions that these lines
represented. That is, after treatment, inflammation of the gums in
conditions of insufficient oral hygiene would intensify again, which was
confirmed by the PMA index.

Conclusions. The analysis of numerical indicators of the ratio of the
patient's body to the microbiota of the oral cavity can be used to predict
the course and consequences of the disease, as well as to adjust the
treatment.

The study of the relationship between microbiocenoses and their
carriers with the involvement of mathematical methods that take into
account the definition of the functional component between them will
allow scientists and doctors to determine the integral component of the
body's reactions in response to a change in the state of microbiocenoses
under the conditions of medical interventions.

Keywords: oral biofilm, generalized periodontitis, hygienic indices,
periodontal indices, mathematical analysis.
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OIIHKA BIVIUBY TIII'€EHA ITIOPOXXHUHU POTA HA
HEPEBII’ 3ANAJIEHHA TIPU TEHEPAJII3OBAHOMY
MHAPOJOHTHTI

Beryn. CydacHa mapaaurma 3amajibHi Ta 3amalibHO-TUCTPOdidHi
3aXBOPIOBaHHS MAPOJIOHTA PO3IIISAAAE HE TUIBKH SIK JIOKAJIbHE 3analleHHs
TKaHUH MApOJIOHTA, SKE BUKJINKaHE MIKpO(IOPOI opanbHOi Oi0TUTiBKH,
a SK pEeaKIil0 BChOTO Opra”i3My Ha Jif0 OakTepiHOI iH(eKIi.
Po3yMiHHSI CTOCYHKIB MiX OpPraHi3MOM Ta MIiKpO]JIOPOIO MOPOXHUHU
poTa 3a JIONIOMOTOIO IH/IEKCHOI OLHKM MOXE HOKPAIIUTH METOAN
npodigakTUKK 1 JIIKyBaHHS 3alajlbHAX Ta 3aMajbHO-AMCTPO(IYHUX
3aXBOpIOBaHb MapoJoHTa. Tomy MeToro pobGotu OyB MaTeMaTHYHHI
aHaJi3 BIUIMBY TiTi€HM MOPOXKHUHM POTa Ha Iepedir 3amajieHHs SICeH
MIPY TeHEePaTi30BaHOMY MapOIOHTHTI.

Metoau. /s mocsrHEHHS TIOCTaBICHOI METH OyJio TPOBEICHO
BH3HAYEHHS CTOMATOJIOTIYHOTO CTaTycy 36 TMali€HTIB i3 XPOHIYHHM
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renepanizoBanuM napogonturoM (I'IT) I ta I cryneHiB TsxKocTi Ha TIIi
MOETHAHOTO Tepebiry XpOHIYHOTO XONenucTUTy (XX) 1 MaHKpeaTuTty
(XIT) BikoMm Bim 17 mo 64 pokiB, fKi 3HAXOAWJINCH Ha JIIKyBaHHI B
00JacHOMY  TacTPOCHTEPOJIOTIYHOMY  LEHTpPI  MicTa
OOcTe)keHHST XBOPHX Ha TEHEpalTi30BaHMI MApOJOHTUT BKIIFOYAIIO
3araJbHOTIPHHHATI METOIH. [pu IOCIIIKEHH]
MapoJOHTAIFHOIO CTaTyCy BHKOPHCTOBYBAJIM 00 €KTHUBHI KpUTEpii:
npoby Ilunnepa-Ilucapesa, inmekc PMA 3a Parma (1960),
napojoHTanbHui iHgekc 3a Russel (1956), Bakyymuy mpoby B.L
Kynaxenka (1960), TEPMOMETPIIO SICEHHUX
opromanromorpadito menen. CraH TirieHd

ITonrasa.

KIIHIYHI

COCOYKIB,
MOPOXXKHUHU ~ pOTa
OIIHIOBAJIM 3a JomoMoror iHaekcy ['pina-Bepmineona (1964). [diaraos
knacudikamieo  3axBoproBaHb  mapogoHta  M.D.
Harunescekoro (1994). CratuctudHy 00poOKy 1HICKCHOI OIIIHKH
TIPOBOJIMIIA Ha KOMIT'IOTepi 3a momomororo mporpamu Microsoft Excel
Office 2007. JIoCcTOBipHICTH  OTPUMAaHHUX  PE3yJbTATIiB  OyIO
MpoaHaji30BaHo 3a kpurepieM CThiogeHTa. MaTeMaTHYHUN aHami3

CTaBHJIN 3a

MPOBEJICHO 3a JIONOMOTO OHJIAHH-KaJbKYJSTOPIB Ta KOMII FOTEPHOI
nporpami Excel 2010. Jlani y rpynax Maid HOpMaTbHHIA PO3ITOIL.

PesyabTaTH. 32  J0MOMOrol0  OHJIAMH-KAJIBKYJSATOPIB ISt
pO3paxyHKy TCOMETPUYHHMX [MOKAa3HHWKIB PO3PAaXOBAaHO KYTH MiXk
3HaWJeHNMH (QYHKIISIMH Ta TAaHT€HCH IUX KyTiB. Y HAIIOMY BHUNAAKY
HOro MoOXKHa BHKOPHUCTOBYBaTH SK IHAMKATOp [UI1 PO3PAXyHKY
coiBBigHOImEHHs QyHKUiN iHgexcy OHI-S (cmpormenuii iHmekc ririeHu
MOPOXXKHUHU poTa) Ta iHgekcy PMA. OTtpumani piBHSHHS € PiBHIHHIMHI
MEPIIOTO CTYIEH, TOOTO JIHIHHUMU PIBHAHHSIMH - PIBHIHHAMH MIPSIMO].
Ile BKa3ye Ha Te, IO iCHY€E JIHIHHUI 3B’S30K MK MOKa3HUKAMHU, SKHI
crocyethest iX Qynkiii. ToOTO mapameTpu 3amajeHHs 3ajekaTh Bij
YMOB, SIKi 3MIHIOIOTBCSI B OpaJIbHOMY MIKpOOiOMi y BUIIIAIl JIHIKHOT
komOinawii. I'padiku, oTpumani mig yac morepenHbOi OOpOOKH Ta
BiZipa3y miciisi 0OpoOKH, MarOTh HeraTMBHUI Haxwi. lle Bkasye Ha Te,
mo JiHii OymyTh chpsmoBaHi BHHU3, 1 OQyHKMI, ski i 7=
MPE/ICTABISIIOTh, TAKOX 3MEHIIAThCSA. 3 IOTO BHIUIMBAE, IO MiJA Yac
JKyBaHHS 3MEHIIY€EThCS IHTEHCHBHICTD 3alaJICHHS SICEH 1 CTaH TKaHUH
MapoJIOHTA BIAMOBia€E cTaHy «MOKpameHHs». ['padiku, orpumani
olpa3y Micis JIKyBaHHS Ta depe3 6 MICAIIB IICHS JIKyBaHHS, MaroTh
MO3UTHUBHUI Haxwmi. Lle Bka3ye Ha Te, 0 HANPSMKHU JIiHIH 3pOCTAI0Th, a
TakoX (QyHKUIT, aKi wi JiHIT npeacTaBisoTh. ToOTO Mmicis MPOBEIEHOTO
JIKyBaHHS 3allajieHHs SICEH B YMOBaX HEJOCTaTHBOI Tiri€HH POTOBOI
MOPOXKHMHU 3HOBY ITOCHIIIOETHCS, L0 MiATBEPKYE iHAeKC PMA.

BucHOBKHM. AHaJ3 YUCIOBMX [IOKa3HUKIB  CIIIBBIAHOIIEHHS
OpraHi3My TaIi€HTa 3 MIKpOOiOTOI0 POTOBOI MOPOKHHHU MOXKE OyTH
BUKOPDHCTaHUI Uil  NIPOrHO3YBaHHS  mepebiry Ta  HaCHiIKiB
3aXBOPIOBAHHS, & TAKOXK JUIs KOPEKIii JIiIKyBaHHS.

BuBueHHs B3a€MO3B 3Ky MiX MiKpOOiOIleHO3aMH Ta iX HOCIsIMH i3
3aly4eHHSM MaTeMaTUYHHX METOMIB, II0 BPaxOBYIOTh BHU3HAYECHHS
(hyHKIIOHABHOI CKJIAJOBOI MK HHMH, J[O3BOJUTH HAYKOBISIM i
JmiKapAM-TIpaKTHKaM BH3HAUWTH  IHTETPaJbHY CKJIQAOBY peakKmiid
OpraHi3My y BiINOBigs Ha 3MiHy CTaHy MIiKpOOiOIIEHO3iB B yMOBax
JKYBaJIbHUX BTPYYaHb.

Kuawuosi  cioBa: OioTUTIBKA,

opaibHa TeHepaJli30BaHuH

MapOJOHTHT, ririeHivsi 1HJIEKCH, MapoIOHTATBHI 1HJIEKCH,

MaTeMaTUYHHI aHai3.
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ABBREVIATIONS

Generalized periodontitis (GP), chronic cholecystitis (CC), chronic pancreatitis (CP), hygiene index (GlI),
periodontal index (PI), papillary-marginal-alveolar index (PMA), simplified oral hygiene index (OHI-S)

INTRODUCTION

Among the most urgent problems of modern
dentistry, periodontal diseases occupy one of the leading
places. The modern paradigm considers inflammatory
and inflammatory-dystrophic periodontal diseases not
only as a local inflammation of the periodontal tissues,
which is caused by the microflora of oral biofilm, but as
a reaction of the whole body to the action of a bacterial
infection [1, 2, 3].

Biology is considered the foundation of medicine. It
is biology that provides a systematic and holistic
approach to understanding pathological processes. This
turned out to be possible thanks to the fact that the
current level of knowledge development allows us to
distinguish  generalizing  directions of  science
(developmental biology, ecology, genetics, theory of
evolution). These directions play the most important
role in considering a person as the main object of the
professional activity of a doctor - a living organism [4].

The application of mathematics in biology has a
long history. The use of mathematical methods
contributed to a deeper understanding of many
biological processes. At the same time, biology
motivated mathematicians to create new theories that
enriched mathematics itself [5].

In dentistry, there are various paraclinical diagnostic
methods to determine the state of oral biofilm and its
effect on the periodontium. These are hygiene indices,
as well as gingival and periodontal indices [6]. If the
hygienic indices determine the state of care of the oral
cavity, the component of which is the microbiocenosis
of the mucous membrane of the oral cavity, then the
gingival and periodontal indices assess the state of the
periodontal tissues and the development of a protective
and adaptive reaction in them — inflammation [7].
Inflammation is the body's response to any stimulus, in
particular, an infectious agent. Representatives of oral
microbiocenosis can also become infected. In this case,
they will appear as pathogenic microflora [8, 9, 10].

Understanding the relationship  between the
organism and the microflora of the oral cavity using an
index assessment can improve methods of prevention
and treatment of inflammatory and inflammatory-
dystrophic periodontal diseases. This issue has always
been and is relevant for medicine in general and
dentistry in particular [11, 12].

The aim of the work is a mathematical analysis of
the influence of oral hygiene on the course of gingival
inflammation in generalized periodontitis.

MATERIALS AND METHODS. In order to
achieve the goal, the dental status and treatment of 36
patients with chronic generalized periodontitis (GP) of
the I and Il degrees of severity against the background
of the combined course of chronic cholecystitis (CC)
and chronic pancreatitis (CP) aged from 17 to 64 years,
who were on treatment in the regional
gastroenterological center of the city of Poltava.
Examination of patients with generalized periodontitis
included generally accepted clinical methods. Objective
criteria were used to study the periodontal status: the
Schiller-Pysarev test, the PMA index according to
Parma (1960), the periodontal index according to Russel
(1956), the vacuum test of V.I. Kulazhenka (1960),
thermometry of gingival papillae, orthopantomography
of jaws. The state of oral hygiene was assessed using
the Green-Vermillion index (1964) (OHI-S). The
diagnosis was made according to the classification of
periodontal diseases by M.F. Danylevsky (1994) [6].

Treatment of patients with generalized periodontitis
with a combined course of chronic cholecystitis and
pancreatitis was carried out using the herbal antiseptic
«Timsal», the antibiotic «Tsifran STy, the synbiotic
«Yogurt» and the osteotropic drug «Calceminy [13].

Statistical processing of the index assessment was
carried out on a computer using the Microsoft Excel
Office 2007 program. The reliability of the obtained
results was analyzed according to the Student's test.
Mathematical analysis was carried out using online
calculators and the computer program Excel 2010. The
data in the groups had a normal distribution.

RESULTS. After the course of treatment, all
patients showed a pale pink color of the gums, no
bleeding, no dental deposits, and a significant decrease
in tooth mobility. The depth of periodontal pockets
decreased by 1.28 times (p<0.001) and remained stable
after 6 (p<0.01) and 12 (p<0.01) months.

Beneficial dynamics of paraclinical indicators were
also observed under the influence of our proposed
method of treating GP.

Green-Vermillion Gl immediately after the course of
treatment decreased by 2.95 times (2.46 + 0.11 points
before treatment vs. 0.49 + 0.06 points after it,
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p<0.001). After 6 months of observation, Gl increased
to 1.02 + 0.05 points relative to the results before
treatment (p<0.001), and after 12 months — to 1.01 +
0.12 points (p<0.001).

The PMA index in patients decreased by 29.5 times
(from 43.08 + 3.26% to 1.46 + 0.27%, p<0.001). After
6 and 12 months of observation, the PMA index slightly
increased, but had a significant difference in relation to
the indicators before treatment (10.29 + 0.96%, p<0.01
and 12.40 + 0.88%, p<0.01).

The Russel Pl index after treatment decreased by 1.4
times (p<0.01) and remained stable for 12 months
(Table 1).

Table 1 —Indicators of the OHI-S index and the PMA
index in patients at different time intervals

Before Immediately After 6
Index after
treatment months
treatment
OHI-S 2.46 0.49 1.02
(scores)
PMA (%) 43.08 1.46 10.29

With the help of online calculators for calculating
geometric indicators, the angles between the found
functions and the tangents of these angles were
calculated. The tangent is a function of the angle [14].
In our case, it can be used as an indicator to calculate
the ratio between the functions of the OHI-S index and
the PMA index. Thus, the angle between the functions
of the OHI-S index and the PMA index in patients

before treatment and immediately after treatment was
28.3°, and the angle between the functions of the OHI-S
index and the PMA index in patients immediately after
treatment and 6 months after treatment was 55.6°.

As for trigonometric functions, their indicators were
as follows: for an angle of 28.3°, the tangent was 0.54;
for an angle of 55.6°, the tangent was 1.46. That is,
digital indicators 0.54 and 1.46 can act as a measure
when calculating the relationship between the host
organism and its oral microbiota.

The obtained equations are equations of the first
degree, that is, linear equations — equations of a straight
line. This indicates that there is a linear relationship
between metrics that relates to their function. That is,
the parameters of inflammation depend on the
conditions that change in the oral microbiome in the
form of a linear combination.

With the help of the Excel 2010 program, these data

were reproduced in graphs, and functions were
calculated for them.
Graphs  obtained  within  pretreatment and

immediately after treatment have a negative slope. This
indicates that the directions of the lines will be
downward, and the functions that these lines represent
will also decrease. It follows that during treatment, the
intensity of inflammation of the gums decreases, and the
state of the periodontal tissues corresponds to the state
of «improvementy.

Formulas of the functions of changes in indicators of
the assessment of the condition of the oral cavity in
patients before treatment and after treatment: PMA: y =
-41.62x + 84.7; OHI-S: y = -1.97x + 4.43 (Fig. 1).

OHI-S (points)

——PMA (%)

50 y=-41.62x+84.7
40 \\
30 \
20 \
10 y=-1.97x +4.43 \
0 :
Before treatment After treatment

Figure 1 — Graphs and functions of OHI-S index and PMA index in patients before and after treatment

Graphs obtained immediately after treatment and 6
months after treatment have a positive slope. This
indicates that the directions of the lines are increasing,
and so are the functions that these lines represent. That
is, after the treatment, inflammation of the gums in

conditions of insufficient hygiene of the oral cavity
increases again, which confirms the PMA index.
Formulas of the functions of changes in indicators of
the assessment of the condition of the oral cavity in
patients immediately after treatment and 6 months after
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treatment: PMA: y = 8.83x — 7.37; OHI-S:y = 0.53x —
0.04 (Fig. 2).

None of the calculated straight lines within the
specified limits falls below the abscissa axis and is in
the positive sector. None of the calculated straight lines

within the specified limits passes through the origin of
the coordinates. This indicates that the functions they
represent are constantly present and do not degenerate
into their opposite.

12

y=8.83x-7.37

10

° e

e

——OHI-S (points)

e

PMA (%)

~

o N =B O

——y =0.53x - 0.04

Immediately after treatment

6 months after treatment

Figure 2 — Graphs and functions of OHI-S index and PMA index in patients immediately after treatment and 6

months after treatment

CONCLUSION

In our case, we calculated the relationship between
the degree of inflammation in the periodontal tissues
and the state of oral hygiene using the above method.
With the help of the obtained numerical indicators, it is
possible to analyze the state in which there are
relations between the patient's body and his oral
microbiota. The analysis of numerical indicators of
the relationship between the patient's body and his oral
microbiota can be used to predict the course and
consequences of the disease, as well as to correct the
treatment.
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