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APPLICATION OF QUANTITATIVE LIGHT-INDUCED FLUORESCENCE TECHNIQUE TO DETERMINE
INDIVIDUAL ORAL HYGIENE LEVELS

Kopetskiy IS, Pobozhieva LV &, Kopetskaya Al
Pirogov Russian National Research Medical University, Moscow, Russia

Indices that reflect individual oral hygiene levels are widely used to determine microbial plaque of the tooth surface. When teaching patients how to take care about
the oral cavity, dentists use visual demonstration of the dental plaque localization. The quantitative light-induced fluorescence (QLF) technique represents a modern
method to diagnose individual oral hygiene, in which even minimal microbial plaque buildup shows up as red fluorescence. The study aimed to assess the oral
hygiene status using the quantitative light-induced fluorescence technique. Dental deposits were detected using QLF; the Quigley Hein, Green-Vermillion, DMF
indices were detected clinically. The findings show that Simple Hygiene Scores do not exceed 2, when the caries intensity is very low or low (p < 0.05). In these
groups, the Green-Vermillion and Quigley Hein index values reach 0.5 + 0.23 and 0.2 + 0.14, respectively. When the caries intensity is medium, Simple Hygiene
Scores vary between 1-5 points. Very high caries intensity is characterized by the Simple Hygiene Score between 3 and 5 points (maximum Green-Vermillion and
Quigley Hein index values reach 2.3 + 0.43 and 2.1 + 0.35) (p < 0.05). Thus, the quantitative light-induced fluorescence technique can be used in clinical trials
for objective oral hygiene assessment, visual demonstration of dental plaque buildup to patients, and assessment of the dynamic changes in these indicators.
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NMPUMEHEHWE METOOA KOJIMYECTBEHHOW CBETOMHAYLUMPOBAHHOW ®IYOPECLIEHLIUN
B ONPEAENEHUN YPOBHSA UHOMBUAYANIBHOW MMIMEHbLI NOIOCTU PTA

V. C. Koneukuin, J1. B. Moboxsesa =, A. W. KoneLkas
Poccuiickuin HaumoHanbHbI MCCNeaoBaTenbCKUi MEAULIMHCKIMIA yHUBEpCUTeT nMenn H. V. Mporosa (Muporosckuin YHnsepcnteT), Mocksa, Poccus

[nst onpepneneHst MUKPOBHOro HaneTa Ha NOBEPXHOCTM 3y6OB LLMPOKO NMPUMEHSIOT MHAEKCI, KOTOPble OTPaXKatoT YPOBEHb M1reHbl MonocTv pra. [MNpu 0byyeHum
nauveHToB yxofdy 3a POTOBOW MOMOCTLIO BPAYM-CTOMATONOM MCMOMB3YIOT BU3YaSbHYIO AEMOHCTPALMIO NoKanm3aumm 3yoHoro Haneta. Metof, Konm4ecTBeHHoM
CBETOVHAYLMpOBaHHOM hnyopecueHumn (QLF) aBnseTca coBpeMeHHbIM METOAOM ANArHOCTUKM MHAMBMOYAbHOW MMrMeHbl MOMOCTY PTa, NMpY UCMONb30BaH
KOTOPOro AaXke MUHUMaNbHOE CKOMNeHe MUKPOOHOMO HaneTa MposiBNseTcs B BUAE KpacHoW nyopecleHumn. Llensio nccnegosanunst 66110 U3y4nTb
FUrMEHNYECKOe COCTOSHME MOMOCTH pTa C MPUMEHEHNEM METOAA KOMMYECTBEHHOW CBETOUHAYLIMPOBAHHOM (hnyopecLeHUMN. BbigBneHMe 3yOHbIX OTIOXKEHNIN
npoBoanM ¢ ncnons3osaHem QLF, knnHndeckn onpenensnn nHaexcs Quigley n Hein, Green-Vermillion, KIY. Pesynstate! nccnegosaHnsa nokasanm, 4o npu
0Y4eHb HU3KOM Y HU3KOM YPOBHSIX MHTEHCUMBHOCTM Kapro3HOro npoLiecca nokadatenv Simple Hygiene Score He npesblwatoT 2 6anna (p < 0,05). B gaHHbIX rpynnax
3Ha4eHua nHaekcoB Green-Vermillion v Quigley, Hein pocturanu 3Hadenuin 0,5 + 0,23 u 0,2 + 0,14 cooTBETCTBEHHO. [py CpegHeM YpOBHE UHTEHCUBHOCTU
Kap1o3HOro npouecca nokadarteny Simple Hygiene Score BapbupytoT oT 1 0o 5 6annos. O4eHb BbICOKMUIA YPOBEHb KapMO3HOrO MPOLIECCa XapakTepuayeTcs
3HadeHvsMm Simple Hygiene Score oT 3 go 5 6annoB (MakcvmanbHble nokasatenn nHaekcos Green-Vermillion 1 Quigley, Hein gocturanm 2,3 + 0,43 1 2,1 + 0,35)
(o < 0,05). Takum 06Pa3OM, METOA, KONMMHECTBEHHOW CBETOMHAYLMPOBAHHOM (hryOpeCLEHLIMN MOXKET ObiTb MCMOMB30BaH B KIMHUYECKWX NCCNEAOBaHMSX NS
OOBEKTVBHOW OLEHKMN MrieHbl MOIOCTW PTa, HarsAHON AEMOHCTPALIMN CKOMIIEHNS 3yOHOrO HaneTa NauneHTam 1 n3y4eHunst JaHHbIX rokasaTenei B AVHaMVIKE.

KntoueBble cnosa: 3y6HOM HAMET, r1rieHa nosiocTu pra, KoM4ecTBeHHasi CBETOMHAYUMPOBaHHasH thyopecLeHLms
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Microbial plaque forms biofilms on the tooth surface, which A number of studies have proven that it is possible to use
represents a major etiological factor of dental caries and  the quantitative light-induced fluorescence (QLF) technique as
inflammatory periodontal diseases [1-3]. a new method to detect biofilms in the oral cavity [4, 5].
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Biofilm removal from the tooth surface is an effective
method to prevent the main dental diseases. It seems extremely
important to teach patients methods of individual oral hygiene
and encourage them to perform oral hygiene regularly on a
daily basis. Dentists use visual demonstration of dental plaque
localization in clinical practice to teach patients how to take
care about the oral cavity [6, 7].

Hygienic indices are widely used to quantify microbial
plague on the tooth surface. To detect microbial plaque,
the dental deposits are stained with dyes and assessed
through visual control, which does not preclude incorrect
interpretation and takes time for accurate calculation and
measurement [8, 9].

The advanced noninvasive quantitative light-induced
fluorescence (QLF) technique involving the use of the oral
camera equipped with software allows one not only to quantify
dental plaque, but also measure the area of the microbial
plaque buildup and calculate the Simple Hygiene Score
(SHS). It should also be noted that software can analyze such
parameters, as the lesion area/white spot area (area % px 2),
fluorescence loss/average enamel mineral loss (AF, %), lesion
depth (AFmax, %), lesion volume/maximum mineral loss
(AQ, % px), area showing bacterial activity/extent of bacterial
activity in the lesions (AR, %), maximum bacterial activity
(ARmax, %), area of bacterial activity (AR Area, %) [10, 11].

Even minimal microbial plaque buildup shows up as red
fluorescence [11]. The microbial biofilm produces porphyrin,
which is manifested by the color change in vivo [12]. The QLF-D
method can be used as an alternative to the existing clinical
index methods, regardless of the assessed tooth regions
[13, 14]. Microbial plague detection is accomplished without
using dyes [15]. The QLF-D method can be used to teach
patients individual oral hygiene [16].

Thus, the use of QLF is of great clinical interest in terms of
assessing the oral hygiene status.

The study aimed to assess the oral hygiene status using the
quantitative light-induced fluorescence technique.

METHODS

The study involved 204 individuals (132 females and 72 males).
Inclusion criteria: females and males seeking care or routine
examination; age 18-44 years; no dental arch defects in the
frontal section (in individuals with physiological or abnormal
bite). Exclusion criteria: patients undergoing orthodontics
treatment; prosthetic constructions in the frontal section; age
below 18 and over 44 year; acute oral inflammatory disease;
decompensated somatic disorder; refusal to participate in
the study.

The clinical phase consisted of collecting complaints and
history taking, oral cavity examination. Disorders of dental hard
tissues and periodontal tissues were diagnosed based on
ICD-10.

The DMF index (decayed, missing, and filled index) was
determined in all subjects in order to assess the intensity

Table 1. Gender and age distribution of subjects

of caries lesions. According to the WHO assessment criteria,
five caries intensity levels are distinguished in the age
group 33-44 years: very low (0.2-1.5), low (1.6-6.2), medium
(6.3-12.7), high (12.8-16.2), very high (16.3 and above).

Oral hygiene status was assessed by the quantitative light-
induced fluorescence method. The Q-ray dental software,
Qraycam Pro camera (AIOBIO, Republic of Korea), and
Inspektor Research Systems detector (Netherlands) were used
for QLF. The following indicators were determined to detect
microbial plagque buildup and oral hygiene status assessment:
Simple Hygiene Score with the range of 0-5; area of bacterial
activity (AR Area, %).

Clinically, oral hygiene status was determined based on the
Green-Vermillion (OHI-S) index. Oral hygiene was assessed as
good (values within the range of 0-0.6), satisfactory (0.7-1.6),
unsatisfactory (1.7-2.5), or poor (over 2.6). Buccal surface of
the teeth 16 and 26, labial surface of the teeth 11 and 31,
and lingual surface of the teeth 36 and 46 were examined to
determine OHI-S.

Furthermore, the Quigley Hein dental plaque index was
determined on the vestibular surface of 12 frontal maxillary
and mandibular teeth using the dental plagque indicator (Plaque
Test, PRESIDENT). Six index values are distinguished: no
plaque, isolated flecks of plaque, band of plaque at the gingival
margin, up to 1/3 of the tooth surface covered with plaque,
plaque from 1/3 to 2/3 of the surface, plaque on more than 2/3
of the surface.

Statistical processing of the study results was performed
using Microsoft Office Excel 2017 (Microsoft Corporation) and
the Statistica 12.0 (StatSoft) software package. Relative values
were calculated; descriptive statistical methods were applied
involving calculation of the mean, average error, and standard
deviation.

RESULTS

The gender and age distribution of surveyed individuals is
provided in Table 1. The average age of surveyed females
was 27.73 (+ 1.9) years, and that of surveyed males was
31.54 (+ 2.3) years.

Based on the study results, very low caries intensity was
revealed in 5.9% of surveyed individuals with the DMF value
of 1.5 + 0.34. Low caries intensity was determined in 13.7%
of surveyed individuals with the DMF value of 5.6 + 0.43.
Medium caries intensity was revealed in 35.3% of cases with
the average DMF value of 11.3 + 1.2, high intensity —in 37.3%
of cases with the DMF value of 14.6 + 1.3, very high intensity — in
7.8% of cases with the DMF value of 17.2 + 0.8 (Fig. 1).

The analysis of the Green-Vermillion index values has shown
that the patients’ oral hygiene corresponds to good, when the
caries intensity is very low or low, to satisfactory, when the
caries intensity is moderate-to-high, and to unsatisfactory,
when the caries intensity is very high.

Oral hygiene indices (Green-Vermilion and Quigley Hein)
are provided in Table 2.

Total number of surveyed individuals, n

n=204

Average age of surveyed individuals, years

29.3 (x 2.4)
(min 18 + max 44)

T Lo Males Females
Gender distribution of surveyed individuals, n n=72 n=132
Average age of surveyed individuals depending 31.54 (+ 2.3) 27.73 (= 1.9)
on gender, years (min 18 + max 44) (min 18 + max 42)
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Fig. 1. Distribution of subjects by caries intensity, %

The analysis of the Quigley Hein index values has shown
that patients with medium, high, and very high caries intensity
need individual oral hygiene improvement (index values above 1)
(Fig. 3).

Thus, the results of data interpretation based on the Green-
Vermillion and Quigley Hein indices of the surveyed individuals
were similar, despite the differences in determination of indices.

Assessment of both indices suggests that oral hygiene
of patients with very low or low caries intensity corresponds
to good and does not require adjustment, in contrast to the
overwhelming majority of individuals with the medium, high,
and very high DMF values.

In our study, microbial plague buildup and oral hygiene
estimates based on the Simple Hygiene Score were determined
in the region of the maxillary and mandibular incisors and
canines. The QLF-D diagnosis allows one to detect even slight
dental plaque buildup in red fluorescence, as shown as blue
pseudo-stain (Fig. 4).

The quantitative light-induced fluorescence (QLF) method
enabled the noninvasive, quick, objective determination of the
patients’ oral hygiene status (Fig. 5).

Quantitative and qualitative assessment of dental plaque in
surveyed individuals is provided in points (range 0-5 points)
(Table 3).

Based on the Simple Hygiene Score it was determined that
the values were 0-2 points, when the caries intensity was very
low or low. When the caries intensity was medium, the Simple
Hygiene Score varied between 1 and 5 points, when it was
high — 2-5 points, when it was very high — between 3 and
5 points (Fig. 6).

DISCUSSION

In the study we determined hygienic indices in patients with
different caries intensity using conventional methods and the
quantitative light-induced fluorescence technique. According
to the data obtained, when the caries intensity was very
low, the Simple Hygiene Score corresponded to O and 1

Table 2. Oral hygiene status indices, M + sd

Fig. 2. Patient A., 22 years. Photo protocol of oral hygiene status assessment.
DMF — 3, Green-Vermillion index — 0.5, Quigley Hein index — 0.92
(Green-Vermillion — 0.4 + 0.12, Quigley Hein — 0.2 + 0.07)
(o < 0.05). SHS values of 1 and 2 points corresponded to low
caries intensity (Green-Vermillion — 0.5 + 0.23, Quigley Hein —
0.2 + 0.14) (p < 0.05). In these groups, the clinical index values
suggest good individual oral hygiene. When the caries intensity
is medium, the Simple Hygiene Score varies between 1 and
5 points (Green-Vermilion — 1.2 + 0.27, Quigley Hein —
1.4 + 0.32). High caries intensity is characterized by the SHS
2-5 points (Green-Vermillion — 1.5 + 0.31, Quigley Hein —
1.5 = 0.28). Very high caries intensity is characterized by
the Simple Hygiene Score 3-5 points (Green-Vermillion —
2.3 + 0.43, Quigley Hein — 2.1 + 0.35) (p < 0.05).

According to the data provided by a number of authors,
SHS O indicates good oral hygiene status, while SHS 5 indicates
poor status [17]. Our study has shown that SHS values of
0, 1, and 2 corresponded to good oral hygiene status. However,
the dental plaque distribution and production within the dental
arch can vary considerably, as reflected by the Simple Hygiene
Score values.

There is a report of the QLF-D limitation when used to
assess general oral status. This is due to the fact that QLF
reflects well the diagnosis in the region of frontal maxillary
and mandibular teeth. Thus, measurement in the region of
maxillary molars, as well as on the palatal and lingual tooth
surface, it limited due to complexity of taking images of these
regions [18]. Our findings have shown that SHS determination
in the region of the frontal group of teeth enables quick and
reliable detection of microbial plaque buildup. It should be
noted that for a number of indices it is necessary to determine
dental plague on the lingual/palatal tooth surface, which is
more convenient to do using a probe.

No need to stain dental deposits should be considered an
advantage of the method [19].

CONCLUSIONS

It is reasonable to use the QLF method for screening
aimed to estimate the patients’ individual oral hygiene.

Caries intensity Green-Vermillion index Quigley Hein index
Very low 0.4+0.12 0.2 +0.07
Low 0.5+0.23 0.2+0.14
Medium 1.2+0.27 1.4 +0.31
High 1.5+ 0.31 1.5+0.28
Very high 2.3+0.43 2.1+0.35
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Fig. 3. Patient K., 27 years. Clinical assessment of hygienic indices. DMF — 8, Fig. 5. Patient M., 25 years. The areas covered with dental plaque are analyzed
Green-Vermillion index — 1.7, Quigley Hein index — 3.3 using the software tool. DMF — 13. SHS — 2, area of bacterial activity (Area AR) —
30% — 4[%]
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Fig. 4. Patient N., 32 years. Results of the oral hygiene status QLF diagnosis. Fig. 6. Patient A., 21 years. Dental plaque assessment involving the use of QLF

DMF — 10. SHS — 1, area of bacterial activity (Area AR) — 30% — 1[%)] diagnosis. DMF — 7. SHS — 5, area of bacterial activity (Area AR) — 30% —
Table 3. Simple Hygiene Score (SHS) in surveyed individuals 84L%l.
Caries intensity Number of surveyed individuals Simple Hygiene Score (SHS)
3 0
Very low p p
13 1
Low
15 2
2 1
13 2
Medium 23 3
22 4
12 5
1 2
) 23 3
Fiigh 25 4
27 5
2 3
Very high 4
9 5
Total 204

The quantitative light-induced fluorescence objectively and  issue of the clinical significance of determining the area
transparently reflects the dental plaque buildup and allows  of bacterial activity on dental restorations is still poorly
one to assess the dynamic changes in SHS. However, the  understood.
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