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Purpose: The aim of this study was to evaluate the red fluorescence characteristics of bacterial dental deposits assessed by
quantitative light-induced fluorescence (QLF) technology and confirm whether the red fluorescence can distinguish and evaluate
quantitatively accumulation of bacterial dental deposits.

Methods: This retrospective cross-sectional study used QLF images captured at a dental clinic from January to December 2016.
In each QLF image, a skilled examiner selected one region where the presence of deposits was suspected. Then, the regions were
classified into three groups of not detectable deposits(ND), half detectable deposits (HD), and full detectable deposits (FD) by two
examiners according to classification criteria. Only those images where the regions of bacterial dental deposits were classified
identically by all examiners were used for analysis. The mean red fluorescence intensity (RFI) was defined as the mean value of
R/G for all pixels in the regions. The RFI was compared between groups using Welch’s ANOVA test, and the Spearman correlation
was calculated to assess the association between RFI and accumulation of deposits.

Results: In this study, 351 images among the collected images of 605 subjects were finally selected. The mean age of subjects
was about 44 years. The R/G values of the ND, HD and FD were 0.73, 1.26 and 1.83 respectively. There were significant
differences between all groups (p<0.001), and strong positive correlation was identified between the R/G value and the
accumulation of deposits (r = 0.90, p<0.001).

Conclusion: The intensity of red fluorescence as observed in the QLF images correlated well with the accumulation maturation
of the deposits, which indicates that the QLF technology can be used to evaluate the status of oral hygiene.
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Table 1. Classification criteria of bacterial dental deposits in this study

Groups Description
Not WLI (X) / FI (X)
detectable
deposits : Deposits not visible with both WLIand red
(ND) fluorescence with Fl
Half WLI (X) / FI (O)
detectable
deposits : Deposits not visible with WLI, but red fluorescence
Full WLI (O) / FI (O)
detectable
deposits : Accumulated deposits visible with both WLI and red
(FD) fluorescence with FI

7} g onR|ojlA AP A= ROIO| 4
W25 A7ste] RGB AAA o] whe} 2 FA19] Red,
Green, Blue ¢t AbEsto] Hataks ALkekoidt
olF, H& ¥ g Blush] ffsf 24 M=o
ROIZHE 424 Red, Green 712 ©]835}9] Red/
Green (R/G) %5 AXtsto] #Aof ARg-81GITH

T
lo

Ao M2 IF 7 He

[0 ox oflt
H oo of

i
i)
ol
Ehia
2
N
Yo
(¢
o
_,d
01
o
RS
O
2
¥ oY

3

[©]
=
@)
=
n

lm

714L wkEa1A] ool Dunnett's T3 testS 8l &
29] Aolg latolet”, Wahge] W ofitof
e} 22t :Lﬂ} 2 39 A=Y
B7rsb7] flef B 18 w2 3% A= #AE
A Az 3}slo] Spearman AF

w3, o] Ao} YAE BR| g7t @A 3

A=E B7IsP] 38 LA=E F7Iske Cohen’s

WLI, White—light image; Fl, Fluorescence image

216 | cystximrelAREsIx| Ai57R R4S 2019




ORIGINAL ARTICLE .
og
0kl
>
i)
mufn
o

kappas AXFIATH BAZZ IS SPSS 23.0 testZ W] A(Fig. 2), ND= 0.73(+0,10) 0.2 %
(IBM Corp, Armonk, NY, USA) EA Z2a3e 7 Wekon, HDE= 1.26(+£0.22), FD= 1.83

AFEHH OB §OI5FE 0,052 Bt

m.

(£0.40) 2.2 7F =9th(p<0.001). Dunnett's T3

testES B35 AR AA 23t RE 7 B4R

gt AfolE B th(p<0.001). & 7+ Akeli= HD

7k ND Ht} oF 1.7, FD= NDef| H]sjj ¢F 2,54, ID
of ws oF 1.48) EoF H o] 7MY s

TN SR ol Sy

T 60579 A dAFEolAM SAE onlA] F Ael wrgge slolsigdrt Al B4 Anl ND-HD-FD 4
gl wek 35189 ozt HF Bl m ges we g 4uL 49 o ABWAS
gt g wAE el B AL 4395 wmols S71si{ckr=0.90, p(0.00D,
(£16.69)A1%H, g vl 7#7# 14779 (41,88%),

2047 (58.12%) o1t AAE &7 7|=(Table )&
it s lel B o O‘X]E— Cohen’s kappa® V. &
2% A3} 0,959 A=E Egﬂ;u} a2 Hye
ND7} 18373 (52.1%) 2.2 7P gstew, HD2F FD 7 2 dAFoA= QLF technology 719He] A48
g0l 747} 8478(23.9%) 0.2 A2 FES o] Rl 1] 9] Qraycamol|A] BE3} o|u] & o] &5lo] AlR|
08 g B2 ¥ e WS Welch's ANOVA 77 U A8k AldA] 22HEe] 2o g EAS
40 Spearman’s rho=0.896**
3 I
‘2 A

1.0

0.0

ND

Fig. 2. Jiter plots of Red/Green (R/G) values of each depostt

The line through the middle of plots represents the mean.
ND, Not detectable deposits; HD, Half detectable deposits; FD, Full detectable deposits
*indicated statistical significances between two groups by the Welch's ANOVA test with Dunnett's T3 posthoc paired

comparison test, p¢0.001
** p(0.00t

HD

FD

CHSER BRI AFRSIX| Mis72 M4z 2019 | 217



ORIGINAL ARTICLE

Ot‘b.—b.mﬂd'ﬂ_uo _
— Zo o)) o - ]
ximﬂoﬂmme%moﬂﬁq%# X T WD o
OEWWEGMHJM%@@@% RpXg R T e BXLBETIT G l
woﬁamomxwo*%%m% MQWﬂﬁa_omooww_cﬁwwuﬂwrﬂ E%%quﬂ
o 2 T o N S { = 9 B ® _. B o g TE
=" ok X e ol o -~ A B- i R T o =
EEE TR %@g%%%%%%%%%@%é iz L5
Al R N HodLeiEIETRES T A
mﬁﬂﬂHmMuﬂwATmrEMﬂewmx &2%ﬂﬁﬂ.,w_x_uoi%q_onwm@ﬂuquu mwﬁﬂﬂl&mﬂh
Eiﬂmlﬁg.ﬂemw??mﬂ% %r.m%ﬂmﬁm#_ﬂ%mm_wﬂ.%a&»m RE%W%%
sk g ST omr%mﬂﬂoﬂloﬂﬂowﬂ? C s BT N
I%RL%ﬂ%aa_e%ﬂ %%% % " 9 N T D2 AT
_ZMM‘Iﬂﬁé‘.r_- qu,mulﬂmm H.XﬁHOIJI H_wuoo_o,_.l_.ﬂon_ﬁ_x ) o~ _iFi_ﬂ_7L.
Eﬂ?mﬁmumeﬁﬁ%Gmﬁ ﬁﬁ%%ﬂo%%ﬁmﬂﬂ@%@r@ﬁc ﬁ%%e_pwﬁmm
4 = T > o ~ o X ~ gy < T no— =
@M%g%ﬂwman %%1M%Eﬂyanam@a@.wﬂoq@w
o oW RE g X mh oo X Aeowm]bﬂ._}]ﬁm“iﬂ‘_ — dl].mm.ﬂkei
ﬂmﬁﬂ_.zﬂ orﬂ%iﬁ%.@ - = ) T N B ]ulo:__eoﬁeﬂouﬂunmm_.lu
T oz WG e B p Mﬂ%maﬂ%%%@n%%%%ﬂ@oﬂﬁ.émﬂ%
ﬂivoﬁegﬁy&uli% ﬁEéﬂﬁ%ﬂ]%%ﬁ ﬂﬁ%goﬁeagxzﬂ
P_ﬂ”.qﬂmoﬂﬁ]] .LIO- .llo P~ J@ ﬂﬁﬂu,.r .I/hHl\‘_.Zrﬁ_o
Aoz_o_,Tﬂcan_EHooH‘___oE'ﬂldlduﬂ:l otu._LtAonanT]q Uﬂzﬁigqqﬂmu rh
o8 BE B e < i of W E T w T B & m ) TH o T o
PEERERE R R LR S E Y LR o
R e S I T " V.aﬁlmﬂ@ﬁcflro%_non
oaoﬂooTﬂyeﬂ,wmArxaLmLﬂ}o o o #
uAz__.uaﬁoaumeﬂ‘%ua._LatoLﬂﬁﬂu__d
G TS TET T M2 TR R
mﬁmi%ﬁ%;m%_dﬁﬂwﬁﬁw# o o~ 8
L o do 2 R EgﬁZmﬂ%ime:#q —
AToéﬂ_ﬂﬂomxﬁEaﬂRﬂL%mﬂ_m R0 ﬂglﬂho_&%wwﬁmﬂaﬂfwﬂwﬂwﬁ%%
Jllﬂ_l. V\ - o —_ 1|_ ~
trEhsieBeiir, LW EEEE TSN E ZREET
BE TN BT w TS KO o LEMEN RIS R
~ o o) o W o= _zaoMx71_tL|A] < — & o Be o
SAPLERSS FEETY FeEiIiiEEELIENLE,
S hm T ™Y ET e B i R TR ES gl
%ﬂAU]awami;%@mg@mo ﬁj;lﬂqooAyé%o;;mﬂ%mAw
@%mﬁv%mﬂ%a.M@%ﬂzf% %%mqﬂrg%ﬂﬂoyiwwotmmﬂo.mﬁua
L W DG _ A ° oV _ - W om i o B T oo B
\Xﬂ_u,mﬂ._nuudl.mwo_.._z MM%E:MLEPHI% Mlmoor;w_mﬂoﬁﬂlwmﬁm %WK%S,_NWMWOWOHW
[ o . O.]ﬂ
é%%ﬂ%%ﬁ&ﬂ@ﬁ%%ﬂ ﬂgoqﬂwgwﬂﬂglﬁmﬁw%;wﬂz
lﬂﬁ_,c._q]muo#]mw Ltﬂ_pl_.7 ﬁo&mr_.eu._nﬁ LﬁOt,m_.LxroHo_,EanOo_LﬂmW_.ﬂl
S wwmo%% @ﬁrul&.c._ ﬂo@%ﬁﬁ“%ﬂﬁm%%ﬂ%uw”%mﬁ%m
ﬂﬁ,ﬂl@ﬂﬂﬂtﬂ]}lqa&m_zfﬁﬂfﬁeﬂo Or;_XE._erﬁ,.ND_/H.,WAEHdIH.._ZMOmmO‘mWUM\_%nMOEmOWAﬂ
CEpd R tiaw %ag@@mimggkzquaQW¢
=52 A g 1 - i m;iqmgﬂomy7@&mgm1g;%1%
%om“wa@gztmuﬂ.mﬁ%pmmﬂﬂar.mu@@m@ﬂmﬁz#o%@ﬂmﬁéisaﬂu%
_xé%ﬂ&%ﬁ@?ﬁﬁ&%Mﬂﬁﬂ%mxﬂ.%%ﬂﬂm.mﬁmﬂrwﬂwhﬂ_
o RO R Wﬂ_ildgleiiaumﬂd.m Xl R N R M
5 8% dx M wx o 2 uuno]lea%ﬂug_
) 77A1)_AIOZ#O,N

2019

S

3|X| HMi57H M4

54
=]

RN

5
ll

218 | of



ORIGINAL ARTICLE .

o
%
i
o

ek oyt A7 23 Aos AlrdEy,. EAske YEee] FRek 540 weh ot o i

A4 Ao AwAlte 4 I AF AR e @4 AT ARl dig oA 2 I 5%1

A I FRER O w2 AuA I o 278 Atk Aol 7 Aol bl

AP, ET 2ol A F405 nm)S ZABIES 2 d9e A gddTERA YEEd o

0 F2 T3] g veplim®, 3987405 nm A% 717kl et Rl A Sl dist Bk ffl@

oAl gt FFE W, AAE 2 Seslols dHArE Al Ee HdE oju ks 3

AFtolld QLFR #9d FDIFS 9% ouix] & &6 dol7] wieol Aletd Aob da=S _'E

Aoz gets| B Hztes A 7 dgHeR BEs 2 4 fldld mEkA T

A%t 23 R/G A7F 1.93(£0.38) 22 249 FFole AFH d+E To | FEHe 4

A5E A FD 5] Ao wis v gt M2 FHEAS vlustal 1 Aije] whE A Het

=29 FE= TESAY. EY ojuAelM  HRHE AlSs] R 2AE vish] A%t At

APAlt e ohE £ 8= Hole 4= Fasith 2Ry & AtollA A 4 W SR8k

WEESAH. ol AWMl A4 =Rjgtety HzeS dde® 2R A 29 AARE

S0 wE T U 2o AoloflA ZjQlgt FEl ®HEs FEEHe HAdESe A=

ZOR Holuf of] ofof gt Ats Rtk AATFORA ol dAHS Hest Brlske

urebA AAlE T A4e B8] ekl olge]  Alo] Theskth olHd A WHe F

E3 AARE A4S AAStn welsty]  ASE Boistel 1 due] web A oy
S A2 o2 HEsh 2A0] 48D 4 gt PATEMS A8 & Uk 2AS AFSHE Ao

T =
weby QLE 7148 2H8dto] oAt 14 W /M5 Ao e

CHEIRITIRIARRSIR| Ai572 ®as 2019 | 219



ORIGINAL ARTICLE

m =
(=]

1. Marsh PD. Dental plague as a biofilm and a microbial
community — implications for health and disease.
BMC Oral Health 2006;6 Suppl 1:514

2. Pretty |IA, Edgar WM, Smith PW, Higham SM.
Quantification of dental plague in the research
environment, J Dent 2005;33(3):193—207

3. Carter K, Landini G, Walmsley AD. Automated
quantification of dental plague accumulation using
digital imaging. J Dent 2004;32(8):623—628

4. Liu Z, Gomez J, Khan S, et al. Red fluorescence
imaging for dental plagque detection and
quantification: pilot study. J Biomed Opt 2017;22(9):1—
10

5. Coulthwaite L, Pretty IA, Smith PW, et al. The
microbiological origin of fluorescence observed in
plague on dentures during QLF analysis. Caries Res
2006;40(2):112—116

6. K. HC, E. dJdJ, T. FMR, et al. Photobleaching of red
fluorescence in oral biofilms. Journal of Periodontal
Research 2011;46(2):228—234

7. Konig K, Flemming G, Hibst R. Laser—induced
autofluorescence spectroscopy of dental caries.
Cellular and Molecular Biology 1998;44(8):1293—1300

8. Lee H=S, Kim S—K, Park S—W, et al. Caries detection
and quantification around stained pits and fissures in
occlusal tooth surfaces with fluorescence. Journal of
biomedical optics 2018;23(9):091402

9. Kim H—-E, Kim B-I. Analysis of orange/red
fluorescence for bacterial activity in initial carious
lesions may provide accurate lesion activity
assessment for caries progression. Journal of
Evidence Based Dental Practice 2017;17(2):125—128

10. Han SY, Kim BR, Ko HY, et al. Assessing the use of
Quantitative Light—induced Fluorescence—Digital as
a clinical plague assessment. Photodiagnosis
Photodyn Ther 2016;13:34—39

11. Khudanov B, Jung HI, Kahharova D, et al. Effect of
an oral health education program based on the use
of quantitative light=induced fluorescence
technology in Uzbekistan adolescents.
Photodiagnosis and photodynamic therapy
2018;21:379-384

12. Kim YS, Lee ES, Kwon HK, Kim Bl. Monitoring the
maturation process of a dental microcosm biofilm

n|

=
=

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

N

using the Quantitative Light—induced Fluorescence—
Digital (QLF-D). J Dent 2014;42(6):691—696

Lee ES, Kang SM, Ko HY, et al. Association
between the cariogenicity of a dental microcosm
biofiim and its red fluorescence detected by
Quantitative Light—induced Fluorescence—Digital
(QLF-D). J Dent 2013;41(12):1264—1270

Alaluusua S, Malmivirta R. EARLY PLAQUE
ACCUMULATION — A SIGN FOR CARIES RISK IN
YOUNG—CHILDREN. Community Dentistry and Oral
Epidemiology 1994;22(5):273—276

Harada K, Raigrodski AJ, Chung K—H, et al. A
comparative evaluation of the translucency of
zirconias and lithium disilicate for monolithic
restorations. The Journal of prosthetic dentistry
2016;116(2):257—263

Marsh PD, Bradshaw DJ. Dental plague as a biofilm.
J Ind Microbiol 1995;15(3):169—175

Wade WG, The oral microbiome in health and disease.
Pharmacological research 2013;69(1):137—143

van der Veen MH, Thomas RZ, Huysmans MC, de
Soet JJ. Red autofluorescence of dental plague
bacteria. Caries Res 2006;40(6):542—545

Volgenant CMC, Zaura E, Brandt BW, et al. Red
fluorescence of dental plaque in children —A
cross—sectional study. Journal of Dentistry
2017;58:40-47

Lee E=S, De Jong EDJ, Jung H-I, Kim B—I. Red
fluorescence of dental biofiim as an indicator for
assessing the efficacy of antimicrobials, Journal of
biomedical optics 2018;23(1):015003

van der Veen MH, Volgenant CMC, Keijser B, et al.
Dynamics of red fluorescent dental plague during
experimental gingivitis—A cohort study. Journal of
Dentistry 2016;48:71—76

Akcal 1 A, Lang NP. Dental calculus: the calcified
biofilm and its role in disease development.
Periodontology 2000 2018;76(1):109—115

Lee Y—K. Fluorescence properties of human teeth
and dental calculus for clinical applications. Journal
of Biomedical Optics 2015;20(4):040901

Buchalla W, Lennon AM, Attin T. Fluorescence
spectroscopy of dental calculus. J Periodontal Res
2004;39(5):327-332

220 | oy

SHR|TFOIAFEIX| MI573 HM4Z 2019




