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——Abstract

ative children or disabled persons.

molar, marginal ridge

The purpose of this study was to evaluate the ability of Q-ray view (All-in-one Bio, Seoul, Korea) in detection
of proximal caries in primary molars with sound marginal ridges.

Thirty two children aged 3-9 years (average 5.6 + 1.3 years old) were chosen, and two examiners evaluated
100 proximal surfaces of primary molars with sound marginal ridges. The teeth were examined with: (a) visual
examination, (b) Qray view, (c) DIAGNOdent (KaVo, Biberach, Germany) and (d) digital periapical radiography.

Kappa statistic was used to assess the agreement between each examination method and the degree of caries
progression. The kappa values for enamel caries were 0.15 (visual examination), 0.10 (Q-ray view), 0.25
(DIAGNOdent) and 0.68 (digital periapical radiography). The kappa values for dentinal caries were 0.34 (visual
examination), 0.56 (Q-ray view), 0.44 (DIAGNOdent) and 0.70 (digital periapical radiography).

Although Q-ray view showed low diagnostic ability in detection of enamel caries, it was effective in detection of
hidden proximal caries extended into dentin. Q-ray view would be a useful and simple device which could aid
pediatric dentists in detection of hidden proximal caries in primary molars especially when examining uncooper—-
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Fig. 1. Q-ray view is composed of goggle and device which emits visible
blue light.

Fig. 2. Semilunar shaped red fluorescence is observed at the distal surface
of mandibular right first primary molar which indicates progression of
proximal caries into the dentin. The image was captured with macro lens,
SURPASS-i (YuSangtech, Bucheon, South Korea) mounted to the
iPhone (Apple, Cupertino, USA).
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Inclusion criteria

-100 primary molars of children aged 3-9 years old
-No pre-existing restorations or destruction of marginal ridges

Visual . Digit:al
WS S Q-ray view DIAGNOdent pe.rlaplcal
radiography
Grade Grade Grade Grade
1 1 1 1
2 2 2 2
3 3 3 3
1 | | |
Compare with the degree of caries progression
observed during the restorative treatment
Fig. 3. Design of the clinical study.
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Table 2. Distribution of treatment according to the degree of caries
progression

Degree of caries progression Treatment Number
No proximal caries observed Preventive treatment 16
Restorative treatment 0
Pulp treatment 0
Enamel caries observed Preventive treatment 24
Restorative treatment 5
Pulp treatment 0
Dentinal caries observed Preventive treatment 0
Restorative treatment 54
Pulp treatment 1
Total 100
Table 3. Distribution of treatment
Treatment Number
Preventive treatment 40
(prophylaxis and/or topical fluoride application)
Amalgam/Resin/ Glass ionomer filling 56
Resin/Glass ionomer filling after indirect 3
pulp capping with Theracal
Pulpotomy & SS crown 1
Total 100

Table 1. Distribution of scores examined by visual examination, Q-ray view, DIAGNOdent and digital periapical radiography in comparison with the

degree of caries progression observed during the treatment

Degree of Visual examination Q-ray view DIAGNOdent Digital periapical radiography
caries progression 1 2 3 1 2 3 1 2 3 1 2 3
1 12 4 0 14 2 0 15 1 0 16 0 0
2 17 12 0 21 8 0 22 5 2 9 18 2
3 22 13 20 5 18 32 14 13 28 2 11 42
Total 51 29 20 40 28 32 51 19 30 27 29 44
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Table 6. Kappa values for detection of proximal caries confined to enamel

detection of proximal caries confined to enamel Examination method Kappa value 95% CI
el Digital Visual examination 0.15%%* 0.01-0.29
V1§ua . Q-rayview DIAGNOdent  periapical Q-ray view 0.10%%* 0.18-0.52
examination .
radiography DIAGNOdent 0.25%** 0.12-0.38
Sensitivity 0.41 0.28 0.17 0.62 Digital periapical radiography 0.68%*** 0.51-0.85
Specificity 0.77 0.72 0.80 0.85 Kappa statistic (*** : p <0.001)
Sum 1.18 1.00 0.97 1.47 CI = confidence interval

Table 5. Sensitivities and specificities of each examination methods for
detection of proximal caries extended into dentin

Table 7. Kappa values for detection of proximal caries extended into
dentin

Visual Digital
1§ua . Q-rayview DIAGNOdent  periapical
examination .
radiography
Sensitivity 0.36 0.58 0.51 0.96
Specificity 1.00 1.00 0.96 0.96
Sum 1.36 1.58 1.47 1.92

Examination method Kappa value 95% CI

Visual examination 0.34%** 0.21-0.47
Q-ray view 0.56%** 0.41-0.70
DIAGNOdent 0.44%** 0.29-0.59
Digital periapical radiography 0.70%** 0.57-0.84

Kappa statistic (*** : p <0.001)
CI = confidence interval



J Korean Acad Pediatr Dent 42(3) 2015

QLFE o] 3td wgwy) Baue] 27 93 Was 4%
Ao g gy & Quh™® e 27)9 QLF AW & W
of g ¢ Bz 74]7]_ Qlguhene AE

Té]IOE = 101'1;'7)i ]E‘
2l 7 7H et FEje] QLFE '2d& AFsa 201140
© 5 34 89 gAY olnlx] AAE A A G 7
2t Feile] QLF-D7F 7REE T2 QLF-D& 2|0} %Zﬂ
¢l Wglo] otk §3e] Wste} porphyrinel o8 A ¥ =
g3 25 14 + vl Q-ray views 01315}
QLF-D7} AHg-9] Aol & 9138l 2skd Feetn & ¢ .

T2 A Hl A B s F24 3 7 U Al <
3 345+ porphyrin® metalloporphyrinel &3k Zo]th?.
Porphyrin® metalloporphyring 3984 421 nm Ale]<]
) &4 34 (absorption maxima)< 7HA 3L 21e] 405 nm]
FEA Palo] AP AF F2A9 3 BET U,

7]— 1,H }\-ﬂ = ?gr,].] ‘6‘37]}\4 xﬂ-ﬁLo] -‘%‘rﬁ.}\ﬂ ’63,\4-/] Q]O]Oi
LA Lactobacilli, Actinomycetes$} P. intermedia®
S FES Uehlin] T2 Aol zbA] AEgH A Al
Aol A JFEAT™ | §-2] BlAdA BEE s H24 gge
Streptococcidl &gk A2 obum, A7) Aol EAste A
glo] SA o2 Qg Aozt & 4 o, ey A A H
7V FAA EA8HE F9lolA = Streptococci®t e 2194
A3t (cariogenic bacteria)E F3+ Bo] ad Aolt}

¢

A

K]
RS |

[¢

E“rl i
-
4

l"

£ AFolA Qray views WHEFEAZA] JPE AHH +
<9 @A e 2 e UrE‘rIH?iE‘r. HEd 4

o) 7l

fiAe = =

E9ko] A=
= no,
Q-ray view/} Q1HHe] HEA
£ Yehd olfr= 3A F 7 ol
A, A Y] Y x| B o
o] QLF= 343 7iete] o9 4 A==

s 271 $438 Bk

o &t Qray views]
3 A oA A8 AE
].;(} 1} o 0 ol;q =1

3 ux] 3= Eﬂ—‘E s
=4, B3] ARlo] He Al
Aol A= Streptococci”t
e StreptococmL 405
nm 3739 ‘3-!:% -71\-*} stls Wl 259 92w w
A o2 AR Streptococci7t $FAIS 27| HIE -4

RANAE BN FFS BRA) YE Ao= Yt

¥ A7 A% f7A) MAgHe] salws] A AHA 34
F 271 B 3§ ATARE A 7edol w0
QYA AAGH A B FPANE AT IO
*Jéé}ELHl AA AR F AARE B HFER 18

214

1%E

Ak, wel

1—’?ﬂ§

ol ] 5)7]

)
fu ofN
U o
BN
ol
Ir
Nl
lo ¢

3ol 271

4 SaE feid
Qrray views Apgl] shedsiel Lol
A A 4 itk DIAGNOdentE A& i

st W 29eke Yol BAHTY, Qray views A

SERE
o]

Az

39 e A W el $A0] EAlsE ¥

4] A 9l8}(evidence-based dentistry) 2] 7Hdel &
QOW} A Aot HoAse e A A A4 &
olstaL A AR 7|Ntet iS4 Y3t} Qray views
A dE FEE AFstER 0131:} 2] €]8} ofe] Wslst
FAol A 21 &2 A7E 2 A om 7 e
a8y Qray views UM AHEE = B 71A] ¢
o] Slt}h. Q-ray views L7dellA "‘Zﬂi A}%Q
opd At X4
ong A4 AR} 1”“*]”}'* &9 H
5 Az Aldste glo] Fge 494E de
T3 Qray views AHEE % A3 29| dental light7} &
Z Ao JgE & 4 7] Wi, dental lightE 113 Q-
ray view= X|ool] W& ZAleto] g3 pasio]of g,

o &
A7t e A5, 29 218 Jme)
gAatr] gl A2 BAMIARLE #Ys
=3 Q—ray views #EE = o|n|A & 4T
& FeE FEslelA YAl = %87
viewE AHE-gH A A= X FojAte] B
2249 JHYg WAl of gt} aate 0431 713’\}
2 ofdolo] AT AojFd B I P =
Ao yeste] Ak 2 27 AAL sfof & Ao|t},
B AT A3} Qray viewe HAgA 0] Hjg x| ¢ka Ao}
A7k ZgE ?1194 AW 259 "Ad ZHA e
t}. 131‘/} NS 27t A

OM of 8 J_«]

F

l'U

L

A Zﬂ-zﬂ.

r

Al & Qray viewz #HEAI S

—é
1
o
k)

|

]

<



v.2d £
B ATe 2 AEA AL X ok-A5 HAHIQ Qray
view7} WAgAdo] AAg fF7x]9 AW 255 A4S
228 E ¢ U=AE WM BHo AFATE A3t
O 22 2EE A
H = Jd7A APE AFH 25l i Qray
viewe] XHetd & "ojg o} wdgHo] g Hr] A
FotAA A =& AW 259 "HAdl= EA 0l
ot AR A Q-ray viewE AFHEE A Aol A8
£ U¥A 5SS E@Xske 5ol d4E Aot Qray
views opx| T A7E X FE o] FEgh of o} AofiQl
ARG o, F729 & dFH $25E FAGE U =2
= T e fréstan e Rxegu|rt g o2 7
References

1. Mo KH, Yoon JH, Kim SG, Lee SH : Detection of
proximal caries using laser fluorescence. J Korean
Acad Pediatr Dent, 31:323-330, 2004.

2. Wilson PR, Beynon AD : Mineralization differences
between human deciduous and permanent enamel
measured by quantitative microradiography. Arch
Oral Biol, 34:85-88, 1989.

3. Seol JH, Oh YH, Lee NY, Lee SH : Detection of ear-

ly proximal caries with laser fluorescence. J Korean

Acad Pediatr Dent, 31:236-246, 2004.

Mejare I, Grondahl HG, Ottosson E, et al. :

Accuracy at radiography and probing for the diagno-

sis of proximal caries. Eur J Oral Sci, 93:178-184,

1985.

5. Kim YH, Kang BC : The value of periapical radi-
ograph in the diagnosis of interproximal Caries.
Korean J Oral Maxillofac Radiol, 30:49-54, 2000.

6. White SC, Atchison KA, Hewlett ER, Flack VF :
Efficacy of FDA guidelines for ordering radiographs
for caries detection. Oral Surg Oral Med Oral
Pathol, 77:531-540, 1994.

7. American Academy of Pediatric Dentistry :
Guideline on prescribing dental radiographs for
infants, children, adolescents, and persons with spe—
cial health care needs. Pediatr Dent, 34:189-191,
2012.

8. Newman B, Seow WK, Holcombe T, et al. : Clinical
detection of caries in the primary dentition with and
without bitewing radiography. Aust Dent J, 54:23-
30, 2009.

9. White SC, Pharoah MJ : Oral radiology: Principles

215

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

J Korean Acad Pediatr Dent 42(3) 2015

and interpretation, 7th ed., Mosby, 271-298, 2014.
Konig K, Flemming G, Hibst R : Laser-induced aut-
ofluorescence spectroscopy of dental caries. Cell Mol
Biol (Noisy-le—grand), 44:1293-1300, 1998.

van der Veen MH, Thomas RZ, Huysmans MC, de
Soet JJ : Red autofluorescence of dental plaque bac—
teria. Caries Res, 40:542-545, 2006.

Hope CK, de Josselin de Jong E, Higham SM, et al.
. Photobleaching of red fluorescence in oral biofilms.
J Periodontal Res, 46:228-234, 2011.

Lussi A, Hellwig E : Performance of a new laser flu-
orescence device for the detection of occlusal caries
in vitro. J Dent, 34:467-471, 2006.

Farah R, Drummond B, Swain M, Williams S :
Relationship between laser fluorescence and enamel
hypomineralisation. J Dent, 36:915-921, 2008.
Neuhaus K, Longbottom C, Ellwood R, Lussi A :
Novel lesion detection aids. Monoqr Oral Sci, 21:52-
62, 2009.

van der Veen MH, de Josselin de Jong E :
Application of quantitative light-induced fluores-
cence for assessing early caries lesions. Monoqr Oral
Sci, 17:144-162, 2004.

Alammari MR, Smith PW, de Josselin de Jong E,
Higham SM : Quantitative light-induced fluores—
cence (QLF): A tool for early occlusal dental caries
detection and supporting decision making in vivo. J
Dent, 41:127-132, 2013.

Stookey GK @ Quantitative light fluorescence: A
technology for early monitoring of the caries process.
Dent Clin North Am, 49:753-770, 2005.

Al-Khateeb S, Forsberg CM, de Josselin de Jong E,
Angmar-Mansson B @ A longitudinal laser fluores-
cence study of white spot lesions in orthodontic
patients. Am J Orthod Dentofacial Orthop, 113:595-
602, 1998.

Tranzus S, Al-Khateeb S, Angmar-Mansson B, et
al. : Application of quantitative light-induced fluo—
rescence to monitor incipient lesions in caries-active
children: A comparative study of remineralisation by
fluoride varnish and professional cleaning. Eur J
Oral Sci, 109:71-75, 2001.

Eggertsson H, Analoui M, Stookey G, et al. :
Detection of early interproximal caries in vitro using
laser fluorescence, dye-Enhanced laser fluorescence
and direct visual examination. Caries Res, 33:227-
233, 1999.

Transeus S, Angmar-Mansson B @ Quantitative



J Korean Acad Pediatr Dent 42(3) 2015

23.

24,

25.

26.

27,

28.

light-induced fluorescence measurement-a future
method for the dentist?. Quintessenz, 53:131-141,
2002.

Kim BI : QLF concept and clinical Implementation.
The Journal of the Korean Dental Association,
49:443-450, 2011.

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

Koenig K, Schneckenburger H : Laser-induced auto—
fluorescence for medical diagnosis. J Fluoresc, 4:17-
40, 1994.

Coulthwaite L, Pretty IA, Verran J, et al. : The
microbiological origin of fluorescence observed in
plaque on dentures during QLF analysis. Caries
Res, 40:112-116, 2006.

Banerjee A, Yasseri M, Munson M : A method for
the detection and quantification of bacteria in
human carious dentine using fluorescent in situ
hybridisation. J Dent, 30:359-363, 2002.

Munson M, Banerjee A, Watson T, Wade W :
Molecular analysis of the microflora associated with

216

29.

30.

31.

32.

33.

34.

35.

dental caries. J Clin Microbiol, 42:3023-3029, 2004.
Wicht MJ, Haak R, Noack MJ, et al. : Suppression
of caries—related microorganisms in dentine lesions
after short-term chlorhexidine or antibiotic treat—
ment. Caries Res, 38:436-441, 2004.

Nyvad B, Kilian M : Microbiology of the early colo—
nization of human enamel and root surfaces in vivo.
Scand J Dent Res, 95:369-380, 1987.

Al-Ahmad A, Follo M, Hanning C, et al. : Bacterial
colonization of enamel in situ investigated using flu-
orescence in situ hybridization. J Med Microbiol, 58:
1359-1366, 2009.

Lennon AM, Buchalla W, Attin T, et al. : The abili-
ty of selected oral microorganisms to emit red fluo—
rescence. Caries Res, 40:2-5, 2006.

Murdoch-Kinch CA, McLean ME : Minimally inva-
sive dentistry. J Am Dent Assoc, 134:87-95, 2003.
Lussi A, Hibst R, Paulus R : DIAGNOdent: an opti-
cal method for caries detection. J Dent Res, 83:80-
83, 2004.

Pretty IA, Edgar WM, Higham SM : The effect of
ambient light on QLF analyses. J Oral Rehabil, 29:
369-373, 2002.



J Korean Acad Pediatr Dent 42(3) 2015

ZEEE
Q-ray viewE 0|88t 77X|2] &2 CIHH AIZ X
HoAZ' - o|FM? - FYZT' - OfHM= - HHAY - ML
A S X 2l 8} Asofpx| HEtw
738 g . x| o) st et Arolx| et w Al

¥ A= Qray view (All in one Bio, Seoul, Korea)7} ©¢l-gAlo] g2 5]x] @& f1x]9] 1AW 435S F43
Al d g Q=R GotE At ahltt

T o] Aolx| oAbz} 3-94] Alele] ofglo] 329 (HAH 5.6 £ 1.34)< FA AW 1007 AR, Qray
view, DIAGNOdent (KaVo, Biberach, Germany), HAE X ¢k ¥AMAARR Zej o 2 9 7}a9i

ZF AAPHEE A A5 Al #EE QW 9250 A8 =S vwstS W, W 925 tigh kappa#-S A1A,
Q-ray view, DIAGNOdent, A8 A2 WARIAR & 2.2 (.15, 0.10, 0.25, 0.68°13101, Fopd -2l o

3t kappa#ta 0.34, 0.56, 0.44, 0.70°]%4c}.
Qray views JoHA7A] AP FT2 9 £ AW TS HAlGE Ul B
H7FE 5 & o= 7diE
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