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A comparison of film and 3 digital imaging systems for natural dental caries detection:

CCD, CMOS, PSP and film

Won-Jeong Han

Department of Oral and Maxillofacial Radiology, School of Dentistry, Dankook University

ABSTRACT

Purpose : To evaluate the diagnostic accuracy of occlusal and proximal caries detection using CCD, CMOS, PSP
and film system.

Materials and Methods : 32 occlusal and 30 proximal tooth surfaces were radiographed under standardized
conditions using 3 digital systems; CCD (CDX-2000HQ, Biomedysis Co., Seoul, Korea), CMOS (Schick, Schick
Inc., Long Island, USA), PSP (Digora®FMX, Orion Co./Soredex, Helsinki, Finland) and 1 film system (Kodak
Insight, Eastman Kodak, Rochester, USA). 5 observers examined the radiographs for occlusal and proximal caries
using a 5-point confidence scale. The presence of caries was validated histologically and radiographically.
Diagnostic accuracy was evaluated using ROC curve areas (Az).

Results : Analysis using ROC curves revealed the area under each curve which indicated a diagnostic accuracy. For
occlusal caries, Kodak Insight film had an Az of 0.765, CCD one of 0.730, CMOS one of 0.742 and PSP one of
0.735. For proximal caries, Kodak Insight film had an Az of 0.833, CCD one of 0.832, CMOS ore of 0.828 and
PSP one of 0.868. No statistically significant difference was noted between any of the imaging modalities.
Conclusion : CCD, CMOS, PSP and film performed equally well in the detection of occlusal and proximal dental
caries. CCD, CMOS and PSP-based digital images provided a level of diagnostic performance comparable to

Kodak Insight film. (Korean J Oral Maxillofac Radiol 2004; 34 : 1-5)
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19879 A Fuaed 4 CCD #Au]gl Radio Visio
Graphy (RVG, Trophy Radiologie, Vincennes, France)$}
19943 | zo] *|z}& PSP AH|al Digora (Orion Co./Sore-
dex, Helsinki, Finland)7} Avl€ o]=), A= CCD, CMOS,
PSP7} ElA® FubAbeIAze] A 484 (image receptor)
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Co., Rochester, USA)E Al4-3l¢ith =2A|71-2 03222
22 A/T2000XR (Air Techniques Inc.,
Hicksville, USA)RFE-8A17] & o] g-3ted WAFsigich.
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(1) CCD£ o] 438 448E

CDX-2000HQ (Biomedisys Co., Seoul, Korea)?] CCDE
A8 o™, active area= 30 X 20 mun, pixel size: 22 X 22
pm, image matrix¥ 672 X 448 o]t}

(2) CMOSE o] &8 4485

Shick (Schick Inc., Long Island, USA)2] CMOSE A}-4-3}
Qo active areax 30 X 20 mmeo]t}.

(3) PSP& ©] &3 F3Y5

Digora®FMX (Orion Co./Soredex, Helsinki, Finland)2] <3
Adate Alaslel o] odAFEEe] active areal 30 X 40 mm,

pixel sizer= 64 x 64 um, image matrix:= 466 x 628 o|c}.
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£ 9138 Digora Z2 & o] 43l R34

5) ZEISIA A740|Me Rlof RAIE Tt

BRARA &) o] Byt x| ofE wi ek gl Al X (cemento-
enamel junction)ell X Hsk & X3P @& FHHA
(Dentsply, Calk Co, USA)el] Zujslgc). o] F A ol5-2 500
um FA 8] A8 Ed (Isomet rotaty saw, Velnus Co.,
Japan)e] &R 2Hd 7] (microtome) gl 3] 2ol
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(Stereomicroscope, $SZ40, Olympus Co, Tokyo, Japan)& o]
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Table 1. The area under the ROC curve for occlusal caries
detection by the 5 interpretators

ro
1o
0z

Table 3. The area under the ROC curve for proximal caries

detection by the 5 interpretators

Digital system

Interpretator ~ Film
CCDh CMOS PSP
1 0.821 0.747 0.754 0.732
2 0.843 0.775 0.781 0.761
3 0.739 0.729 0.696 0.693
4 0.688 0.715 0.761 0.711
5 0.708 0.691 0.726 0.733

Interpretator Film

Digital system

CCD CMOS PSP
1 0.786 0.829 0.817 0.847
2 0.852 0.818 0.808 0.889
3 0.834 0.833 0.856 0.886
4 0.884 0.849 0.839 0.891
5 0.846 0.829 0.832 0.849

Table 2. ROC curve areas for occlusal caries detection with 4
imaging modalities

Table 4. ROC curve areas for proximal caries detection with 4
imaging modalities

Digital system
CMOS

Film

CCD PSP

Digital system
CMOS

Film

CCD PSP

Az 0.765 0.730 0.742 0.735

Az 0.833 0.832 0.828 0.868

1.00

75 -

Sensitivity
W
=)
1

25 -

0.00 25 50 5 1.00
1-Specificity

Fig. 1. ROC curves obtained from 4 imaging modalities for
occlusal caries.
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Fig. 2. ROC curves obtained from 4 imaging modalities for
proximal caries.

0.833, CCD|A}+= 0.832, CMOS| 4= 0.828, PSPoA &=
0868515 7 Japaziel Azgte] 213 Aholsh gadTHp
=0.06).

o &

X o} $-41Z9] Aetsol W3 ROC FA A4S T3
Az wgdH $A1Zd4 Kodak Insighte 0.765, CCD:
0.730, CMOS¥= 0.742, PSP 0.735Q.1 4™ $-4] =0 A]
3+ Kodak Insight7} 0.833, CCD: 0.832, CMOS*= (.828,
PSPi= 0.868%th. =3t 7F odabyizhe) Azzhe #2& }ol

—3—



2
°
0
1>
ol
]
Al
=
1]
il
Oﬂ:

PAHALRIALEE CIRIE SrARM OSat

7 ggleme B3t gD A Aok 942 AP

Zea B 4 gloh

Wenzel 272 47} tAQAH)Z o] £-3}o] Xo} -4
%“W“&-%ﬂdﬁ44ﬂﬂ A7 Digra,
RVG, Sens-A-Ray, Visualix 04”01]/\% ) Ay oAl

Zoll =gk #AE Alsslad) Pt ROC LA shiba A o
°]7§j¢1 LA Z A= 0.611, 0572 0594 0.5960]¢ 31 w3}
H 2= A= 0.794, 0.819, 0.751, 0.761 0] g o oIAlH]
ko] fo7t Abolrt gelermz 47kx] YA EAN|AM F
U3t Ao} $A = Achs-& ZHevhy B wslg)h

Nair 5'*.2 Kodak Insight 2&3} CMOS-APS t]z| €A}
NA FLE AAHH FAF AdsS vt By

Hintz $%'& 4712] 3] PSP Au]3} E-speed &4 o] &
Ste] 2o} $A1F A5 AL Hrtesioh =g A2
< 2527 10%} 25%=2 AAste] wlm3t A3
Ao A=) A= Ha g 7akd] 25%9] 0.1 =3
Azl A HE(Az=0.69)3} DenOptix (Az=0.68), Digorap,.
(Az =0.69), Digorayic (Az=0.69)0)A] $-213 X}o] x|
2 kskem, Wi 25| Digoray, (Az=0.81)7}
o2 PSPAI2Ele) Hls|A Ashso] 714 Agsldeiy B
a3k

B Ad7e mEgH $ASdA Az 32 oA 9+
AzZ} (0.7-0.8)3F FARSEAIRE QAW $A1F] A fol=
Wenzel 53} Hintz $%'¢] d7dlAe Azzk(0.5-0.6)x.c}
=) At -7—%}5101 Hulq [FA] Z27] X} —‘?*"‘
Zoz W=y AL false positive7} Gobx{A] Azgkel] of3
< A £ ﬁl‘:}. B ATl ARS-H AW 92129
Solld= o}go] FAER -2 (non-cavitation) -2} F
oljzt 2}E3A (cavitation)d $AlZ2% T o] oA
F2] Azgtst ezt e Aoz AAEG £§ burgk o
f3te] FAHo e dF $ARAS o438 P np 2P
o] 9] Aol Azghe 09 o] oz B AT ©f
43 Al Aof A FMEY Z Azt E Ze o B
E1A 5]?\15} °]h At A A Bl 1F A A0
e Astg vehdels Kang 579 d373z}e}

g 2 oﬁl O

—_

o ]Eé FH AR AgE ] 1 AL A 42
& WMoz Adte M eEEgS P2
% Qlvke Zlo|th Wakoh 5 A" dAbgule] x5
Zhay A dynamic rangest #go] Qldhal &gl
CCD AlME= F& dynamic ranges 7M1 glem] HEZR
AbeFel 25-50% A=) xFol Akl {4315 PSPIAH
¥ dynamic range-& 7}A| E-speed BFollA 273}
EFATY 6%ME F2 oW E A& % I
L7 25% 2Z2A NN Adse] $-4F ofn]A]
d¢ & oz sk 9, Hin 'S A2 92
FAi7ke] PSP Aj2Ele] Ao F3FE F 4 Yokn 3}

il n]m rlr r|o

9| H|m; CCD, CMOS, PSP} film

Rt

olg]dt dFES A= dte| E AFoIME =EAZ
52 032%, CCD, CMOS, PSP 2F :=Z A7) q:
30%<1 01022 39wt &% Faoe B3t v
Heod o] Azgbel HE9 Azzts} 238 zhelr} ¢isich

2 Aol A AR CCD AIM ] HA A7) 22 ume]at
A =E 11.21p/mmo|m, PSP JAt#e] A =171 64 um
ol #AEE 6-8lp/mmeltt FHHEQ] A== 201p/
mmz. A" JANEG & s 7RI Qloh

Wenzel®-& XJo} $4120) zghe] glo]X =R}
] &= (contrast)7} 1:1 ‘6]—_—17_ =2 gzxst A A
445 woled o & Lgle] Hepx st B A7
ANz AEH WP = 7‘} 17} U HR "I Azgtel

25 Azztt f-28k xpelrt vpehtx] gke} sjAt=r) X
of $A1Z Aol ZA L34 5S¢ Uitk

g3, Tyndall 57 QAW 4% AxkA] IR}
deolz Yz}l ¥ (brightness)S AT 7%} oA+
A2l E A 4 Fere o) Ao Uity B
3Rk ool F9) bR AR o34 AHEE &2
Moz A4 4 g)== F (training)F A ok HL
B9k 28l 2E fAY gAY AHele AdsS U117
Ed 8% 2<le|ARt HAA ] Syl ozt dehA

ke AS AR a £ 4 Qv 25 9 AE 5
= GA7rzIE Ao $A150] Aldgel wIAE odgke] o
g A7) A3 elor & Aoz A7

©.

dngs

[y

. Stookey GK, Jackson RD, Ferreira Zandona AG, Analoui M. Dental
caries diagnosis. Dent Clin North Am 1999; 43 : 665-77.

2. Wenzel A. New caries diagnostic methods. J Dent Educ 1997: 57 :
428-31.

3. Versteeg CH, Sanderink GC, van der Stelt PF. Efficacy of digital
intra-oral radiography in clinical dentistry. J Dent 1997; 25 : 215-24.

4. Wakoh M, Kuroyanagi K. Digital imaging modalities for Dental
practice. Bull Tokyo dent Coll 2001; 42 : 1-14.

5. Brettle DS, Workman A, Ellwood RP. The imaging performance of a
storage phosphor system for dental radiography. Br J Radiol 1996; 69
1 256-61.

6. Welander U, McDavid WD, Sanderink GC, Tronje G, Morner AC,
Dove SB. Resolution as defined by line spread and modulation trans-
fer functions for 4 digital. Oral Surg Oral Med Oral Pathol 1994; 78 :
109-15.

7. Wenzel A. Effect of image enhancement for detectability of bone
lesions in digitized intraoral radiographs. Scand J Dent Res 1988; 96 :
149-60.

8. Yoshiura K, Kawazu T, Chikui T, Tatsumi M, Tokumori K, Tanaka
T, et al. Assessment of image quality in dental radiography: part 2.
optimum exposure conditions for detection of small mass changes in
6 intraoral radiography systems. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1999; 87 : 123-9.

9. Mgystad A, Svanaes DB, Risnes S, Larheim TA, Grondahl HG. De-

4



10.

13.

14.

15.

i6.

17.

tection of approximal caries with a storage phosphor system; A
comparison of enhanced digital images with dental x-ray film. Den-
tomaxillofac Radiol 1996; 25 : 202-6.

Verdonskhot EH, Kuijpers JM, Polder BJ, De Leng-Worm MH, Bron-
khorst EM. Effects of digital grey-scale modification on the diagnosis
of small approximal carious lesions. ] Dent 1992; 20 : 44-9.

. Dove SB, McDavid WD. A comparison of conventional intra-oral

radiography and computer imaging techniques for the detection of
proximal surface dental caries. Dentomaxillofac Radiol 1992; 21 :
127-34,

. Hintze H, Wenzel A, Jones C. In vitro comparison of D- and E-speed

film radiography, RVG and Visualix digital radiography for the detec-
tion of enamel approximal and dentinal occlusal caries lesions. Caries
Res 1994; 28 : 363-7.

Wenzel A, Borg E, Hintze H, Grondahl HG. Accuracy of caries diag-
nosis in digital images from charge-couped device and storage pho-
sphor systems: An in vitro study. Dentomaxillofac Radiol 1995; 24 -
250-4.

White SC, Yoon DC. Comparative performance of digital and con-
ventional images for detecting proximal surface caries. Dento-
maxillofac Radiol 1997; 26 : 32-8.

Nielson LL, Hoernoe M, Wenzel A. Radiographic detection of cavita-
tion in approximal surfaces of primary teeth using a digital storage
phosphor system and conventional film and the relationship between
cavitation and radiographic lesion depth: An in vitro study. Int J
Paediatr Dent 1996; 6 : 167-72.

Wenzel A. Digital radiography and caries diagnosis. Dentomaxillo-
facial Radiol 1998; 27 : 3-11.

Tyndall DA, Ludlow JB, Platin E, Nair M. A comparison of Kodak

18.

19.

20.

21.

22.

23.

24.

25.

26.

3

o
Y

Ektaspeed plus film and the Siemens Sidexis digital imaging system
for caries detection using receiver operating characteristic analysis.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1998; 85 : 113-8.
Nair MK, Nair UP. An in vitro evaluation of Kodak Insight and Ekta-
speed Plus film with a CMOS detector for natural proximal caries :
ROC analysis. Caries Res 2001; 35 : 354-9.

Matsuda Y, Hanazawa T, Seki K, Araki K, Okano T. Comparison
between RVG UI sensor and Kodak Insight film for detection of inci-
pient proximal caries. Oral Radiol 2002; 18 : 105-11.

Abreu M, Mol A, Ludlow JB. Performance of RVGui sensor and Ko~
dak Ektaspeed Plus film for proximal caries detection. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2001; 91 - 381-5.

Hintze H, Wenzel A, Frydenberg M. Accuracy of caries detection
with four storage phosphor systems and E-speed radiographs. Dento-
maxillofac Radiol 2002; 31 : 170-5.

SR, 454 AT QAT HokAlFe] FHPAIAAS
A o3asl Aeky Bk HRTFIRIAAEIA 199424
439-50.

0] A4 b F AW AoksAzel dAd edg A
W 7} o) g 7operebu A 8F 81X 2003; 33 : 915,

o gk oY= CCD HAY ARG 27 o|aheAE
o Ay Hrlel A QT el 2003;
33:27-33.

Kang BC, Farman AG, Scarfe WC, Goldsmith LJ. Observer differen-
tiation of proximal enamel mechanical defects versus natural proxi-
mal dental caries with computed dental radiography. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 1996; 82 : 459-65.

Wenzel A. Digital imaging for dental caries. Dent Clin North Am
2000; 44 : 319-38.



