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ABSTRACT 
The aim of this study was to compare the validity of ICDAS and WHO systems in detecting incipient occlusal 
carious lesions. 106 areas of 53 teeth were selected from 33 volunteers aged between 16 and 65. The selected 
areas were evaluated by visual examination using WHO and ICDAS II criteria for detecting carious lesions. All 
the surfaces were assessed by two different examiners. The teeth were then extracted, visual and histological 
evaluated. McNemar test was used to compare the performances of the different visual methods and the 
different examination conditions. Inter- and intra-examiner reproducibility was assessed using the Kappa test. 
Higher sensitivity and specificity values were obtained for visual examination using the ICDAS system both in 
vivo and in vitro. The level of inter-examiner agreement during the visual examination through the WHO 
system was lower than in the case of the ICDAS II system. ICDAS II system showed good performance in early 
occlusal caries detection. 
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INTRODUCTION 

Although the occlusal surfaces account for 
only 12.5% of the surfaces exposed to the 
caries attack, studies have shown that 
between 80-90% of the overall carious lesions 
occurred during childhood and adolescence 
are located in the occlusal pits and surface 
cavities (1, 2). Given that these carious 
lesions have an increased incidence and that 
they need quite a long time to turn into 
cavitary lesions (1, 3), dentists may find the 
lesions in different stages of their evolution 
and treat them as conservatively as possible.  

Much of the previous research, based on 
the correlation between the histologic and the 
clinical changes of the carious lesions, 
reported a high specificity of the visual 
diagnosis (4). Nevertheless, the low 

sensitivity of the visual method in detecting 
the incipient signs of the caries disease makes 
dentists underestimate the prevalence of the 
caries disease (5), thus many of the carious 
lesions remaining untreated (5) or the 
consequence being an overtreatment of the 
lesions by sealing.  

In epidemiological surveys the carious 
lesions are usually diagnosed according to the 
WHO criteria. Three of the four criteria of the 
system help make a diagnosis for the 
irreversible stages of the carious lesions, 
characterized by enamel disruption or dentin 
exposure. For the most part these lesions are 
much extended into the dentin and are 
evolving rapidly (6). Hence the necessity to 
introduce more subtle diagnostic systems, that 
can record the carious lesions in their 
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noncavitary early stages. The International 
Caries Detection and Assessment System 
(ICDAS) allows clinicians, epidemiologists 
and researchers make a diagnosis based on 
objective clinical signs, standardizing the data 
collected and comparing them to those of 
similar studies. This system provides a better 
understanding of the caries disease and its 
management in the population, as well as at 
the individual level (7). Systematizing the 
literature concerning the systems of clinical 
detection of carious lesions (4) and data from 
other sources (8, 9, 10, 11, 12, 13) helped 
build international consensus on diagnosing 
carious lesions. 

The aim of this study was to compare the 
validity of ICDAS and WHO systems in 
detecting incipient occlusal carious lesions. 

 
MATERIAL AND METHODS 

Subject selection 
The subjects included in this study were 

33 volunteers aged between 16-65 presenting 
at least a molar or a premolar with indication 
for extraction (for periodontal or orthodontic 
reasons). All patients have given their written 
consent to participate in this study. The 
criteria for inclusion in the research sample 
were the fact that the selected teeth should not 
present restorations or occlusal sealings, 
hypoplastic or fluorosis lesions, carious 
lesions with evident cavity or advanced 
carious lesions on the smooth facial or oral 
surface or on the proximal surfaces. After 
careful power brushing of the tooth surfaces 
with some water, drawings were made of the 
occlusal surface in order to show the areas 
indicated for examination. 106 areas of 53 
teeth were selected (mesial, distal or central 
occlusal pits). 

 
Examination methods 
The selected areas were evaluated by 

visual examination using WHO and ICDAS II 
criteria for detecting carious lesions. All the 

surfaces were assessed by two different 
examiners (S.S. and P.G.) who had been 
trained in using both systems of detection of 
carious lesions. The examiners visually 
analysed each area independently  while the 
patients were seated on the dental chair  
using the dental chair light and a plane mouth 
mirror, and then drying with the water/air 
spray of the unit. The diagnostic criteria from 
a clinical point of view are presented in Table 
I. The teeth were examined wet, and then 
dried with compressed air. After the 
examination the teeth were extracted, washed 
with tap water, and the organic fractions were 
removed with a manual drainage instrument, 
then the teeth were kept in saline solution for 
10 days, until the study was completed. For 
the in vitro visual examination the teeth were 
taken out of the saline solution and analysed 
under the light of the dental unit, the distance 
between the examined surface and the 

teeth were examined wet and then they were 
dried up with the dental unit spray. After 10 
days the examiners repeated the in vitro 
examination of the same surfaces. 

 
Histological validation 
On the extracted teeth sections were 

performed perpendicular to the occlusal areas 
of interest using active edge diamond 
abrasive discs, continuously cooled by flow 
of water. The sections were then manually 
polished using abrasive paper with decreasing 
granularity (1,200, 1,000, 600 and 400 
respectively). Both examiners evaluated the 
sections made for every area using a 
stereomicroscope (Neophot 21) with a 
magnifying power of 20X. The carious 
lesions were classified according to Ekstrand 
criteria (14) set in Table I. 

 
Statistical analysis 
In the case of each diagnostic system 

sensitivity and specificity were calculated for 
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the carious lesions included in the D1 for 
WHO system and having 0, 1 and 2 score in 
ICDAS system. McNemar test was used to 
compare the performances of the different 

methods and the different examination 
conditions for each method. Inter- and intra-
examiner reproducibility for each system was 
assessed using the Kappa test. 

 
Visual examination 

ICDAS criteria 
Visual examination 

WHO criteria Histological examination (H) 

Code 0 Sound tooth surface: no evidence of 
caries after prolonged air drying (5 s) 

D0 Sound tooth 
surface 

H0 No enamel demineralisation or a 
narrow surface zone of opacity 
(edge phenomenon) 

Code 1 First visual change in enamel: opacity 
or discoloration (white or brown) is 
visible at the entrance to the pit or 
fissure after prolonged air drying, 
which is not or hardly seen on a wet 
surface 

D1 Noncavitary 
enamel lesion 

H1 Enamel demineralisation limited 
to the outer 50% of the enamel 
layer 

Code 2 Distinct visual change in enamel: 
opacity or discoloration distinctly 
visible at the entrance to the pit and 
fissure when wet, lesion must still be 
visible when dry 

H2 Demineralisation involving 
between 50% of the enamel and 
outer third of the dentine 

Code 3 Localized enamel breakdown due to 
caries with no visible dentine or 
underlying shadow: opacity or 
discoloration wider than the natural 
fissure/fossa when wet and after 
prolonged air drying 

D2 Cavitary 
enamel lesion 

  

Code 4 Underlying dark shadow from dentine 
8 localised enamel breakdown 

D3 Cavitary 
dentinal lesion 

H3 Demineralisation involving the 
middle third of the dentine 

Code 5 Distinct cavity with visible dentine: 
visual evidence of demineralisation 
and dentine exposed 

   

Code 6 Extensive distinct cavity with visible 
dentine and more than half of the 
surface involved 

 Cavitary lesion 
with pulp 
complication 

H4 Demineralisation involving the 
inner third of the dentine 

Table I. Criteria used in clinical and histological evaluation 

RESULTS 
Of the 16 carious lesions clinically 

included in the D0 category using WHO 
system, 11 (68%) were ascertained to be 
included in H0. As for the carious lesions that 
received the score 1 at the clinical 
examination, the histological examination 
certified that only 33% are included in H1, 
the majority (48%) being included in a 
higher-damage category. For the carious 
lesions included by the clinical examination 
in the D2 category, most (74%) were also 
included in the same score category by the 
histological examination, 14% being placed 
in a lower-score category. 

Of the 16 lesions included in the 0 
category using the ICDAS system, 14 
(87.5%) were confirmed by the histological 
examination to be in H0, the rest being placed 
in a higher-score category (H1). 58% of the 
carious lesions classified in LF1 and 91% of 
those classified in LF2 were also included in 
the same score category by the histological 
examination. 

For each of the two detection systems the 
sensitivity and the specificity of the method 
were calculated in the case of the carious 
lesions that received the scores of 1, 2 (WHO 
system) and 1, 2, 3 (ICDAS system). 

Higher sensitivity and specificity values 
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were obtained in the case of the visual 
examination that uses the ICDAS system both 
in vivo and in vitro (Table II). In the case of 
in vitro visual examination the sensitivity and 
specificity values showed very small 
decreases compared to the in vivo 
examinations. The differences between the 
two systems of detecting occlusal carious 
lesions in vitro or in vivo were minimal. The 
visual examination through the ICDAS 
system record a higher sensitivity for the 
lesions having score 3, but a higher 
specificity for those with score 1 - 2, both in 
vivo and in vitro. The visual examination 
through the WHO system had a higher 
specificity for the lesions included in D2 
compared to those included in D1, both in 
vivo and in vitro.  

The sensitivity and specificity values of 
the two detection methods were statistically 

analysed using the McNemar test. There were 
no statistically significant differences as for 
the examined parameters for the two methods 
in clinical and laboratory conditions 
(p=0.07>0.05) (Table III). 

The level of inter-examiner agreement 
during the visual examination through the 
WHO system was lower than in the case of the 
ICDAS system, both under clinical and 
laboratory conditions (Table IV). In vitro 
examination using the ICDAS system recorded 
the highest level of inter-examiner agreement. 
The WHO visual method presented a lower 
inter-examiner reproducibility under clinical 
conditions compared to the in vitro 
examination. The inter-examiner agreement 
for the visual method using the WHO system 
was moderate (kappa value of 0.782) while in 
the case of ICDAS was strong (kappa value of 
0.961) (Table IV). 

 
  WHO visual detection ICDAS visual detection 

  D1 D2 1-2 3 
in vivo Sensitivity 0.76 0.84 0.86 0.88 

 Specificity 0.66 0.68 0.76 0.78 
in vitro Sensitivity 0.72 0.72 0.75 0.79 

 Specificity 0.62 0.65 0.69 0.75 

Table II. Performance of the visual detection methods using the two systems under different 
conditions (in vivo and in vitro) expressed through the sensitivity and the specificity of detecting 

occlusal incipient carious lesions 

In vivo sensitivity 

 

D12 

D1 D12 

WHO 5 19 

ICDAS 5 21 
 

Statistic Testb 

 D12 

N 50 

Exact Sig. (2-tailed) .07a 

a. Binomial distribution 
b. McNemar Test 

Table III. McNemar test results for in vivo sensitivity of WHO and ICDAS systems for detection 

Table IV. Inter- and intraexaminer reproducibility for WHO and ICDAS systems for detection 

 
WHO 

Visual Detection 
ICDAS 

Visual Detection 
inter-examiner 0,78 0,96 
intra-examiner 0,74 0,84 
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DISCUSSIONS 
The specificity of ICDAS system for 

occlusal lesions scored 1 and 2 was 0.88 in 
vivo and 0.75 in vitro and the specificity 0.75 
in vivo and 0.69 for in vivo examination. In 
an in vivo study Jablonski recorded a 
specificity of 0.74  0.91 and a sensitivity of 
0.59  0.73 (15). In case of carious lesions 
having score 3 when ICDAS system was 
used, a higher sensitivity and specificity were 
recorded in present study when compare with 
the sensibility and specificity of visual system 
for lesions having the score 1-2 score. In 
other studies the sensitivity was 0.99 and the 
specificity was 0.69 when Ekstrand's 
histological classification was used for 
validation (16).  

In present study the inter-examiner 
agreement for WHO visual detection method 

was moderate. Other studies reported 
reproducibility of visual detection method 
ranging from substantial to excellent (17). 
Nevertheless, coefficients reported in 
different studies of caries detection cannot be 
directly compared, as differences in 
experimental design, in the number of scoring 
categories and e
background will influence the decisions and 
hence the results obtained (18, 19).  

 
CONCLUSIONS 

ICDAS II detection system showed better 
performance in occlusal caries detection 
when compare to WHO visual system. The 
high sensitivity and specificity and the good 
inter-and intra-examiner reproducibility make 
ICDAS II system an excellent choice for 
occlusal carious lesions detection. 

 
REFERENCES 
1. Ripa LW, Leske GS, Varma AO: Longitudinal Study of the Caries Susceptibility of Occlusal and 

Proximal Surfaces of First Permanent Molars, J Public HIth Dent 1988;48:8-13. 
2. Anderson M. Risk assessment and epidemiology of dental caries: review of the literature. Pediatr 

Dent 2002; 24: 377-385. 
3.  Teaching received in caries prevention and perceived need for Best 

Practice Guidelines among recent graduates in Finland. Eur J Dent Educ 2004: 8: 7-11. 
4. Ismail AI: Visual and visuo-tactile detection of dental caries. J Dent Res 2004; 83(special No C):56

66. 
5. Lussi A, Imwinkelried S, Pitts N, Longbottom C, Reich E: Performance and reproducibility of a laser 

fluorescence system for detection of occlusal caries in vitro. Caries Res 1999; 33: 261 266. 
6. WHO: Oral Health Surveys: Basic Methods, Ed 4. Geneva, World Health Organization, 1997 
7.  an international system for caries detection and assessment being developed to 

facilitate caries epidemiology, research and appropriate clinical management. Community Dent 
Health 2004; 21: 193 198. 

8. Ekstrand KR, Ricketts DN, Kidd EA: Reproducibility and accuracy of three methods for assessment 
of demineralization depth on the occlusal surface: an in vitro examination. Caries Res 1997; 31: 224
231. 

9. Ekstrand KR, Ricketts DN, Kidd EA: Occlusal caries: pathology, diagnosis and logical management. 
Dent Update 2001; 28: 380 387.  

10. Ekstrand KR, Ricketts DN, Longbottom C, Pitts NB: Visual and tactile assessment of arrested initial 
enamel carious lesions: an in vivo pilot study. Caries Res 2005; 39: 173 177. 

11. Fyffe HE, Deery CH, Nugent ZJ, Nuttall NM, Pitts NB: Effect of diagnostic threshold on the validity 
and reliability of epidemiological caries diagnosis using the Dundee Selectable Threshold Method 
for caries diagnosis (DSTM). Community Dent Oral Epidemiol 2000;28: 42 51. 

12. Chesters RK, Pitts NB, Matuliene G, Kvedariene A, Huntington E, Bendinskaite R, Balciuniene I, 
Matheson JR, Nicholson JA, Gendvilyte A, Sabalaite R, Ramanauskiene J, Savage D, Mileriene J: 
An abbreviated caries clinical trial design validated over 24 months. J Dent Res 2002; 81: 637 640. 

13. Ricketts DN, Ekstrand KR, Kidd EA, Larsen T: Relating visual and radiographic ranked scoring 



Romanian Journal of Oral Rehabilitation 

Vol. 4, No. 2, April - June 2012 
 

10 

systems for occlusal caries detection to histological and microbiological evidence. Oper Dent 2002; 
27: 231 237. 

14. 
features of progressive stages of caries in the occlusal fossa. Caries Res 1995; 29: 243 250. 

15. Jablonski-Momeni A, V. Stachniss D.N. Ricketts M. Heinzel-Gutenbrunner K.: Pieper 
Reproducibility and Accuracy of the ICDAS-II for Detection of Occlusal Caries in vitro Caries Res 
2008;42:79 87 

16. Diniz MB, Rodrigues JA, Hug I, Cordeiro Rde C, Lussi A: Reproducibility and accuracy of the 
ICDAS-II for occlusal caries detection. Community Dent Oral Epidemiol 2009; 37: 399 404 

17. Pinelli C, Campos Serra M, de Castro Monteiro Loffredo L: Validity and reproducibility of a laser fl 
uorescence system for detecting the activity of white-spot lesions on free smooth surfaces in vivo. 
Caries Res 2002; 36: 19 24. 

18. Espelid I, Tveit AB, Haugejorden O, Riordan PJ: Variation in radiographic interpretation and 
restorative treatment decisions on caries among dentists in Norway. Community Dent Oral 
Epidemiol 1985; 13: 26 29. 

19. Mileman PA, Espelid I: Decisions on restorative recall intervals based on bitewing radiographs: a 
comparison between national surveys of Dutch and Norwegian practitioners. Community Dent 
Health 1988; 5: 273 284. 


