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of the carious lesions, where both active and arrested 
lesion are simultaneously counted.[3] Moreover, DMFT 
gives an equal weight to missing teeth, untreated 
caries, or restored teeth, and therefore, giving skewed 
distribution of caries, thus, can overestimate caries 
experience and would be of a little use for estimating 
treatment needs.[4]

Schulte et al.,[5] reported that there is a profound need 
for dental students to receive a systematic education 
in cariology to be competent enough in the application 
of this integrated knowledge during making decisions 

INTRODUCTION

One of the main challenges that face dental educators 
is to teach their students a reliable, reproducible, and 
practical method to detect and assess dental carious 
lesions.[1] Over a long period of time, teaching caries 
detection and recording has been done according 
to World Health Organization  (WHO) criteria 
decayed‑missing‑filled teeth/surfaces  (DMFT/S) 
index,[2] many drawbacks have been recognized 
when using this system, namely, unreliable caries 
diagnosis neglecting enamel caries and the activity 
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ABSTRACT

Objective: To assess the feasibility of teaching International Caries Detection and Assessment System (ICDAS) II and its 
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with ICDAS II e‑learning program. Validation of ICDAS II codes was done histologically. Intra‑ and inter‑examiner reproducibility 
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and 0.69 (ICDAS II code cut off  ≥ 1) to 0.95 (ICDAS II code cut off  ≥ 3) by graduates. The inter‑examiner reproducibility ranged 
from 0.64 (ICDAS II code cut off  ≥ 1) to 0.89 (ICDAS II code cut off  ≥  3). No statistically significant difference was found between 
both groups in intra‑examiner agreements for assessing ICDAS II codes. A high statistically significant difference (P ≤ 0.01) 
in correct identification of codes 1, 2, and 4 from before to after e‑learning were observed in both groups. The bias indices for 
the undergraduate group were higher than those of the graduate group. Conclusions: Early exposure of students to ICDAS II is 
a valuable method of teaching caries detection and its e‑learning program significantly improves their caries diagnostic skills.
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related to prevention and management of caries in 
both individual patients and the population.

The International Caries Detection and Assessment 
System (ICDAS II) has been introduced as a simple, 
logical, evidence‑based system for the detection and 
classification of caries in dental education.[6] The 
new system has criteria and codes to record carious 
lesions present either on coronal and/or root surfaces 
according to the stage of their progression from early 
noncavitated enamel lesions to extensive dentinal 
carious lesions.[7] The validity and reproducibility 
of ICDAS II has already been tested in vitro and in 
clinical studies,[8,9] as well as some large epidemiological 
studies.[10,11] In addition, ICDAS II has now become 
the international recommendation for dental health 
surveys.[12,13]

In recent times, a 90‑min online e‑learning program 
(http://www.icdas.org/icdas‑e‑learning‑ course) was 
introduced through the ICDAS II foundation website, 
which can support training in the use of ICDAS II for 
dental education, explaining examination protocol, 
and reviewing the coding system. This program was 
found to improve diagnostic skills of senior dental 
students for the detection of occlusal caries.[14]

There are insufficient data in the literature about the 
practicality of integrating ICDAS II system in the early 
preclinical years of dental education, particularly in 
those dental schools that employ outcome‑focused 
approach in their integrated curriculum. This 
comparative study was conducted to test the 
diagnostic skills based on validity and reproducibility 
of the ICDAS II system between dental graduates who 
have been trained on WHO criteria versus freshmen 
dental students at the University of Sharjah – College 
of Dental Medicine. Moreover, this study aimed to 
determine if e‑learning could improve the participants’ 
diagnostic skills in identifying noncavitated occlusal 
carious lesions.

MATERIALS AND METHODS

All freshmen undergraduate dental student and 
graduates with 2 years of clinical experience at the 
University of Sharjah were invited to participate in this 
study. Only participants who had no previous training 
on ICDAS or ICDAS II were included in this study. 
One hundred and sixteen participants volunteered 
to participate in the study and met the inclusion 
criteria (84 freshmen undergraduate dental student 
and 32 graduates with 2 years of clinical experience).

Seventy two permanent, un‑restored posterior 
teeth were selected from a pool of extracted teeth 
representing ICDAS II scores between 0 and 6 on 
their occlusal surfaces.[15] These teeth were recently 
extracted, collected after patients’ informed consents 
were obtained under a protocol approved by the 
University’s research ethics committee, and in 
conformity with the University’s guidelines for 
handling biological tissues and stored in 0.1% thymol 
solution at 4°C. The teeth were cleaned and polished 
with pumice, using a low‑speed prophylaxis brush, 
then roots were embedded in a self‑cure acrylic resin 
blocks. The blocks were coded at the base and occlusal 
surfaces were photographed. Following this, only 
one occlusal test site was selected and marked on the 
photograph with an arrow.

The study was conducted in two phases, that is, 
before and after e‑learning training sessions. The 
freshmen were divided equally into six groups, and 
the graduates were divided equally into two groups. 
For the hands‑on training, a 60‑min lecture on the 
ICDAS II score criteria followed by 120‑min hands‑on 
training by visual examination conducted by three 
calibrated instructors who are experienced in using 
ICDAS II. The participants were then allowed to 
discuss codes.

In order to avoid bias of memorizing teeth and specific 
codes, phase 1 of the study was conducted 2 weeks 
after the lecture, and hands‑on training following 
the protocol described by Jablonski‑Momeni et al.[8] 
The participants visually examined the marked site 
on the photographs of the occlusal surfaces of the 
prepared teeth under light illumination and using 
air‑water syringe while moist and after drying. 
A  0.5  mm ball ended the explorer  (CP‑11.5B, 
Hu‑Friedy, Chicago, IL) was used with negligible 
pressure to confirm for roughness or cavitations. The 
visual examinations were repeated twice, to assess 
intra‑examiner repeatability and teeth were kept 
hydrated with wet gauze between the examinations.

Phase 2 were conducted 4  weeks after phase 1, all 
groups simultaneously had been through the 90‑min 
online ICDAS II e‑learning program. After e‑learning 
session, there was an additional discussion session 
and overview given by the supervisors. Both groups 
examined the same set of teeth twice with a 1 month 
interval.

Following phase 2, the roots of all teeth were removed 
using a slow‑speed, water‑cooled diamond precision 
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saw (Isomet 1000, Buehler, Lake Bluff, IL) and teeth 
were hemi‑sectioned through the center of each 
predetermined test site. The most severe section 
from each tooth was analyzed for demineralization 
either in enamel or both enamel and dentin. The 
deepest demineralization area was examined by two 
examiners according to the histological classification 
system proposed by Ekstrand et al.[16] to determine and 
record caries extension at the tested sites.

Results were analyzed with statistical software (SPSS 
version 20.0, SPSS Inc., Chicago, IL) using Chi‑square 
test to compare frequencies of correct responses of 
caries detection before and after e‑learning by groups 
of freshmen and graduates. Intra‑ and inter‑examiner 
reproducibility both before and after e‑learning program 
of the ICDAS II were assessed using weighted kappa 
values (κ) and According to the classification by Landis 
and Koch.[17] Bias index was calculated as the absolute 
value of the difference between frequencies in the 
disagreement cells divided by the total number of ratings.

RESULTS

A total of 7 teeth (9.7%) had no enamel demineralization, 
whilst 22%  (n  =  16) of the teeth had enamel 
demineralization only confined to the outer 50% of 
the enamel. Almost 21% (n = 15) of the sampled teeth 
showed demineralization involving half of enamel 
and outer third of the dentin. Another 26% (n = 19) 
had demineralization involving the middle third of 
the dentin layer, while demineralization involving 
the inner third of the dentin was only observed in 
8% (n = 6) of the sample teeth. In addition, 12% (n = 9) of 
the sample had a frank cavitation with exposed dentin.

The weighted kappa values (Fleiss’s kappa) for intra 
and inter‑examiner reproducibility are shown in 
Table 1. The results demonstrated an improvement by 
both freshmen and graduates after e‑learning. Intra and 

inter‑examiner reproducibility of the graduates were 
better than those of the freshmen, but no statistically 
significant difference was found between graduates 
and freshmen (P > 0.05) as measured by kappa.

The distribution of correct ICDAS II code identification 
by the freshmen group before and after e‑learning 
program is illustrated in Figure  1. There was a 
statistically significant difference (P ≤ 0.01) in correct 
identification of codes 1, 2, and 4 from before to 
after e‑learning. Figure  2 shows the distribution of 
correct code identification by the graduates group. 
After training using the e‑learning tool for ICDAS 
II, statistically significant differences (P ≤ 0.05) were 
observed for code 1 and code 2.

In general, the bias indices for the undergraduate 
group were higher than those of the graduate group. 
Although an improvement was observed in the bias 
indices after e‑learning program for both groups, 
high bias index for ICDAS II codes cut off  ≥1 was 
noticed for undergraduate group, both before and 
after e‑learning.

DISCUSSION

The way cariology is taught varies widely on a global 
scale and the differences in didactic and organizational 
approach are substantial.[18] At the University of 
Sharjah, students are introduced to cariology in year 
one of the dental curriculum, where caries recognition 
exercises are taught regularly. Examination of caries 
according to the WHO criteria have long been taught 
to our dental students, but using these criteria for 
identification of pit and fissure caries is a diagnostic 
challenge for students and clinicians alike. Dentists’ 
diagnostic behavior based on these criteria have 
shown wide individual variation in their accuracy 
of caries diagnosis.[19] Alternatively, the ICDAS 
presents a new criteria for visual‑tactile detection 

Table 1: Inter‑ and intra‑examiner reproducibility (Fleiss’s kappa), before and after the e‑learning program, by 
groups of undergraduates (n=84; freshmen) and graduates (n=32)
Training ICDAS code 

cut‑off
Undergraduates (freshmen) Graduates

Intra‑examiner Inter‑examiner Intra‑examiner Inter‑examiner
Before e‑learning ≥1 0.58 (0.31-0.71) 0.53 (0.22-0.72) 0.69 (0.63-0.79) 0.64 (0.41-0.87)

Bias index 0.29 0.35 0.21 0.23
≥3 0.61 (0.42-0.88) 0.58 (0.42-0.69) 0.76 (0.72-0.87) 0.71 (0.35-0.83)
Bias index 0.22 0.24 0.09 0.16

After e‑learning ≥1 0.73 (0.49-0.81) 0.68 (0.61-0.75) 0.86 (0.48-0.78) 0.81 (0.72-0.84)
Bias index 0.21 0.25 0.13 0.15
≥3 0.75 (0.45-0.85) 0.70 (0.58-0.77) 0.95 (0.82-1.00) 0.89 (0.79-1.00)
Bias index 0.16 0.19 0.04 0.06

ICDAS: International Caries Detection and Assessment System
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and classification of dental caries, that demonstrate 
good reproducibility and correlation with histological 
examination of extracted teeth.[20]

The present study compared the use of ICDAS II to 
detect occlusal caries in permanent teeth, between a 
group of year‑1 dental students and dental graduates 
with 2 years of clinical training both before and after 
receiving training with online e‑learning program. 
Fleiss’s kappa revealed an overall improvement from 
moderate to substantial inter and the intra‑examiner 
reproducibility for undergraduates and from 
substantial to almost perfect for graduates with 2 years 
of clinical training after they have been trained using 
the e‑learning program.

International Caries Detection and Assessment 
System II codes 1 and 2 can be considered the most 
difficult scores to be diagnosed, as it could easily be 
overlooked or misdiagnosed with scores 0, 3 or 4 on the 
ICDAS II criteria, therefore, ICDAS cut offs ≥1 and ≥3 
were used to monitor the improvement in detecting 
more difficult scores. A higher bias index for ICDAS 
code cutoff ≥1 was noticed for undergraduate group 
both before and after e‑learning in comparison to 
graduates. These findings demonstrate that freshmen 
participants experienced some difficulties in comparison 
to graduates in identifying caries specially lesions with 
initial pathological changes in the tooth leading to 
incorrect scoring due to their limited clinical exposure.

However, it was noted in the present study that the two 
groups did not differ significantly in intra‑examiner 
agreement for assessing ICDAS II codes as evaluated 
by kappa, which are similar findings those reported 
by Zandona et  al.[21] Thus, previous dental clinical 

exposure may have some effect on accuracy of caries 
detection but this effect is of no significant value when 
ICDAS II codes and criteria are applied. These findings 
were in agreement with those reported by Diniz 
et al.,[14] who reported an increase in the intra‑  and 
inter‑examiner repeatability after the e‑learning, but 
were not significantly different (P > 0.05) additionally 
the specificity of the ICDAS scores was significantly 
improved after the e‑learning program.

The improvement in diagnostic skills after e‑learning 
as demonstrated in the current study could be 
attributed to the fact that employing ICDAS interactive 
online training package engaged participants 
through elaborating a “decision tree” providing for 
standardized recording of ICDAS II codes with explicit 
information of how to apply codes under special 
circumstances made e‑learning quite a comprehensive 
tool for teaching caries detection using ICDAS II. 
One limitation of this study is the higher bias index 
values for the undergraduate group compared to 
the graduate group, which could have contributed 
to higher kappa values in the undergraduate group.

On the contrary, Rodrigues et al.,[22] showed no statistically 
significant difference between before and after the 
e‑learning program. These results were attributed to 
the participants’ long experience in detecting occlusal 
caries, which was indicated by high values of sensitivity 
and specificity both before and after the program.

For the last few decades, it has been generally accepted 
by the dental profession that application of caries 
preventive measures in patients and populations 
represent an important part of dental activities, but 
one major challenge for applying these measures is 
detection and diagnosis of initial carious changes on 

Figure  1: Frequency distribution (%) of correct responses of caries 
detection according to International Caries Detection and Assessment 
System codes before and after e-learning by group of undergraduates 
(freshmen)

Figure  2: Frequency distribution (%) of correct responses of caries 
detection according to International Caries Detection and Assessment 
System codes before and after e-learning by group of graduates
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the tooth surface, which is the most important phase 
towards preventive therapies.[23] It was observed in the 
present study that after the interactive online training in 
both groups, the number of sites which were classified 
as codes 1, 2 and 4 have increased significantly after 
e‑learning. The capability to detect initial changes on 
the tooth surface has a significant impact on treatment 
decisions, as well as on improving the possibility of a 
successful preventive intervention.[24]

Using ICDAS II e‑learning program in the preclinical 
years can direct students to preventive care strategy 
based on the assessed needs, caries risk status and 
compliance possibility of the patient.[25] This can 
also help them learn systematic evaluation of all 
preventive treatment outcomes at recall visits and be 
able to formulate alternative treatment plans for the 
individual cases when needed.[26]

CONCLUSION

Introducing ICDAS in the early stages of teaching 
cariology can be a useful tool in improving caries 
diagnostic skills  (the validity and reproducibility) 
of freshman students. As it was observed in this 
study, previous clinical exposure does not influence 
learning and application of caries diagnostic criteria 
and coding system of ICDAS II. Using ICDAS II 
e‑learning program in combination with conventional 
teaching of ICDAS II significantly improves diagnostic 
skills of the dental students, especially in detecting 
caries in its early stages and might be a step toward 
standardization of caries detection.
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