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Abstract 
Objectives: The impact of COVID-19 on dental care and the adoption of tele-dentistry for caries detection needs 
investigating. The pandemic led to the use of digital photography, including DSLR cameras and smartphones, for 
remote dental operations. Literature suggests that use of digital images was found to enhance caries detection 
sensitivity compared to visual examination. The study aims were 1) to compare the reliability of visual inspection 
and digital photographs for caries diagnosis among dental clinicians and 2) to compare diagnostic tools of 
determination of caries between full ICDAS codes and modified ICDAS codes utilization. Methods: The research 
involved 45 postgraduate dental students examining 45 extracted permanent teeth using full ICDAS scores and 
modified ICDAS scores in three phases (Full Visual ICDAS, Digital ICDAS and Combination of Visual and Digital 
ICDAS). Kappa scores, sensitivity, specificity and Area Under the Curve (AUC) readings between participants 
answers and benchmark answers were determined. Results: Statistical analysis revealed that introducing digital 
images reduced inter-rater agreement, however modified ICDAS codes utilization showed comparable results 
between visual and digital methods. Intra-rater agreement for visual and modified ICDAS was high, while digital 
images showed moderate agreement. Sensitivity for caries detection was around 93% for visual and digital 
methods, and specificity ranged from 67% to 80%. The AUC values indicated good performance (0.89) for both full 
and modified ICDAS with visual examination and lower values for digital examination (0.81-0.82). Discussion: 
Results were consistent with prior studies however this research highlights video/image efficacy, emphasizing 
validity, reliability, and improved clinician planning using modified ICDAS. Conclusion: Use of digital photographs 
for caries diagnosis were promising and the use of modified ICDAS codes were comparable to conventional use of 
full ICDAS codes. Overall, the study demonstrated the potential benefits of digital methods in dental caries 
diagnosis and tele-dentistry practices. 
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Introduction 
The COVID-19 pandemic has significantly impacted 
the healthcare system, particularly in fields like 
dentistry that require direct contact with patients. 
The World Health Organization (WHO) recently 
feared that this virus may become just another 
endemic virus in our communities and may never go 
away (1). To mitigate the risks of virus transmission, 
strict measures have been implemented globally, 
prompting the adoption of tele-dentistry as an 
alternative means of providing oral health care. This 
shift has led to the suspension of most routine dental 

procedures, with only emergency dental services 
being performed. Tele-dentistry involves the use of 
information and communication technologies to 
remotely deliver oral health care (2). It relies on the 
utilization of photos or videos for information 
gathering, which are then transmitted from the 
patient to healthcare practitioners. Although studies 
have demonstrated tele-dentistry’s value, physicians 
continue to fight against its deployment and are 
concerned about the credibility of findings when used 
(3, 4). Digital photography in dentistry has played a 
crucial role in enhancing diagnostic capabilities. 
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Advanced digital imaging allows for the creation of 
high-resolution images that can be easily shared, 
displayed, and transmitted without loss of quality.  
 
The use of digital photography has proven valuable in 
various dental applications, including epidemiology, 
caries identification, and enamel disorders (5). It has 
been particularly beneficial in enhancing the 
sensitivity of caries detection compared to visual 
examination alone. Decayed Missing Filled Teeth 
scores acquired from examination using digital 
photography have been used to plan treatment 
needs, notably in rural regions where dentists are not 
accessible (6). In areas where access to traditional 
dental services is limited, digital photos obtained 
through tele-dentistry have been instrumental in 
planning treatment needs, especially in rural regions 
with limited dentist availability.  
 
While Digital Single Lens Reflex (DSLR) cameras are 
recommended for dental photography, smartphones 
have emerged as convenient and accessible tools for 
capturing intraoral images (7). Smartphone 
photography has demonstrated effectiveness in oral 
screening and diagnosis, with research showing that 
virtual diagnoses based on smartphone images can be 
comparable to in-person assessments (8). The 
simplicity and efficacy of tele-dentistry, especially 
when using smartphones, have been highlighted in 
various studies. However, evidence of the use of 
mobile cameras in epidemiological dental testing is 
uncommon (9). This could be explained by 
uncertainty of accuracy of findings and quality of 
pictures produced by use of smartphone cameras. 
 
Smartphones equipped with imaging technologies 
have proven to be user-friendly and accessible, 
making them a practical tool for remote dental 
monitoring. Studies have shown that patients can be 
successfully tracked using images and messaging 
apps, reducing the need for physical interaction (8). 
Furthermore, smartphone-based remote screening 
for dental caries has demonstrated high specificity 
and sensitivity, making it a viable alternative to 
traditional approaches (9). 
 
The International Caries Detection and Assessment 
System (ICDAS) plays a crucial role in identifying 
dental caries at different stages. The ICDAS criteria 
provide a standardized method for interpreting visual 
signs of caries, offering high reproducibility and 
clinically good specificity and sensitivity. The ICDAS 
codes for coronal caries varies from 0-6 depending on 

the degree of the lesions which are sound, first visual 
change in enamel, distinct visual change in enamel, 
localized enamel breakdown, an underlying dark 
shadow from dentine, distinct cavity with visible 
dentin and extensive distinct cavity with visible dentin 
respectively (10, 11). The recent simplification of 
ICDAS codes by the International Caries Classification 
and Management System Group (ICCMS) has further 
streamlined the assessment process (12). 
 
In comparison to traditional diagnostic methods, 
including fibre-optic transillumination, quantitative 
light-induced fluorescence, and near-infrared light 
transillumination, visual examination and ICDAS 
detection have shown similar accuracy relative to 
histological methods (13). Visual examination is 
considered a straightforward, low-technology, and 
quick-to-implement tool for caries diagnosis, making 
it suitable for dental public health (13).  
 
Despite the availability of other diagnostic methods 
such as radiographs, their use is limited due to 
concerns about ionizing radiation exposure and the 
challenges in distinguishing between different dental 
lesions (5). The limitations of more advanced 
methods, such as digital imaging fibre-optic trans-
illumination, further emphasize the practicality and 
efficiency of visual examination and ICDAS detection 
in dental practice. In conclusion, the integration of 
tele-dentistry, particularly using smartphones for 
digital photography, has proven to be a valuable 
solution in the face of the COVID-19 pandemic. The 
combination of remote screening, visual examination, 
and ICDAS detection offers an effective and efficient 
approach to oral health care, ensuring continuity in 
dental services even in challenging circumstances. 
 
When compared to traditional visual examination 
methods, DSLR and smartphone are now possible 
remote-examine tele-dentistry methods that lead to 
improved patient satisfaction and shorter chair-side 
time. Few clinical studies have been conducted to 
assess the validity of employing DSLR and 
smartphone cameras with approximate true colours 
for caries screening. Scientific evidence that these 
digital cameras are viable for screening may change 
dental practises' strategic plans, leading to greater 
acceptance and wider use of tele-dentistry. The null 
hypothesis is that using digital images with different 
apparatus has no significant difference in terms of 
ICDAS determination. The study's main goal is to 
compare the reliability of visual inspection vs digital 
photographs as a technique of caries diagnosis among 



SPECIAL ISSUE  JUMMEC 2024:1 

 

92 

postgraduate dental students at UiTM Sungai Buloh's 
Faculty of Dentistry. A secondary objective was to 
compare diagnostic tools of determination of caries 
between full ICDAS codes and modified ICDAS codes 
(Based on the recent changes by the ICCMS group) 
utilization. 
 

Materials and Methods 
 

Sample collection 
This study is a prospective laboratory study 
comparing two different approaches of ICDAS 
determination. Ethical clearance was given by the 
Research committee of Universiti Teknologi MARA 
and consent forms for participants were all 
distributed. Only signed consented participants were 
selected. The study framework is displayed in Figure 
1. The sample size of this study was decided based on 
the power sampling calculation of 80%, effect size of 
0.25 and standard error of 5%. 36 participants 
(Convenient sampling of dental clinicians undergoing 
ICDAS calibration) were required for this study to give 
a statistical meaning result for the proposed study.   
 

 
 

Figure 1: Framework of study 
 

Extraoral conventional ICDAS score versus use 
of dental images 
Forty-five (n=45) dental clinicians (comprising of 
postgraduate students, dental lecturers, and dental 
officers) were involved in this research at the Faculty 
of Dentistry, UiTM Sungai Buloh. The participants 
were chosen because they were experienced dentists 
with sufficient experience in categorising caries, 
which would reduce errors if novice dentists or 
undergraduate students were utilised. The research 
began using forty-five extracted permanent teeth 
representing ICDAS scores between 0 and 6. These 
teeth were 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 block. The blocks 
were labelled by number at the base and the surface 
of teeth were photographed and marked on the 
photograph with an arrow. Then, this study was 
carried out in three phases. For phase 1, the 

participants were given 52 questions based on the 45 
teeth for the ICDAS status to be scored. Some teeth 
had two cavities that required to be scored, such as 
mesial and distal caries. The participants visually 
examined the marked site on surfaces of the 
prepared teeth under light illumination. The teeth 
were kept hydrated by keeping their teeth in a cup of 
water.  
 
After 2 weeks, the same 45 dental clinicians 
continued for Phase 2. Participants needed to score 
the first 22 extracted permanent teeth by visual 
examination and after 15 minutes, the remainder of 
the 45(n=23) extracted permanent teeth were scored 
using digital images taken by DSLR on computer. 
Phase 3 were conducted at 2 weeks interval. Again, 
the same 45 dental clinicians scored all the 45 teeth 
this time using only digital images taken with the 
DSLR via a computer monitor.  
 
A single individual trained to operate a DSLR camera 
with no magnification but a macrolens with a ring 
light attached to a black and white backdrop took two 
photographs each tooth. The participants were 
shown both photographs at the same time. The data 
collected were analysed with statistical software 
(SPSS version 20.0) using Kappa scores to compare 
frequencies of accurate responses of caries detection 
between first and second examination (Phase 1 and 
2) with national benchmark group (NBG) answers for 
ICDAS and through images of teeth (Phase 2 and 
Phase 3). The NBG was a group of restorative 
specialists selected by the Malaysian government to 
conduct calibrations with existing dentists in Malaysia 
in preparation for ICDAS implementation (14). 
According to the Landis and Koch classification, kappa 
values and bias index were measured by intra- and 
inter-examiner reproducibility to determine the 
absolute value of the difference between frequencies 
in the disagreement cells divided by the total number 
of ratings (15).  
 
Results were reported as minimum and maximum 
value with mean kappa values pooled to compare 
between the different groups via paired sample t-test 
(16). The results' sensitivity and specificity would also 
be presented, with AUC readings and accuracy 
results. The AUC curve depicts the area under the 
Receiver Operator Characteristics (ROC) curve, and 
AUC stands for Area Under the Curve. It assesses the 
binary classification model's overall performance. 
Because both True Positive Rate (TPR) and False 
Positive Rate (FPR) range from 0 to 1, the area will 
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always be between 0 and 1, and a higher AUC value 
indicates better model performance. The main goal is 
to maximise this area so that we have the highest TPR 
and the lowest FPR at the stated threshold. The AUC 
quantifies the likelihood that the model would award 
a randomly selected positive case a higher projected 
probability than a randomly selected negative 
instance. Accuracy of each group will then be 
determined by use of a mathematical formula (17): 
 
Accuracy: overall probability that a patient is 
correctly classified 

= Sensitivity × Prevalence + Specificity  
× (1 − Prevalence) 

 

Results 
 

Inter-rater agreement 
Results are displayed in Figure 2. Minimum and 
maximum interrater agreement of Kappa scores using 
conventional method of visual ICDAS scoring through 
full ICDAS codes with respect towards the NBG data 
were 0.59 and 0.83 respectively with mean (SD) of 
pooled kappa scores of 0.71(0.04). When modified 
ICDAS codes were used, results were as follow; Min: 
0.67, Max: 0.88, Mean (SD): 0.78(0.04). 
 
Min: 0.31, Max: 0.8, Mean (SD): 0.69(0.05) were the 
results for interrater agreement utilising digital 
photos to assess ICDAS using full ICDAS codes. When 
the modified ICDAS codes were used, the minimum, 
maximum, and mean (SD) interrater agreement 
results were 0.18, 0.85, and 0.69(0.08), respectively. 
Paired sample t-test indicated statistically significant 
differences when compare were done between visual 
ICDAS and use of digital images (p<0.01). When 
modified ICDAS score were used, the results between 
visual and use of digital images were comparable 
(p=0.05). 
 

Intra-rater agreement 
Results are displayed in Figure 2. Upon utilising the 
conventional technique, the lowest and highest intra-
rater agreement amongst doctors were 0.68 and 1. 
The mean (standard deviation) was reported to be 
0.84(0.06). Using the modified ICDAS score, the 
values for min, max, and mean (SD) were 0.65, 1 and 
0.83(0.07), respectively. The use of digital images to 
determine ICDAS score yielded findings of min: 0.41, 
max: 0.92, and mean (SD) of 0.72(0.09). While the 
modified ICDAS score for min, max, and mean (SD) 
were 0.51, 0.96, and 0.74(0.08), respectively. The 

findings of the paired sample t-test comparing 
conventional and image usage were statistically 
significant (p<0.01). When the same tests were run 
using a modified ICDAS score, the results were also 
significantly different (p<0.01). 
 

 
 

Figure 2: Inter- and intra- rated agreement between 
ICDAS answers of participants with benchmark 
answers from National Benchmark Group (NBG) 
 

Sensitivity and specificity 
Results were reported in Table 1. The mean average 
sensitivity reading while using traditional ICDAS for 
caries detection was 93.82%. The mean sensitivity 
was reported to be 93.18% when the modified ICDAS 
was employed. Specificity was 80.33% for full ICDAS 
code usage and 80.11% for modified ICDAS. When the 
Area under the Curve (AUC) was calculated, the 
findings for full codes vs modified ICDAS were both 
0.89. The accuracy result was reported to be 89.15% 
for the full ICDAS code approach and 88.57% for the 
modified ICDAS method. The sensitivity of caries 
determination using digital photographs was 93.18% 
for complete ICDAS code utilisation and 93.29% for 
modified ICDAS code usage. Specificity was just 
67.33% and 66.39%, with AUC readings of 0.82 and 
0.81, respectively. The accuracy rate for complete 
ICDAS code use was 84.23%, and 83.98% for modified 
ICDAS code use.  
 

Discussion 
This study demonstrates that digital photos captured 
using digital cameras provide a viable method of 
remote screening for dental caries. Despite a scarcity 
of studies on the use of a smartphone camera in 
dental screening, our findings indicate the tele 
dentistry approach's ability to diagnose caries from a 
picture with acceptable moderate to high diagnostic  
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Table 1: Sensitivity, Specificity, AUC and Accuracy of methods determining Full ICDAS and Modified ICDAS 
 

 Sensitivity (%) Specificity (%) 
Area under Curve 

(AUC) 
Accuracy (%) 

Visual Full ICDAS 
93.82(95%CI: 76.14-

97.4) 
80.33(95%: 51.63-91) 

0.89(95%CI: 0.75-
0.93) 

89.15(95%CI: 73.4-
94.9) 

Visual Modified 
ICDAS 

93.18(95%CI: 77.5-
97.9) 

80.11(95%CI: 53.5-
90.85 

0.89(95%CI: 0.7-0.91) 88.57(95%CI: 74.8-94) 

Image Full ICDAS 
93.18(95%CI: 77.8-

94.83) 
67.33(95%CI: 46.4-

85.3) 
0.82(95%CI: 0.65-

0.89) 
84.23(95%CI: 71.5-

92.3) 

Image Modified 
ICDAS 

93.29(95%CI: 85-
98.28) 

66.39(95%CI: 50.08-
89.6) 

0.81(95%CI: 0.65-
0.89) 

83.98(95%CI: 70.78-
92.84) 

 
 
validity and reliability. It is widely documented that 
neither the photographic method nor the direct visual 
examination approach can detect interproximal or 
early caries lesions without radiographic assessment 
(18–20). The lack of tactile feeling, as well as the 
conversion of 3D objects into 2D visuals, and lighting 
complications further reduce the suitable conditions 
for diagnosing caries. The method of obtaining digital 
photographs has limits in terms of capturing all tooth 
surfaces, particularly posterior teeth. To avoid these 
constraints, we charted in two systems: Full ICDAS 
codes and modified ICDAS codes. The modified ICDAS 
was established to reduce the conventional ICDAS to 
a less detailed categorization. As a result, the focus of 
this study was on determining the dependability of 
using digital photos as a method for caries detection 
at the screening level. 
 
The analysis demonstrated a moderate degree of 
inter- agreement reliability for visual and digital 
pictures, as well as intra- agreement reliability for 
image utilization in both full ICDAS codes and 
modified ICDAS charting systems. However, it 
indicated strong agreement in intra-rater reliability 
for both techniques of visual ICDAS use. This displays 
the consistency and reliability of findings when using 
visual ICDAS. The results show that using photographs 
to identify caries does not enhance clinical visual 
findings, and that visual findings are superior.  
 
Despite the fact that the results when comparing 
visual and digital images with full ICDAS codes were 
statistically different, the diagnostic acceptability in 
clinical settings remained within moderate 
agreement, indicating that the results were still 
clinically valid (21). The findings were identical when 
modified ICDAS were utilised for intra-rater 
agreement, indicating that modified ICDAS should be 
used in conjunction with traditional visual ICDAS 

determination or the use of photographs to aid in 
caries classification.  
 
The sensitivity and specificity to detect caries were 
greater than in earlier investigations (18, 19). This 
might be due to the low quality of cameras utilised at 
the time of the investigation. This is to be expected as 
digital camera technology continues to advance. 
Morosini et al. (22) reported a greater sensitivity and 
specificity values in 2014, however the sensitivity and 
specificity values were even higher (73/98%) in a 2018 
study conducted by Alabdullah and Daniel (4). 
Nonetheless, the high results obtained may be due to 
the utilisation of a standard laboratory-controlled 
environment in which clinical conditions intraorally 
may alter the findings obtained. However, the 
method's high AUC for both pictures and visual ICDAS 
classification makes it worth investigating. 
 
From a practical aspect, it is appropriate to take 
advantage of technological advancements as well as 
increased global connectivity and pick alternatives 
such as DSLR and smartphone cameras to make 
dental care services more accessible in terms of 
awareness or even an alarm mechanism for patients 
to seek care. It might also be utilised as a screening 
tool for treatment and resource plannings by schools 
and the healthcare administration team.  
 
Although using digital pictures to determine caries 
status has advantages, it also has limits. Because this 
study used a removed tooth, important variables such 
as saliva might interfere with the collecting of 
findings. There is currently no process in intraoral 
photography for standardising images that may be 
used for caries assessment, particularly if the image 
was taken by a layperson for professional use. 
Nevertheless, more research is required to determine 
the validity and reliability of images used for caries 
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determination in clinical settings to see the 
consequences of outcomes. Further research such as 
randomized control trials is suggested. 
 

Conclusion 
ICDAS assessments based on visual and digital images 
were valid, reliable, and comparable among 
postgraduate dental clinicians of UiTM Faculty of 
Dentistry and the use of modified ICDAS codes were 
comparable to conventional use of full ICDAS codes. 
As a screening tool, the study demonstrated the 
potential benefits of digital methods in dental caries 
diagnosis and tele-dentistry practices. 
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