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Abstract 

This study aimed to investigate in vivo and in vitro 

conditions for the effectiveness of the devices 

DIAGNOdent Pen, Caries ID, and CarieScan Pro in 

conjunction with ICDAS II in diagnosing occlusal decay. 

88 permanent molar teeth chosen for extraction were used. 

The teeth were assessed with the ICDAS II system and 

evaluated using the DIAGNOdent Pen, Caries ID, and 

CarieScan Pro in vivo and in vitro. Scoring with visual 

inspection and scoring with each caries diagnostic device 

were analyzed together and a single score was obtained. 

After these examinations, sections were obtained from the 

specimens for histological examination. 

Evaluation with the ICDAS II system resulted in the 

findings of Caries ID in vivo and the findings of the 

DIAGNOdent Pen in vitro being different from those of 

histological examination. Only the findings of the 

DIAGNOdent Pen in vitro with ICDAS II were found to 

be similar to the histological evaluation findings. At the 

D3 level, in vivo, ICDAS II showed the highest values 

(0.67–0.85). In vitro, Caries ID showed the highest values 

(0.78–0.84). Under in vivo conditions where the devices 

were used with the ICDAS II system, the DIAGNOdent  

 

Pen showed the highest values (0.73–0.85). Findings 

under in vitro conditions were similar to those in vivo, 

with the DIAGNOdent Pen showing the highest values 

(0.82–0.80). 

Thus, none of the methods were found to be effecetive for 

initial diagnosis of occlusal decay. The methods were 

found to be more relatively successful in diagnosing 

dentin level.  

Keywords: Occlusal caries, ICDAS II, Caries diagnostic 

devices, DIAGNOdent Pen, Caries ID, CarieScan Pro 

Introduction 

Early diagnosis of caries is very important to create an 

appropriate treatment plan and reduce loss of tooth 

structure. In clinical practice, the most commonly used 

diagnostic methods of occlusal caries are visual and 

radiologic examination. Several caries classification 

systems have been developed to make visual examination 

more efficient, correct and standardized [1-3]
. ICDAS II 

criteria are the the latest development in such 

classification [4]
. In addition to these methods, several 

diagnostic devices with practical utility using which 

objective data can be obtained and standardization can be 

http://ijmsir.com/
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achieved are available for use by dentists such as 

DIAGNOdent Pen, CarieScan Pro, Caries ID.  

The objective of this study was to evaluate the 

effectiveness of the devices DIAGNOdent Pen, Caries ID 

and CarieScan Pro in conjunction with the ICDAS II 

system in diagnosing occlusal decay under in vivo and in 

vitro conditions.  

Materials and Methods 

This study was prospectively designed and ethical 

approval was obtained (Document No: 2016/009). In our 

study, the occlusal surfaces of 88 permanent mandibular 

molar teeth which had indications for extraction were 

evaluated in vivo and in vitro. All evaluations were done 

by a single investigator. Inclusion criteria were patients 

with no medical condition and age range of 18–50 year. 

Teeth with cavitated caries lesions, restoration or fissure 

sealant, caries at their interfaces, hypoplasia, use of 

tetracycline, fluorosis, or occasionally, discoloration on 

the tooth surface were excluded from the study. The 

informed consent was obtained from all participants. 

In vivo study 

Evaluation of occlusal surfaces of the teeth in the oral 

environment were done using the caries diagnostic devices 

DIAGNOdent Pen, CarieScan Pro, or Caries ID in 

combination with the ICDAS II (Table 1). Prior to 

evaluation, plaque on the teeth was removed. 

ICDAS II  

Visual inspection was performed by examining occlusal 

surfaces of the teeth under the light of the reflector. Based 

on the criteria of Ekstrand 's ICDAS II, each tooth was 

given a score and these scores were recorded.4  

DIAGNOdent Pen  

Before the measurements were made, the device was 

calibrated. The DIAGNOdent Pen was used in the fissure 

areas, especially at the points deemed to contain the 

deepest decay. Measurements for each tooth were repeated 

three times and the highest values were recorded [5]
. 

Caries ID  

The Caries ID diagnostic device was calibrated. In the 

presence of decalcification or bruising on the tooth 

surface, the instrument gave an audible signal with a red 

light. The device gave three types of audible signals and 

scoring was done according to signal status. 

CarieScan Pro  

Unlike other devices, this device's lip hook is placed in the 

patient's cheek cavity. The measurements were repeated 

five times for each tooth. The average of these five scores 

was recorded as the CarieScan Pro score for that tooth. 

In vitro study 

Teeth were placed in 4 ºC saline solution for two weeks. 

Evaluations with the ICDAS II system, DIAGNOdent 

Pen, and Caries ID were repeated in the same manner as in 

the in vivo process. When using the CarieScan Pro, the 

tooth surfaces were moistened for electrical stream.  

Combined Assessment using Each Caries Diagnostic 

Device with Visual Inspection 

When the caries diagnostic devices were used along with 

visual examination for evaluating occlusal surfaces, the 

scoring via visual inspection was analyzed along with the 

scoring with each caries diagnostic device, and a single 

score was obtained (Table 2). Thus, the effectiveness of 

the diagnostic devices in a practical clinical routine was 

asssessed. 

Histological examination 

Sections were obtained using the Exact (Exakt 300 CL, 

Exakt Apparatbau, Norderstad, Germany) hard tissue 

section device. These sections were thinned to a thickness 

of 100 μm with abrasives attached to a micro-abrasive 

system (Exakt 400 CS, Exakt Apparatbau, Norderstad, 

Germany). Histological evaluations of all sections were 

performed with light microscopy (Olympus® CX41, 

http://tureng.com/tr/turkce-ingilizce/effectiveness
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Tokyo, Japan). Evaluation of the sections examined under 

the microscope was made in accordance with Downer's 

histological scoring criteria (Figure 1) [6]
. 

Data processing and statistical analysis 

Statistical analyses of the data were performed using SPSS 

19.0 (IBM Inc., Chicago, IL, USA). McNemar - Bowker 

test was used to evaluate the consistency of the methods 

with histological evaluation. Scores obtained from the 

methods were combined to fit D1 (sound-decay 

separation), D2 (enamel decay), and D3 (dentin decay) 

threshold values.  

Based on the threshold value of D1, a score of 0 

represented healthy teeth and scores of 1, 2, or 3 

represented decayed teeth. For the D2 threshold, scores of 

0 or 1 represented healthy teeth and scores of 2 or 3 

represented decayed teeth. For the D3 threshhold, scores 

of 0, 1, or 2 represented healthy teeth and a score of 3 

represented decayed teeth. Sensitivity, specificity, and 

accuracy values and areas under the ROC (Receiver-

Operating Characteristics) curves were calculated to allow 

comparative evaluation of the methods of caries diagnosis. 

Results 

Caries distribution based on the histological evaluation 

results are D0: 16% (n=14), D1: 29% (n=26), D2: 23% 

(n=20), D3: 32% (n=28). Caries prevalence was 

determined to be 84 %. Results of evaluation of similarity 

between caries diagnosis methods and histological 

examination in vivo and in vitro are shown in Table 3. 

There was a significant similarity between the findings 

obtained using the DIAGNOdent Pen combined with the 

ICDAS II system in vivo, and histological evaluation 

findings (p=0.338). 

In vivo validity of each system 

Sensitivity and selectivity based on the threshold values of 

D1, D2, and D3, and AUC for each method are given in 

Table 4. No method was found to be successful at the D1 

and D2 thresholds. Associations between the areas under 

the curve obtained as a result of evaluation with ICDAS 

II, DIAGNOdent Pen, and Caries ID at the D3 threshold 

value were statistically significant. Caries ID showed the 

highest selectivity and ICDAS II system showed the 

highest sensitivity value. The difference between the 

ICDAS II system and other methods was statistically 

significant. 

In vitro validity of each system 

The results of analysis based on the discrimination factors 

of AUC, sensitivity, selectivity, and accuracy of each 

method at the threshold values of D1, D2, and D3 are 

shown in Table 4. At the D1 and D2 thresholds, no 

method could show success. A statistically significant 

correlation was found between all methods at the D3 

threshold value. While Caries ID showed the highest 

sensitivity, CarieScan Pro showed the lowest sensitivity. 

While CarieScan Pro showed the highest selectivity, the 

DIAGNOdent Pen showed the lowest selectivity.  

In vivo validity of each system evaluated with the 

ICDAS II 

In vivo evaluations using the devices with ICDAS II did 

not show success at the D1 and D2 thresholds. However, it 

was determined that the sensitivity, selectivity, and AUC 

values were increased in comparison with the findings of 

the devices used alone. A statistically significant 

correlation was found between combined evaluations 

using each device with the ICDAS II at the D3 threshold 

value. While the DIAGNOdent Pen showed the highest 

sensitivity, Caries ID showed the highest selectivity value.  

In vitro validity of each system evaluated with the 

ICDAS II 

Any devices did not show success at the D1 and D2 

thresholds. However, it was determined that the 

sensitivity, selectivity, and AUC values were increased in 

comparison with the findings of the devices used alone. A 
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statistically significant correlation was found between 

combined evaluations using each device with the ICDAS 

II at the D3 threshold value. While the DIAGNOdent Pen 

showed the highest sensitivity, Caries ID showed the 

highest selectivity.  

Discussion 

In this study, the ICDAS II system and caries diagnostic 

devices were evaluated both in vivo and in vitro. Studies 

on caries diagnosis methods and activities can be carried 

out under in vitro or in vivo conditions [7,8]
. The gold-

standard histological examinations can accurately 

determine widths and depths of caries lesions [9,10]
.  

In this study, only third molar teeth containing intact or 

initial lesions were included. Thus, the histological depths 

of selected specimens were evenly distributed. This is an 

important factor in determining sensitivity and selectivity 

values obtained via ROC analysis of the methods. In 

studies where the effectiveness of diagnostic methods is 

assessed using ROC analysis, calculations are usually 

made based on the threshold values of D1 and D3 [11-13]
. It 

is technically risky to evaluate an ordinal evaluation 

method such as ICDAS II which evaluates using a scoring 

system of six levels, in the context of a two-level gold 

standard method. Such studies do not add useful 

information to the parameters that the method is 

evaluating; ICDAS not only calculates the width of the 

decay, but also evaluates the state of cavitation clinically 

[11]
. 

In this study, the D2 threshold value was also evaluated, 

as Mortensen et al.  and Souza et al.[12,14]. In addition to 

the D1 and D3 thresholds, analyses of the D2 threshold 

were also performed to investigate the effectiveness of the 

methods in diagnosing decay at the enamel level. While 

the methods were not successful at the D1 and D2 

threshold values, they were successful at the D3 threshold. 

This demonstrates that these methods can identify caries 

lesions at the level of dentin, but not those at an initial 

stage or enamel level.  

Successful results could not be obtained at the D1 and D2 

threshold values using the Diagnostic Pen. A possible 

reason for this, which may be a significant limitation of 

this device, is excessive scoring in areas that are colored 

or not cleaned. Although successful in the identification of 

caries at the D3 level under in vitro and in vivo conditions, 

it was less successful than the other methods.  

There are insufficient studies reporting the use of Caries 

ID. Known studies have typically been performed in vitro. 

However, it has been reported that Caries ID should also 

be used in patients in order to determine its performance 

in clinical conditions [15]
. The performance of the device 

has been found to be similar to that of the DIAGNOdent 

Pen. Similar results were obtained in our study. Even in at 

the D3 level, Caries ID was found to be more successful 

than the DIAGNOdent Pen. 

CarieScan Pro, designed for the detection of cavity-free 

caries lesions, did not achieve success at the D1 and D2 

levels, similar to the other methods. At the D3 level, its 

success was lowest among all the methods. We are of the 

opinion that the technical precision and environmental 

factors required in the use of this device make it difficult 

to use for ideal measurements. Based on the results of 

other studies, this device could not meet expectations and 

its performance was found to be inadequate [11,14]
.  

When in vivo and in vitro findings were compared, it was 

found that sensitivity and selectivity values of all devices 

were increased during in vitro measurements. This may be 

a reason for better standardization under in vitro 

conditions than under in vivo conditions.  

In the majority of studies carried out to date, it has been 

reported that diagnostic devices can be used alone as 

adjuncts to the conventional methods to obtain more 

successful results [11,16,17]
. Although it is reported that the 



 Merve Gurses, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR) 

 

 
© 2018 IJMSIR, All Rights Reserved 

 
                                

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

P
ag

e1
3

7
 

  

devices offer similar or better performances than the 

conventional methods, it would be incorrect to make an 

operational decision based only on performance of the 

devices in the routine clinical setting. Our study found that 

the diagnostic performance of the devices was better under 

both in vivo and in vitro conditions when evaluated along 

with the findings of the ICDAS II system. 

Conclusion 

Within the limitations of this study, the combined in vivo 

use of the ICDAS II system and the DIAGNOdent Pen 

showed the results closest to those of the histological 

examination. This combination can be considered the most 

appropriate method for detection of occlusal caries in the 

clinical environment. 
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Table and Figure 

Table 1 Diagnostic criteria used in this study for the ICDAS II, Diagnodent Pen, Caries ID and the CarieScan Pro 
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e 0 

1 

 

2 

 

3 

ICDAS 

II 0 

1 

 

2,3 

 

4,5,6 

Diagnodent 

Pen 0-13 

14-20 

 

21-30 

 

>30 

Caries ID 

No signal/ green 

light 

Low level signal/ red light 

Middle level signal/ red 

light Fast or uninterrupted 

signal/ red light 

CarieScan 

Pro 0/ green light 

1-30/ green- yellow light 

 

31-90/ yellow 

light 91-100/ red 

light 

Table 2 Regulation of scoring with ICDAS II with each caries diagnostic device 

 Visual Examination 

  0 1 2 3 

Caries 0 0 0 1 2 

Diagnosti

c 

     

Devices 1 0 1 2 2 

 2 1 2 2 3 

 3 2 2 3 3 

Visual examination score= VES / Caries diagnostic devise score= CDDS 
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Table 3 Evaluation of similarity between caries diagnosis methods and histological examination 

 in vivo in vitro 

 Chi p Chi 

square 

P 

 square    

ICDAS II * * * * 

Diagnodent Pen 21.773 <0,00

1 

37.554 <0,00

1 

Caries ID 28.462 <0,00

1 

* * 

CarieScan Pro * * * * 

ICDAS II+ Diagnodent 

Pen 

6.819 0,338 15.788 0,014

9 

ICDAS II+ Caries ID 23.0428 <0,00

1 

* * 

ICDAS II+ CarieScan 

Pro 

* * * * 

 

* Histological examination results were compared; but it was observed that the data set did not provide the necessary 

assumptions for cross-analysis. 

Table 4 ROC analysis values calculated for each method according to the threshold values D1, D2 and D3 in the in 

vivo and in vitro environment. 

 

System 

 

Downer’s 

histology 

 

Cut-of 

 

Sensitivity 

in vivo/in vitro 

 

Specificity 

in vivo/in vitro 

 

AUC 

in vivo/in vitro 

 D1 1 - - 0,332 

ICDAS II D2 2,3 - - 0,485 

 D3 4,5,6 67,9 85 0,817 

 D1 14-20 - - 0,444 / 0,634 

Diagnodent Pen D2 21-30 87,5 / - 73,8 / - 0,802 / 0,662 

 D3 >30 63,6 / 71,4 78,8 / 75,7 0,775 / 0791 

 D1 1 6,3 / - 62,5 / - 0,226 / 0,328 

Caries ID D2 2 - - 0,335 / 0,419 

 D3 3 53,3 / 78,3 90,7 / 84,6 0,810 / 0,866 

 D1 1-30 - - * 

CarieScan Pro D2 31-90 - / 11,4 - / 47,7 0,345 / 0,218 
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 D3 91-100 - / 52,3 - / 88,6 0,485 / 0,782 

ICDASII+ D1 1 - - 0,338 / 0,428 

Diagnodent D2 2 - - 0,535 / 0,616 

pen D3 3 73,1 / 82,4 85,5 / 80,3 0,851 / 0,863 

 D1 1 7,1 / 22,2 63,5 / 37,1 0,244 / 0,273 

ICDAS 

II+Caries ID 

D2 2 - - 0,390 / 0,426 

 D3 3 54,5 / 68,8 90,9 / 99,3 0,806 / 0,850 

ICDAS D1 1 16,7 / 25 42,7 / 41,2 0,136 / 0,136 

II+CarieScan D2 2 10,8 / 12,8 52,9 / 53,1 0,314 / 0,322 

Pro D3 3 53,3 / 56,1 90,7 / 89,4 0,774 / 0798 

 

Figures 

Figure 1 : Evaluation of images obtained during histological examination 

(A) - Sample for "0" score, (B) - Sample for "1" score 

(C) - Sample for "2" score, (D) - Sample for "3" score 

 

 

 

 

 

 

 


