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ABSTRACT  

Background:   Laser fluorescence for caries detection has been accepted  as an adjunct in 

clinical practice in diagnosing occlusal caries. But the real diagnostic challenge is when some 

element of doubt regarding the presence of the suspected lesion being carious or not comes in.  

AIM:   To clinically assess the validity of   laser fluorescence method. 

Materials and Methods: 200 patients between 6 years to 14 years of age fulfilling the 

inclusion criteria in first and or second mandibular molar were included in the study. 

Depending on the laser fluorescence values, visual and radiographic scoring the selected 

patients were designated to the following groups: 

Group I:     Diagnosing Caries free teeth correctly 

Group II:    Detection of Incipient carious lesions    

Group III:   Detection of questionable lesion. 

Statistical Analysis: The statistical analysis was done by sensitivity and specificity tests 

Result: GROUP 1: The laser fluorescence exhibited 100 % specificity and sensitivity in 

diagnosing caries free teeth correctly.   

GROUP 2: Sensitivity is the ability of a test to correctly identify those with the disease. Laser 

fluorescence exhibited 100 % sensitivity whereas visual method detected carious lesion 

correctly with 37.9 % sensitivity. Radiographically the caries detection was correct with 14.9 

% sensitivity. 

GROUP 3: The laser fluorescence has a sensitivity of 100%. The radiographic method was 

51.4% accurate in diagnosing the lesions correctly. The visual method was 69.4 % accurate in 

detecting questionable lesions correctly. This was confirmed by taking an exploratory biopsy 

with air abrasion.  

Conclusion: 

Laser fluoresce method is a valuable, valid and reliable adjunct of caries detection in 

diagnostic dilemmas of questionable non cavitated carious lesions along with traditional 

method of caries diagnosis. 

 

Keywords:  Visual method, Radiographic method, Laser fluorescence, questionable carious 

lesions, Air abrasion.   
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INTRODUCTION  

 Murphy and Dingwall said that “The hallmark of science is the pursuit of truth and the 

limitation of error. As such, science is an attitude of mind rather than a set of procedures. The 

defining characteristic of that attitude is a commitment to subject any claim to rigorous 

evaluation and the conscientious seeking out of evidence that might contradict or modify that 

claim’.   Reliability and validity are ways of demonstrating and communicating the rigor of 

research processes and the trustworthiness of research findings. Reliability is the degree to 

which an assessment tool produces stable and consistent results. The principle of validity is a 

cornerstone of scientific method of research methodology.   Validity refers to how well a test 

measures what it is purported to measure. It refers to the accuracy of an assessment. Even if a 

test is reliable, it may not provide a valid measure [1-3]. Thus, any equipment which is 

introduced should be assessed both in quantitative and qualitative terms. This is of paramount 

importance when a clinician’s prowess in diagnosis may be accentuated or undermined, or 

have a bearing on the therapeutic outcome by using diagnostic tools as adjuncts [1-3]. 
 

  The deep fissured occlusal surface of young permanent molars is the most susceptible and 

vulnerable site for dental caries as the enamel is thinner than other surfaces. The deep fissures 

making cleaning a challenge and morphological variations compound this problem. 

Management of dental caries depends on which stage caries is detected. Initially it was 

thought that the pits and fissures are like V shaped grooves and if the dental probe does not 

stick there is no caries. But today our knowledge of cariology makes it clear that the current 

caries model is of coke bottle appearance. The organic biofilm may occlude the mouth of 

fissure and acid percolation at the walls of the fissure will lead to subsurface dissolution [3-5]. 

Subsurface, non cavitated carious lesions have the potentiality to be remineralized provided 

they are diagnosed early [3-6].  

 

                     Diagnosis of caries traditionally was mainly by visual method and at times aided by 

radiography. Thus, diagnosis of caries was hugely dependent on the clinical acumen of the 

clinician. At times, there is a diagnostic dilemma in suspicious lesions whether to follow wait 

and watch protocol or to have an interventional approach.  To overcome individual bias and 

detect caries before cavitation, a diagnostic aid is needed which is valid and reliable. It has 

been documented that laser fluorescence, a non-invasive diagnostic aid, can be an adjunct to 

traditional methods in detection of caries but its effectiveness in questionable lesions needs 

validation. Laser fluorescence device is based on the principle that when a tooth is irradiated 

by low power pulsed infrared 655 nm diode laser the bacteria elicit   fluorescence as they 

contain porphyrins which undergo a photochemical reaction on irradiation. The remitted 

fluorescence shows various scales between 0-99 [3,7-8]. 

 

Thus, the aim of this study was validation of laser fluorescence method in caries detection and 

diagnosis of questionable carious lesions.  

 

MATERIAL & METHOD 

 

 Children between 6 – 14 years of age, reporting to the department of Conservative Dentistry 

and Endodontics, were screened with laser fluorescence device (Diagnodent pen 2190, 

KAVO,Birbech Germany) to detect any suspected or hidden initial pit and fissure caries  on 

their   first or second mandibular molars. The indices used for case selection and segregation 

clinically and radiographically, was Ekstrand criteria of severity index for occlusal fissure 

carious lesions.  Laser fluorescence scoring was based on Lussi Criteria for measuring the 
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severity of carious lesion.  The total number of patients which were screened was 200 and 

segregated as follows:  

 

 

 Group I:  DIAGNOSING CARIES FREE TEETH CORRECTLY 

  When evaluated visually and radiographically there was no caries. Laser fluorescence values 

were less than 15. This group was reassessed at the end of 12 months by laser fluorescence 

and radiographically.  

 

Group II: INCIPIENT CARIOUS LESIONS  

Laser fluorescence values were 15-25.  Clinically there was no opacity, or opacity (white) 

hardly visible on the wet surface, but distinctly visible after air-drying (5 second). 

Radiographically there was no caries. Remineralizing paste containing casein phospho 

peptide amorphous calcium phosphate with fluoride (CPP-ACP- F) was given to patient for 

daily application for a month. The evaluation by laser fluorescence was done at 12 months.  

 

Group III:  QUESTIONABLE LESIONS – DIAGNOSIS CONFIRMED BY 

EXPLORATORY BIOPSY  

Laser fluorescence values > 25. Clinically there was no opacity or opacity (white) hardly 

visible on the wet surface, but distinctly visible after air-drying (5 second) or opacity 

distinctly visible without air-drying. Radiographically no carious lesion was detected. The 

selected teeth were isolated with rubber dam. Exploratory cavity preparation was done with 

air abrasion unit. The settings were 60 psi-80 psi, with 27-micron particles. The 

recommended movements of the tip were short controlled bursts kept at 1mm from the tooth 

surface at an angle of 45-60 degree, designed to trace out and identify the pits and fissures and 

incipient caries while following path of least resistance. Restoration was done with flowable 

composite or posterior composite as per depth of the cavity.  

 

RESULT  

The Excel and SPSS 17 software packages were used for data entry and analysis. The 

statistical analysis was done by sensitivity and specificity analysis. 

 

TABLE 1: 

GROUP 1: CORRECTLY DIAGNOSING CARIES FREE CASES  

Specificity is the ability of the test to correctly identify those without the disease (true 

negative rate). The laser fluorescence exhibited 100 % specificity and sensitivity in 

diagnosing caries free teeth correctly.  

 

GRAPH 1:   

GROUP 1: CORRECTLY DIAGNOSING CARIES FREE CASES 

The laser fluorescence exhibited 100 % specificity and sensitivity in diagnosing caries free 

teeth correctly. 

 

 

 

 

 

 

 

 GRAPH 2   
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 GROUP 2: DETECTING INCIPIENT CARIOUS LESIONS 

Sensitivity is the ability of a test to correctly identify those with the disease. Laser 

fluorescence exhibited 100 % sensitivity whereas visual method detected carious lesion 

correctly with 37.9 % sensitivity. Radiographically the caries detection was correct with 14.9 

% sensitivity. 

 

GRAPH 3  

GROUP 3: DETECTING QUESTIONABLE CARIOUS LESIONS 

The laser fluorescence has a sensitivity of 100%. The radiographic method was 51.4% 

accurate in diagnosing correct lesions. The visual method was 69.4 % accurate in detecting 

questionable lesions correctly. This was confirmed by taking an exploratory biopsy with air 

abrasion.  

 

TABLE 1: GROUP 1 –  CORRECTLY DIAGNOSING CARIES FREE CASES 

 
  Total 

Yes No 

RADIOGRAPHIC 

METHOD 

no caries diagnosed correctly 

Yes 0 0 0 

No 3 38 41 

Total 3 38 41 

 Sensitivity Specificity PPV NPV 

 92.7% 100.0% #DIV/0! 92.7% 

     

  Total 
Yes No 

LASER FLUORESCENCE 

diagnosing no caries 

correctly 

Yes 3 0 3 

 No 0 38 38 

Total 3 38 41 

 Sensitivity Specificity PPV NPV 

 100.0% 100.0% 100.0% 100.0% 

     

  Total 

Yes No 

VISUAL METHOD 

diagnosing no caries 

correctly 

Yes 0 0 0 

No 3 38 41 

Total 3 38 41 

 Sensitivity Specificity PPV NPV 

 92.7% 100.0% #DIV/0! 92.7% 

 

The laser fluorescence exhibited 100 % specificity and sensitivity in diagnosing no caries 

correctly. 
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GRAPH 1 

 

GROUP 1:  CORRECTLY DIAGNOSING CARIES FREE CASES 

 

 
 

The laser fluorescence exhibited 100 % specificity and sensitivity in diagnosing   caries free 

cases correctly. 

 

 

 

GRAPH 2 

GROUP 2: DETECTING INCIPIENT CARIOUS LESIONS 

 

 
 

 

Laser fluorescence exhibited 100 % sensitivity whereas visual method detected carious 

lesion correctly with 37.9 % sensitivity. Radiographically the caries detection was correct 

with 14.9 % sensitivity. 
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GRAPH 3 

GROUP 3: DETECTING QUESTIONABLE CARIOUS LESIONS 

 
The laser fluorescence has a sensitivity of 100%. The radiographic method was 51.4% 

accurate in diagnosing correct lesions. The visual method was 69.4 % accurate in detecting 

questionable lesions correctly. 

 

DISCUSSION  

 

The general dentist in his day to day dental practice need to clinically assess the extent and 

caries activity of carious lesion, to predict the risk of the future course of the disease and 

formulate a need based therapeutic management strategy. If he has an in-depth, reliable data 

about the extent severity, caries activity of the existing lesion it will increase the likelihood 

of a successful treatment outcome. Thus, it is imperative that clinician is aided by a non-

invasive quantitative caries detection device which helps him in making well informed 

treatment decisions [ 3-5]. 

 

Studies confirm   the prevalence of caries in adolescent and young adults even in well-

established and progressive oral health services in countries like Sweden and Netherland. 

Caries is a chronic dental disease and its chronicity is characterized by its slow progressive 

nature. This creates a window of opportunity to reverse the mineral loss or arrest the disease’s 

progression and for timely intervention before the development of irreversible damage to the 

tooth structure [9]. Acevedo AM et al carried out a survey to evaluate the current status of 

dental caries in 11-13-year-old school children. The criteria which was followed in this survey 

was that proposed by Radike (1972) as modified by Acevedo et al (2005) for noncavitated 

carious lesions. It was found that non cavitated lesions represent 33% of the total carious 

lesion [10]. 

 

 

The importance of diagnosing non cavitated lesion has been long been understood, but only 

since last two decades the cariology research has got the much-needed impetus. The most 

common traditional method of caries detection is visual-tactile and radiographic. The 

accuracy of visual - tactile method in caries detection of non cavitated, incipient lesion or 

hidden caries when used alone, depends on the clinical acumen and optical acuity of the 

operator and also the protocol followed like drying tooth surface, removal of biofilm, 

separation of the teeth for detecting proximal caries, good lighting and the probes used [3,10-

11]. 
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The performance of caries detection methods is assessed considering two important 

parameters: reproducibility and validity [3, 12,13]. Caries detection and diagnosis since 

centuries has relied on visual and tactile methods. The detection was based on colour changes 

in enamel of pits and fissures and smooth surfaces and presence or absence of cavitation.  The 

visual and tactile method depends on the clinical acuity of the clinician and it is not 

reproducible even for the same clinician leave alone for other observers. The carious process 

is a continuum disease process and to monitor it at a specific point will give an unfounded, 

inaccurate and unrealistic result. Since the remineralization process is to be harnessed to 

reverse the carious progression a method of caries detection and diagnosis is required which 

detects incipient or early reversible lesions. The validity of visual caries detection is also 

questionable especially in incipient lesions. Hence a sensitive diagnostic adjunct is required to 

provide acceptable compromises between sensitivity and specificity for a wide range of 

applications such as for individual caries control and management as well as for research 

purposes. Current diagnostic aids use the alteration in laser fluorescence, reflectance, 

electrical conductance or impedance, and ultrasound transmittal properties of enamel with 

respect to demineralization and remineralization during the continuum of a carious lesion over 

a period of time [3, 12-14]. 

 

Thus visual - tactile method test for both lesion detection and lesion assessment may not be a 

valid and reliable diagnostic test, especially when used alone. Radiographic method can be 

used as a base line diagnostic tool, estimating the depth of lesion and for assessing and 

monitoring progression of lesion over a period of time, and is more sensitive a tool than 

clinical inspection. But since caries detection on radiographs depends on mineral loss, the 

lesion may have progressed beyond scope of remineralization before it is detected. Moreover, 

radiography cannot distinguish between active and arrested lesions and diagnosis is dependent 

on the interpretation skill of the dentist [3,14].  

 

 

Atrill compared the accuracy and reproducibility of three methods of occlusal caries 

diagnosis i.e visual, radiographic and laser fluorescence based DIAGNODdent, in primary 

molars in an invivo study. The DIAGNOdent was highly sensitive as compared to other 

methods but its specificity was lower. In non cavitated teeth the DIAGNOdent’s 

performance was not statistically significantly better than visual method. The authors 

recommend it as a predictive clinical tool [15]. Burin et al in an invitro study compared the 

efficacy of a laser fluorescence device – DIAGNOdent with the traditional methods of 

visual and radiographic detection of occlusal caries. It was observed that all three methods 

were equivalently specific but DIAGNOdent and visual methods were more superior than 

radiographic methods. The authors recommended the use of DIAGNOdent as an adjunct for 

caries detection than radiographic method alone [16]. Lussi et al in an in vivo study 

evaluated a laser fluorescence based caries detection device-Diagnodent, and it was 

compared to gold standard of clinical evaluation and bitewing radiography. The 

DIAGNOdent was found to be statistically more sensitive a diagnostic tool than the 

traditional methods of visual and radiographic evaluation for caries detection. The authors 

recommended it as a reliable decision making diagnostic tool, in diagnostic dilemmas [17]. 

In the present study, it was found that laser fluorescence was more specific tool than visual 

to detect absence of caries when it wasn’t there and it was comparable to radiographic 

method. In incipient noncarious lesions  the laser fluorescence method was more sensitive 

than visual and radiographic method and this was evaluated for over a follow up of 12 

months. In questionable lesions the laser fluorescence has a sensitivity of 100% the 

radiographic method was 51.4% accurate in diagnosing correct lesions and in the visual 
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method was 69.4 % accurate in detecting questionable lesions correctly. (Table 1, Graph 1, 2 

& 3) Diagnosis was ratified and found to be reliable as Group 1 and 2 was followed up for a 

period of twelve months. Diagnostic dilemmas of Group 3 was confirmed and resolved by 

an exploratory enamel biopsy by air abrasion [ 18 -19].  

 

There is no global consensus   or construct on the criteria for detection of carious lesions 

[13]. 

Validity refers to the ability of the carious lesion detection system to measure what it purports 

to measure. If important facets like early lesions are excluded, then then content validity is 

compromised. If it includes non-carious lesions, then construct validity is compromised. If 

enamel caries is seen histologically penetrating dentin, then concurrent criterion validity is 

compromised If active lesion is predicted and it does not progress at later follow up then 

predictive criterion validity is compromised [3]. Thus, in this study laser fluorescence 

exhibited validity in terms of content, construct and predictive criterion. Since histological 

correlation was not evaluated the concurrent criterion validity  cannot be commented upon. 

That  is the limitation of this study design.  

 

Validity of laser fluorescence in diagnostic dilemmas of questionable non cavitated carious 

lesions is not compromised. The suspected lesions were followed up for a period of twelve 

months and where the baseline laser fluorescence values were over 25 readout, an exploratory 

enamel biopsy was done by ultraconservative method of air abrasion.  Hence, laser 

fluorescence can serve as valuable valid and reliable aid in caries detection of non cavitated 

lesions.   

 
 

CONCLUSION 

Laser fluoresce method is a valuable, valid and reliable adjunct of caries detection in 

diagnostic dilemmas of questionable non cavitated carious lesions along with traditional 

method of caries diagnosis. 
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