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1. Introduction 

        Dental caries is a high prevalence disorder and controlling it has been a 

very important health objective (Marthaler, 2004). The actual development and  

distribution patterns of dental caries have confirmed non-cavitated initial 

carious lesion (whit spot lesions) on enamel as the most prevalent type of  

carious lesion worldwide (Baelum et al., 2006). 

   On the other hand from the 1970s onwards, there has been decreasing 

prevalence of cavitated caries lesions in industrialized and emerging countries 

(Jeon et al., 2004) .This change in the pattern of development of the disease can 

negatively affects diagnosis, especially on occlusal surfaces of posterior teeth, 

where a large number of non-cavitated enamel carious lesions remain 

undetected by clinical examination (Hall and  Girkin, 2004). The last three 

decades have seen a significant   reduction  in the  prevalence,  incidence  and  

severity of  caries in  much of the developed   world,   although certain   

sections   of these communities,   such as those from lower socioeconomic 

groups, are still at high risk of developing dental caries ( Diniz et al., 2010). 

        There has been a developing   paradigm shift in dentistry one moving away 

from a surgical model of treatment to one based on the prevention of disease. 

As with many disease entities, prevention is at its most effective when detection 

is early within the natural history of the disease.  Understanding of the caries 

process has continued to advance, with the vast majority of evidence supporting 

a dynamic process that is affected by numerous modifiers tending to push the 

mineral equilibrium, toward   remineralization or demineralization (Holt, 2001), 

with this greater understanding of the disease comes an opportunity to promote 

‘preventive’ therapies that encourage the remineralization of non-cavitated 

lesions resulting in inactive lesions and the preservation of tooth structure, 

function, and aesthetics. Central to this vision is the ability to detect caries 

lesions at an early stage and correctly quantify the degree of mineral loss, 

ensuring that the correct intervention is instigated (Amaechi et al., 2014).  
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2. Dental  caries 

          Dental caries is an irreversible microbial disease of calcified tissues, of 

the teeth, characterized by demineralization of the inorganic portion and 

destruction of organic substance of tooth, which often leads to cavitation. It is 

complex and dynamic process where a multiple of factors influence and initiate 

the progress of disease (Pretty, 2012).  

         Dental caries is a multifactorial  disease caused by host, agent, and 

environmental factors.  Mutans streptococci is the primary etiologic agent of 

dental caries ( Douglass  et al., 2008). Furthermore, diet is considered to be the 

most important factor in caries process, its importance come from that dental 

caries become widely spread disease only when population changes their diet 

(Marwah, 2009). 

  

 2.1 Diagnosis and detection of dental caries  

         Diagnosis is a decision process that rests with the clinician and is 

informed by, initially, detection of a lesion and should be followed by an 

assessment of the patient’s caries risk, which may include the number of new 

caries lesions, past caries experience, diet, presence or absence of favorable or 

unfavorable modifying factors (salivary flow, mutans streptococci counts, oral 

hygiene), and qualitative aspects of the disease such as color and anatomical 

location (Featherstone, 2004). These detection systems are therefore aimed at 

augmenting the diagnostic process by facilitating either earlier detection of the 

disease or enabling it to be quantified in an objective manner. Visual inspection, 

the most ubiquitous caries detection system, is subjective. Assessment of 

features such as color and texture are qualitative in nature. These assessments 

provide some information on the severity of the disease but fall short of true 

quantification (Mau pomé and Pretty, 2004).  



3 
 

         Researches has shown that significant inconsistencies exist in the 

diagnosis of caries. These inconsistencies are partly related to the marked 

variation among dentists when diagnosing dental caries and the lack of sensitive 

and specific methods to detect and quantify carious lesions (Tetradise et al., 

2010). An inaccurate diagnosis will result in either overtreatment, with 

placement of unnecessary restorations, or under-treatment, which will 

potentially miss the benefit of invasive types of treatment at an earlier stage of 

caries development. Either circumstance will directly or indirectly impact 

patients’ oral health status and the short- and long-term cost of care (Marthaler, 

2004). 

 

2.2 Method of caries detection  

         Identifying the methods being used for caries diagnosis and the factors 

associated with their use is important to understanding the current status of 

caries diagnosis in non-academic daily clinical practice. This information 

should be invaluable for developing consistent criteria for caries diagnosis and 

targeting dentists who could enhance their diagnostic accuracy (Choo-Smith, 

2008). Due to early caries diagnosis, the severity of the lesions has fallen in 

recent decades (Versteeg et al., 2001). The clinical pattern of caries is changing 

and slow progression of lesions, later cavitation and dentine affected below 

apparently sound enamel with a higher prevalence in particular risk groups 

(Haak et al., 2006).  

         Visual examination and conventional radiography are diagnostic methods 

commonly employed by dentists. They have been joined by the new diagnostic 

techniques which have been made possible by digital radiological imaging, 

which can be combined with programs to assist decision-making (Duncan et al., 

1995). Optic fiber backlighting and laser fluorescence have also contributed 

new aids to diagnosis (pretty et al., 2006). The fall in caries prevalence in 

industrialized countries has been accompanied by a rise in the percentage of 
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interproximal caries, consequently, the examination method that is most-used 

and most effective for diagnosing lesions is bitewing radiography (Poorterman  

et al., 2000). Digital radiography adds new advantages to those of conventional 

methods, including speed and less radiation (Wenze et al., 2003). 

         Central to this vision is the ability to detect caries lesions at an early stage 

and correctly quantify the degree of mineral loss, ensuring that the correct 

intervention is investigated  ( Amaechi and Higham , 2001). The failure to 

detect early caries, leaving those detectable only at the deep enamel, or 

cavitated stage, has resulted in poor results and outcomes for remineralization 

therapies. It can also be argued that practitioners have often failed to embrace 

prevention because its efficacy cannot be easily monitored. Therefore, the 

ability to monitor early lesions and determine if they have indeed arrested or 

stabilized is also key to ensuring that effective prevention can become common 

place in  general (Nyvad, 2004). 

          Ability to quantify and/or detect lesions earlier that the novel diagnostic 

systems offer to the clinician. Pitts (2001) provides a useful visual description 

of the benefits of early caries detection. Using the metaphor of an iceberg, it can 

be seen that traditional methods of caries detection result in a vast quantity of 

undetected lesion (Figure 1) There is a clinical argument about the significance 

of these lesions, with some authors believing that only a small percentage will 

progress to more severe disease, however, it is a undisputed fact that all 

cavitated lesions with extension in pulp began their natural history as an early 

lesion. From this it can be seen that as the sensitivity of the detection device 

increases so does the number of lesions detected. It can also be seen that the 

new detection tools are required to identify those lesions that would be 

amenable to remineralizing therapies (Pitts, 1997). 
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   Figure1:  The ‘iceberg’ of caries and the influence of detection system. 
Modified from (Pitts, 2001). 

 

  When assessing the effectiveness of such methods, the preferred reporting 

metrics are those of traditional diagnostic science; namely specificity, 

sensitivity, and the correlation with the truth (the true state of the disease, 

established using a gold standard). Novel diagnostic systems are based upon the 

measurement of a physical signal; these are surrogate measures of the caries 

process. Examples of the physical signals that can be used in this way include 

X-rays, visible light, laser light, electronic current, ultrasound, and possibly 

surface roughness (Verdonschot, 2003). For a caries-detection device to 

function it must be capable of initiating and receiving the signal as well as being 

able to interpret the strength of the signal in a meaningful way. Table 1 

demonstrates the physical principles and the detection systems that have taken 

advantage of them (Verdonschot, 2001). 
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Table1: Methods of caries detection based on their underlying physical 
principles. Modified from (Angmar- Mansson, al-Khateeb et al., 1998). 

 

Physical principle  Application in caries detection 

X-rays                     Digital subtraction radiography Digital 
image enhancement 

Visible light              Fibre optic transillumination (FOTI) 
Quantitative light-induced fluorescence 
(QLF) Digital image fibre optic 
transillumination (DiFOTi ) 

Laser light                  Laser fluorescence measurement 
(DIAGNOdent) 

Electrical current        Electrical conductance measurement 
(ECM) Electrical impedance 
measurement 

Ultrasound            Ultrasonic caries detector 

 

 

2.2.1 Detection systems based on purely visual examination 

Visual examination is the most commonly used method for detecting caries 

lesions because it is an easy technique that is routinely performed in clinical 

practice (Pitts, 2002). Visual examination has presented high specificity 

(proportion of sound sites correctly identified), but low sensitivity (proportion 

of carious sites correctly identified), and low reproducibility (Bader et al., 

2002). 

      A range of   new detection and monitoring systems have been   developed                    

and are either currently available to practitioners or will be shortly. Such   

technologies are combined with more rigorous visual examination techniques, 

and there is considerable interest in the International Caries Detection and 

Assessment System (ICDAS) (Ismail et al., 2008). 

      In spite of the new diagnostic criteria and other caries diagnostic systems 

that are being developed, dental caries diagnosis in an epidemiological setting is 

mostly carried out by clinical visual examination in accordance with the WHO 
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diagnostic criteria (Zakian et al., 2010). However, improvements in the visual 

examination can be achieved by supervised tooth brushing, drying the dental 

surfaces to be examined, and using an artificial source of lighting (Ionita, 2016). 

            The use of accompanying tactile examination is not recommended 

because rigorous probing of lesions can lead to cavitation. The use of a blunt 

probe, ideally a periodontal probe, can be used to detect differences in surface 

roughness (Pitts, 2004). In the early 2000s, a group of caries experts felt that 

there was a need to develop a new visual index for caries, one that could be 

used in a range of settings, from epidemiology through to general practice 

(Ismail, 2007). From the development of the index, the proposal was to develop 

a caries management system where care pathways were linked to lesion status 

and patient risk factors (Iwami, 2011). The International Caries Detection and 

Assessment System (ICDAS) was developed, figure 2 (Pitts, 2004), this system 

has codes for smooth surface and  occlusal lesions .The ICDAS system is one 

that advocates a careful and thorough assessment of the dentition following 

cleaning and drying (although Code 1 and Code 2 lesions require  examination  

wet and dry in order to discriminate between them). Early lesions are 

categorized in Codes 1–3, and these are the lesion types that would be most 

amenable to preventive intervention (Ismail et al., 2007; Ismail et al., 

2008).There is developing evidence that ICDAS can prove to be a useful and 

reliable system in detecting early lesions (Braga et al., 2009; Diniz et al., 2009; 

Agustsdottirt et al., 2010).  
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Figure 2: Description and clinical examples of each score of International 
Caries Detection and Assessment System( Ismail et al., 2007). 

 
 

         It was recognized that there are two components of systems for caries  

detection that are required within a general practice setting: The first is the 
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ability to detect lesions, and the second is to be able to monitor them over time. 

Currently there are insufficient data to determine if the ICDAS codes are 

sensitive enough to support effective lesion monitoring. For example, is it 

possible for a lesion to double in size (or severity) and yet remain within the 

same code Research is being undertaken in this area, and efforts have been 

made to combine ICDAS examinations with other caries detection technologies. 

Despite this limitation, the ICDAS methodology has a great deal to offer 

practitioners in terms of developing a rigorous approach to caries examination 

as part of their patient examinations (Zandoná et al., 2010). 

 

2.2.2 Detection systems based on electrical current measurement     

          Every material possesses its own electrical signature. For example, when 

a current is passed through the substance the properties of the material dictate 

the degree to which   that current is conducted; physical changes to the structure 

of the material will have an effect on this conductance. Biological materials are 

no exception, and the concentration of fluids and electrolytes contained within 

such materials largely govern their conductivity (Ekstrand et al., 1998). For 

example, dentine is more conductive than enamel. In dental systems there is 

generally a probe, from which the current is passed; a substrate, typically the 

tooth; and a contra-electrode, usually a metal bar held in the patient’s hand. 

Measurements can be taken either from enamel or exposed dentine surfaces 

(Verdonschot et al., 1995). In its simplest form caries can be described as a 

process resulting in an increase in porosity of the tissue, be it enamel or dentine. 

This increased porosity results in a higher fluid content than sound tissue, and 

this difference can be detected by electrical measurement by decreased 

electrical resistance or impedance (Bader, 2000). 
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A. Electronic Caries Monitor (ECM) 

         The ECM device employs a single, fixed-frequency alternating current, 

which attempts to measure the ‘bulk resistance’ of tooth tissue, figure 3.This 

can be undertaken at either a site or surface level. When measuring the electrical 

properties of a particular site on a tooth, the ECM probe is directly applied to 

the site, typically a fissure, and the site measured. During the five-second 

measurement cycle, compressed air is expressed from the tip of the probe, that 

can provide useful information for characterizing the lesion. Although it is 

generally accepted that the increase in porosity associated with caries is 

responsible for the mechanism of action for ECM (Longbottom and Huysmans, 

2004). A number of physical factors also will affect ECM results. These include 

such things as the temperature of the tooth, the thickness of the tissue, the 

hydration of the material (that is, one shouldn’t dry the teeth prior to use), and 

the surface area (Huysmans et al., 2000; Longbottom and Huysmans, 2004). 

 

 
Figure 3 :The Electreonic Caries Monitore  device (version 4) and its clinical 
application: (a) The machine; (b) The handpiece; (c) Site-specific measurement 
technique; (d) Surface-specific measurement technique (Pretty, 2012). 
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    A clinical trial has been undertaken using the ECM device on root caries, and 

the successful outcome of this study suggests that dentine may be a more 

suitable tissue for ECM. The study assessed the effect of 5,000-ppm fluoride 

dentifrice against 1,100 ppm on 201 subjects with at least one root caries lesion. 

These were site- specific measurements taken using the airflow function of the 

ECM unit. After 3 and 6 months, there was statistical difference between the 

two groups, with the higher fluoride group showing a better remineralizing 

capability than the lower fluoride paste users .This is good evidence to suggest 

that ECM is capable of longitudinal monitoring and that clinicians may be able 

to employ the device to monitor attempts at remineralizing, and thus potentially 

arresting, root caries lesions in their patients (Baysan et al., 2001). 

 

B. Electrical Impedance Spectroscopy (EIS). 

       A further application of electronic monitoring of caries is that of Electrical 

Impedance Spectroscopy (EIS). Unlike ECM which uses a fixed frequency (23 

Hz), EIS scans a range of electrical frequencies and provides information on 

capacitance and impendence among others (Huysmans et al., 1996). This 

process provides the potential for more detailed analysis of the structure of the 

tooth to be developed, including the presence and extent of caries (Longbottom 

and Huysmans , 2004). A simplified commercial system, (CarieScan) , has been 

developed, and this is currently available to the market (Longbottom et al., 

2009). 

 

2.2.3 Radiographic techniques 

 A. Digital radiographs 

          Digital radiography has offered the potential to increase the diagnostic 

yield of dental radiographs, and this has manifested itself in subtraction 

radiography. A digital radiograph (or a traditional radiograph that has been 
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digitized) is comprised of a number of pixels (Wenzel, 2004). Each pixel carries 

a value between 0 and 255, with 0 being black and 255 being white. The values 

in between represent shades of gray, and it can be quickly appreciated that a 

digital radiograph, with a potential of 256 gray levels has significantly lower 

resolution than a conventional radiograph that contain millions of gray levels 

(Rickettis, 2007). This would suggest that digital radiographs would have a 

lower diagnostic yield than that of traditional radiographs. Research has 

confirmed this, with sensitivities and specificities of digital radiographs being 

significantly lower than those of regular radiographs when assessing small 

proximal lesions (Verdonschot  et al., 1992). However, digital radiographs offer 

the potential of image enhancement by applying a range of algorithms, some of 

which enhance the white end of the gray scale and others the black end When 

these enhanced radiographs are assessed, their diagnostic performance is at least 

as good as conventional radiographs (Verdonschot et al., 1999), with reported 

values of 0.95 (sensitivity) and 0.83 (specificity) for approximal lesions, Figure 

4 (Tayndall, 2008). When these findings are considered, one must remember 

that digital radiographs offer a decrease in radiographic dose and thus offer 

additional benefits than diagnostic yield. Digital images can also be archived 

and replicated with ease (Poorterman et al., 2000). 

 

 
Figure 4: Comparison of regular and enhanced digital radiographs: (a) Digital 
radiograph; (b) Enhance radiograph where the interproximal lesions between first 
molar and second premolar can be seen more clearly ( Tayndall ,2008). 
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B. Subtraction radiology 

              Using digital radiographs offers a number of opportunities for image 

enhancement, processing, and manipulation. One of the most promising 

technologies in this regard is that of radiographic subtraction, which has been 

extensively evaluated for both the detection of caries and also the assessment of 

bone loss in periodontal studies (Van Rijkom  et al., 2007). The basic premise 

of subtraction radiology is that two radiographs of the same object can be 

compared using their pixel values. If the images have been taken using either a 

geometry stabilizing system (that is, a bitewing holder) or software has been 

employed to register the images together, then any differences in the pixel 

values must be due to change in the object (Wenzel et al., 2009). 

      The value of the pixels from the first object is subtracted from the second 

image. If there is no change, the resultant pixel will be scored 0; any value that 

is not 0 must be attributable to either the onset or progression of 

demineralization, or regression. Subtraction images therefore emphasise this 

change and the sensitivity is increased. It is clear from this description that the 

radiographs must be perfectly aligned, or as close to perfect as possible. Any 

discrepancies in alignment would result in pixels being incorrectly represented 

as change (Ellwood  et al., 2011). Several studies have demonstrated the power 

of this system, with impressive results for primary and secondary caries. 

However, uptake of this system has been low, presumably due to the need for 

well-aligned images. Recent advances in software have enabled two images 

with moderate alignment to be correctly aligned and then subtracted (Ellwood et 

al., 2005). This may facilitate the introduction of this technology into 

mainstream practice where such alignment algorithms could be built into 

practice software currently used for displaying digital radiographs. An example 

of subtraction radiograph is shown in Figure 5.  
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Figure 5: Example of a subtraction of two digital bitewing radiographs: (a) 
Radiograph showing proximal lesion on mesial surface of first molar; (b) 
Radiograph taken 12 months later; (c) The areas of difference between the 
two films are shown as black, that is, in this case the proximal lesion has 
become more radiolucent and hence has progressed (Ellwood et al., 2011). 
 

2.2.4 Enhanced visual techniques 

  Fiber Optic Transillumination (FOTI and DiFOTI) 

       The basis of visual inspection of caries is based upon the phenomenon of 

light scattering. Sound enamel is comprised of modified hydroxyapatite crystals 

that are densely packed, producing an almost transparent structure. The color of 

teeth, for example, is strongly influenced by the underlying dentin shade. When 

enamel is disrupted, for example in the presence of demineralization the 

penetrating photons of light are scattered (that is, they change direction, 

although do not lose energy), which results in an optical disruption. In normal, 

visible light, this appears as a ‘whiter’ area—the so-called white spot (Choksi et 

al., 2004). This appearance is enhanced if the lesion is dried; the water is 

removed from the porous lesion. Water has a similar refractive index (RI) to 

enamel, but when it is removed and clearly air, which has a much lower RI than 

enamel, the lesion is shown more (Pereira et al., 2009). 
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         This demonstrates the importance of ensuring the clinical caries 

examinations are undertaken on clean, dry teeth (Cortes et al., 2003), Figure 6. 

 

 

       Figure 6: Example of early lesions before (a) and after (b) drying  

                       (Cortes et al., 2003). 

 

         Fiber optic transillumination takes advantage of these optical properties of 

enamel and enhances them by using a high intensity white light that is presented 

through a small aperture in the form of a dental handpiece. Light is shone 

through the tooth, and the scattering effect can be seen as shadows in enamel 
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and dentine, with the device’s strength the ability to help discriminate between 

early enamel and early dentine lesion (Pretty, 2006 ), Figure 7.    

      A further benefit of FOTI is that it can be used for the detection of caries on 

all surfaces and is particularly useful at proximal lesions. The research around 

FOTI is somewhat polarized, with a recent review finding a mean sensitivity of 

only 14 and a specificity of  95 when considering  occlusal dentine lesions, and 

4% and 100% for proximal lesions (Bader et al., 2002). Many of the differences 

can be explained by the nature of the ordinal scale used to record the subjective 

visual assessment and the gold standard used to validate the method. However, 

one would expect FOTI to be at least as effective as a visual examination.          

Recent developments in ordinal scales for visual assessments, such as the 

ICDAS scoring system (Pitts, 2004), may enable a more robust framework for 

visual exams into which FOTI can be added. One would expect that FOTI 

would enable discrimination of occlusal lesions to be improved (particularly 

dentine lesions), as well as detection of proximal lesions (in the absence of 

radiographs) to be higher (Cortes et al., 2003). As a technique, FOTI is an 

obvious choice for translation into general practice; the equipment is 

economical, the learning curve is short, and the procedure is not time 

consuming. Indeed, some work has been undertaken trialling the use of FOTI in 

practice with encouraging results (Davies et al., 2001). However with the 

simplicity of the FOTI system comes limitations; the system is subjective rather 

than objective, there is no continuous data outputted, and it is not possible to 

record what is seen in the form of an image. Longitudinal monitoring is, 

therefore, a complex matter. In order to address some of these concerns, an 

imaging version of  FOTI has been developed—DiFOTI (digital imaging FOIT) 

(Pretty, 2012).  
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Figure 7: Fiber Optic Transillumination on a tooth: (a) normal clinical 

vision; (b) with  fiber optic transillumination (Pretty,2012) . 
 

This system comprises a high intensity light and gray-scale camera that 

can be fitted with one of two heads: one for smooth and one for occlusal 

surfaces. Images are displayed on a computer monitor and can be archived for 

retrieval. At repeat visit, Figure 8. However, there is no attempt within the 

software to quantify the images, and analysis is still undertaken visually by the 

examiner (Schneiderman et al., 1997). 

 

              Figure 8: Fiber Optic Transillumination equipmone  
                                    (Schneiderman et al., 1997). 
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2.2.5 Fluorescent Techniques 

 Visible Light Fluorescence—(QLF) 

        Quantitative light-induced fluorescence (QLF) is a visible light system that 

offers the opportunity to detect early caries and then longitudinally monitor its 

progression or regression. Using two forms of fluorescent detection (green and 

red), it may also be able to determine if a lesion is active or not and predict the 

likely progression of any given lesion (lussi, 2004). Fluorescence is a 

phenomenon by which an object is excited by a particular wavelength of light 

and the fluorescent (reflected) light is of a larger wavelength. When the 

excitation light is in the visible spectrum, the fluorescence will be a different 

color (Iwami et al., 2011). In the case of the QLF, the visible light has a 

wavelength (λ) of 370 nm, which is in the blue region of the spectrum. The 

resultant auto-fluorescence of human enamel is then detected by filtering out the 

excitation light using a band pass filter at λ>540 nm by a small intra-oral 

camera. This produces an image that is comprised of only green and red 

channels (the blue having been filtered out), and the predominate color of the 

enamel is green (lussi et al., 2001). Demineralization of enamel results in a 

reduction of this autofluorescence. This loss can be quantified using proprietary 

software and has been shown to correlate well with actual mineral loss; r = 

0.73−0.86 .The source of the autofluorescence is thought to be the enamel 

dentinal junction (EDJ). The excitation light passes through the transparent 

enamel and excites fluorophores contained within the EDJ (van der Veen and  

de Jong, 2000). Decreasing   the thickness of enamel results in a higher intensity 

of fluorescence. The presence of an area of demineralized enamel reduced the 

fluorescence for two main reasons. The first is that the scattering effect of the 

lesion results in less excitation light reaching the EDJ in this area, and the 

second is that any fluorescence from the EDJ is back scattered as it attempts to 

pass through the lesion (Pinheiro et al., 2013). 
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        The QLF equipment is comprised of a light box containing a xenon bulb 

and a handpiece, similar in appearance to an intra-oral camera,   Figure 9. Light 

is passed to the handpiece via a liquid light guide, and the handpiece contains 

the bandpass filter (Angmar-Månsson and ten Bosch, 2001). Live images are 

displayed via a computer, and accompanying soft-ware enables patient’s details 

to be entered and individual images of the teeth of interest to be captured and 

stored. QLF can image all tooth surfaces except inter-proximally (Angmar-

Mansso, 2001), Figure 10. 

 

 

 

Figure 9: Quantitative light-induced fluorescence Equipment: (a) The unit 

light box, demonstrating the handpiece and liquid light guide; (b) A close-

up of the intra-oral camera featuring a disposable mirror tip that also acts 

as an ambient light shield ( Zandona , 2006). 
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Figure 10: Example of  Quantitative light-induced fluorescence  mages: (a) 

White light image of early buccal caries affecting the maxillary teeth; (b) 

QLF image taken at the same time as (a). Note the improved detection of 

lesions as a result of the increased contrast between sound and 

demineralized enamel;(c) 6 months after the institution of an oral hygiene 

program, the lesions have resolved  (Angmar-Månsson and ten Bosch, 

2001). 

 

      Software uses the pixel values of the sound enamel to reconstruct the 

surface of the tooth and then subtracts those pixels that are considered to be 

lesions. This is controlled by a threshold of fluorescence loss, and is generally 
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set to 5% when examining lesions longitudinally, the QLF device employs a 

video repositioning system that enables the precise geometry of the original 

image to be replicated on subsequent visits (Pinheiro et al., 2010). 

        The QLF system offers additional benefits beyond those of very early 

lesion detection and quantification. The images acquired can be stored and 

transmitted, perhaps for referral purposes, and the images themselves can be 

used as patient motivators in preventative practice (Lopes et al., 2007). QLF is 

one of the most promising technologies in the caries detection stable at present, 

although further research is required to demonstrate its ability to correctly 

monitor lesion changes over time (Pretty, 2012). 

 

2.2.6 Laser fluorescence—DIAGNOdent(DD) 

       It is another device employing fluorescence to detect the presence of caries. 

Using a small laser the system produces an excitation wavelength of 655 nm, 

which produces a red light. This is carried to one of two intra-oral tips: one 

designed for pits and fissures, and the other for smooth surfaces. The tip both 

emits the excitation light and collects the resultant fluorescence. Unlike the QLF 

system, the DD does not produce an image of the tooth; instead it displays a 

numerical value on two LED displays. The first displays the current reading 

while the second displays the peak reading for that examination. A small twist 

of the top of the tip enables the machine to be reset and ready for another site 

examination, and a calibration device is supplied with the system (Figure 11). 

Initial evaluations of the device suggest that it may be a promising tool for 

clinical use (Shi et al., 2000). 

           However, the device is not without its confounders, and, like many novel 

caries detection devices, requires teeth to be clean and dry. The presence of 

stain, calculus, plaque, and, when used in the laboratory, the storage medium, 

have all be shown to have an adverse effect on the DD readings (Shi et al., 

2001). The literature surrounding the DD device was recently assessed in a 
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systematic review (Bader and Shugar, 2004). The authors found that, for 

dentinal caries, the DD device performed well, although there was a great deal 

of heterogeneity in the studies, and they were all undertaken in vitro. Their 

conclusion was that there was insufficient evidence to support the use of the 

device as a principle means of caries diagnosis in clinical practice. 

 

 

         Figure 11: The DIAGOdent device (Bader and Shugar, 2004). 

 

          A new DIAGNOdent device, the DIAGNOdent Pen, was introduced ; 

based on the same technology the probe has been adapted to enable readings to 

be taken inter-proximally. Much of the research on this new device has been 

undertaken in vitro, and there is insufficient evidence available at present to 

support its use as single tool for detection and monitoring although it may have 

utility as an adjunct (Aljehani et al., 2007; Kuhnisch et al., 2007; Farah et al., 

2008; Huth et al., 2008).  
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2.2.7 Photo-thermal Radiometry (PTR) 

         A new system, the Canary System, is based on the use of combined levels 

of luminescence and heat released by a tooth that has been excited by a laser. 

The system is based on the theory that demineralized areas of the tooth will 

respond to this excitation in different ways than to “sound” areas, and therefore 

a map of demineralization can be established. A particular benefit of this 

technology is that the manufacturers claim that the use of pulsed lasers will 

enable a depth profile of a lesion to be determined (Jeon et al., 2008), but the 

system’s efficacy in general dental practice remains unknown (Jeon et al., 

2004). 

 

2.2.8  Ultrasound techniques 

         The use of ultrasound in caries detection was first suggested over 30 years 

ago, although developments in this field have been slow. The principle behind 

the technique is that sound waves can pass through gases, liquids, and solids 

and through the boundaries between them .Images of tissues can be acquired by 

collecting the reflected sound waves. In order for sound waves to reach the 

tooth, they must pass first through a coupling mechanism, and a number of 

these have been suggested, but those with clinical applications include water 

and glycerine (Hall and Girkin, 2004). A number of studies have been under-

taken using ultrasound, with differing levels of success. One study reported that 

an ultrasound device could discriminate between cavitated and non-cavitated 

inter-proximal lesions (Matalon et al., 2007). A further study found that 

ultrasonic measurements at 70 approximal sites in vitro resulted in a sensitivity 

of 1.0 and a specificity of 0.92 when compared to a histological gold standard 

(Ziv et al., 1998). In vivo study was undertaken using a device described as the 

Ultrasonic Caries Detector (UCD), whi ch examined 253 approximal sites and 

claimed a diagnostic improvement over bitewing radiography (Bab et al., 2000). 



CONCLUSIONS 
                                                    

The detection and assessment of caries lesions discussed in this 
project is only a part of the caries disease diagnosis process. For caries 
lesion detection and assessment, visual inspection aided by a ball-ended 
probe is an essential method and must be performed in all patients. The 
use of indices, such as the International Caries Detection and Assessment 
System (ICDAS), improves the performance of the method mainly in 
terms of sensitivity and reliability. Other methods can be used as adjuncts 
to visual inspection. New technologies have been developed and studied, 
but none has demonstrated significant benefits that justify use in daily 
clinical practice. Further studies must be conducted to improve 
conventional methods, mainly in the assessment of caries lesion activity 
also to find a new technology that permits a more objective assessment of 
caries lesion with better performance than conventional methods.  
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