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SOMMAIRE

La carie dentaire demeure une affection chronique répandue dans divers groupes de la 
population. Une détection au stade le plus précoce possible pourrait améliorer les soins 
aux patients, mais les techniques actuelles n’offrent pas une sensibilité et une spécificité 
suffisantes. Nous discutons ici de 2 nouvelles méthodes, la tomographie en cohérence 
optique (TCO) et la spectroscopie Raman polarisée (SRP), qui pourraient être utiles pour 
la détection précoce et le suivi des caries. 

La TCO donne des images en profondeur morphologique des structures tissulaires situées 
près de la surface, avec une résolution d’un ordre de grandeur supérieur à celle de l’ima-
gerie ultrasonique. En mesurant la lumière dans le proche infrarouge rétrodiffusée, la 
TCO montre que l’émail sain produit une rétrodiffusion de haute intensité à la surface 
de la dent, qui diminue toutefois rapidement à mesure que la profondeur augmente. À 
l’inverse, les caries débutantes causent une plus forte rétrodiffusion de la lumière à la 
surface de la dent et sous la surface, évocatrice d’une porosité due à la déminéralisation. 
De plus, une bonne corrélation a été établie entre la zone de diffusion à l’intérieur de 
l’émail et la forme triangulaire classique des lésions sous la surface, observées dans les 
coupes histologiques. L’imagerie par TCO permet non seulement de déceler les lésions 
débutantes, mais renseigne également sur l’intégrité de la surface et la profondeur de 
la lésion.

La SRP fournit pour sa part des données biochimiques sur la composition et la cristallinité 
de la dent et sur sa teneur en matières minérales. Ainsi, le rapport de dépolarisation, 
qui est établi à partir du pic dominant du phosphate de l’hydroxylapatite dans les dents 
saines, est toujours inférieur à celui des caries débutantes. Cette différence est attri-
buable aux variations dans la morphologie ou l’orientation des cristallites de l’émail, qui 
se produisent durant la déminéralisation par l’acide. La SRP peut donc être utilisée pour 
confirmer des lésions suspectes détectées par TCO et éliminer les faux positifs dus à des 
anomalies non carieuses.

L’association de la TCO et de la SRP offre une nouvelle méthode de détection de sensi-
bilité et spécificité élevées, qui améliorera la prise en charge de la carie et les soins aux 
patients. Les études se poursuivent en vue de mettre au point des sondes intra-buccales 
qui permettront de valider les résultats in vivo.

Dental caries is one of the most preva-
lent chronic diseases among children 
and adolescents in North America. At a 

symposium, “Designing dental programs for 
high-risk children,” held during the July 2008 
International and Canadian Association for  
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Dental Research conference in Toronto, common themes 
among speakers were (1) caries is preventable and (2) there is 
value in early caries detection and, thus, preventive approa-
ches. With strategies to control, arrest or reverse the disease 
process, the economic burden, pain and suffering of placing 
and replacing restorations can be reduced.

An example of a prevention effort that has resulted in de-
creased incidence and prevalence of caries is fluoridation of 
community drink-ing water. This method is endorsed by over  
90 national and international professional health organiza-
tions including Health Canada, the Canadian Public Health 
Association, the Canadian Dental Association, the Cana-
dian Medical Association and the World Health Organiza-
tion.1 In July 2008, Canada’s chief dental officer highlighted 
some of the benefits of f luoridation, caries prevention 
being the primary one.1 This public health measure has 
also reached such high caries risk groups as those with low 
socioeconomic status and the elderly, who are particularly 
susceptible to root caries.

Where prevention is not successful, early detection of 
caries before it reaches the stage of cavitation offers another 
opportunity for effective dental care. Early detection and 
diagnosis will allow dentists to counsel and assist patients 
to prevent the progression of caries and, thereby, avert the 
need for invasive, irreversible removal and restoration of 
tooth structure. 

Detecting early dental caries and monitoring the dy-
namic processes of demineralization and remineralization 
are challenging. Conventional diagnostic methods, such 
as visual observation and the use of a sharp explorer tool, 
rely on subjective clinical criteria: for example, colour, 
“softness” and resistance to removal. Routine dental radio-
graphs cannot detect early enamel white-spot lesions on any 
surface. Approximately 30%–40% mineral loss is necessary 
before an early enamel carious lesion is visible radiographi-
cally.2 It can take 9 months or longer before demineraliza-
tion appears radiographically.3

These deficiencies make it difficult to diagnose early 
approximal, smooth surface enamel lesions as well as 
occlusal caries. Accurate diagnosis of occlusal caries  
including assessment of lesion depth is particularly chal-
lenging due to the hypermineralized outer enamel surface 
(possibly as a result of fluoride treatment) that masks the 
underlying lesion. Conventional diagnostic techniques lack 
sufficient high sensitivity and specificity for early lesion 
detection and are not able to provide information on caries 
activity.

In recent years, various techniques have been explored 
to address the need for better detection tools to aid den-
tists in the diagnosis of early caries, and several of these 
methods have been developed into commercial products. 
The following is a list of various emerging techniques with 
corresponding commercially available or soon to be released 
devices in parentheses4–8: 

• direct digital radiography (various devices)
• dig ita l imaging f ibre-opt ic t ransi l luminat ion  

(DIFOTI, Electro-Optical Sciences, Irvington, N.Y.]
• electroconduct iv it y measurements (Electronic 

Caries Monitor, Lode Diagnostics, Groningen,  
The Netherlands)

• impedance spectroscopy (CarieScan, IDMoS, Dundee, 
Scotland)

• quantitative light-induced fluorescence (QLF, Inspektor 
Pro, OMNII Oral Pharmaceuticals, West Palm Beach, 
Fla.)

• laser fluorescence (DIAGNOdent devices, KaVo, Lake 
Zurich, Ill.; Midwest Caries I.D., Dentsply, York, Penn.)

• photothermal radiometric and modulated luminescence 
methods (Canary System, Quantum Dental Technolo-
gies, Toronto, Ont.)

• optical coherence tomography (OCT Dental Imaging 
System, Lantis Laser, Denville, N.J.)

• ultrasound
• near-infrared illumination
• Raman spectroscopy 
• terahertz imaging 

Despite their potential, some of these techniques and 
devices also suffer from subjectivity, with high intra- and 
inter-examiner variability; false-positive results due to 
stains, calculus or organic deposits; and unsuitability for 
detection of initial enamel caries at all tooth surfaces.9–17 
Furthermore, several of these tools do not allow longitu-
dinal monitoring of caries development or repair (i.e., caries 
activity) in terms of providing information about mineral 
loss or gain. For example, the DIAGNOdent device (KaVo) 
is based on fluorescence of bacterial porphyrins within 
lesions rather than mineral content. Thus, better, objective 
diagnostic tools with both high sensitivity and high speci-
ficity are still needed for early detection and monitoring of 
dental caries.

Shedding	New	Light
In this article, we do not review the various methods or 

products for caries detection, as these have been discussed 
comprehensively recently.5,17–22 Rather, our goal is to intro-
duce 2 optical methods that might be useful in the detection 
of early enamel caries and to provide an overview of our 
research in this direction. Our approach involves combining 
the technique of optical coherence tomography (OCT) with 
polarized Raman spectroscopy (PRS).

Optical	Coherence	Tomography
OCT is an imaging technology that is capable of pro-

viding high-resolution (10–30 µm) morphologic depth 
images. It is similar in operation to ultrasound imaging, 
but uses light waves rather than sound waves. This tech-
nique provides image resolution that is an order of ma-
gnitude higher than that obtained by ultrasound imaging. 
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Figure	1:	(a) Mesial surface of an extracted human premolar (tooth 15) with an incipient lesion. Dashed red lines indicate 
the regions scanned to produce images b and c. (b) OCT depth image from a sound enamel region. (c) OCT depth image 
from a region of the incipient lesion. Higher light back-scattering intensity occurs at the site of the lesion and also within 
the subsurface enamel. DEJ = dentinoenamel junction; a. u. = arbitrary units. 
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However, where ultrasound is well suited for imaging 
deep-tissue structures, such as a fetus within a pregnant 
mother, OCT can only image the first several millime-
tres of tissues (2–4 mm, depending on the wavelength of 
light used). Thus, OCT is better suited for imaging near- 
surface structures. 

The technique is based on coherent back-scattered light. 
A detailed description of the principles of OCT is beyond 
the scope of this article, but is available elsewhere.23,24 
Briefly, an OCT system contains a Michelson interferometer 
that splits a light beam into 2 paths, bouncing the beams off 
2 mirrors (1 fixed, 1 moving) then recombining the beams. 
The interference pattern created by the reflected beams 
generates a depth profile at a single point along the laser 
trajectory. This point is known as an A-scan. As the laser is 
moved across the surface laterally (dashed lines on Fig. 1a), 
adjacent A-scans are assembled to produce a 2-dimensional 
depth image, also known as a B-scan (Figs. 1b and 1c). 

OCT light is back-scattered by changes in refractive 
index as the light encounters different tissue types or 
structures (e.g., enamel vs. dentin, healthy vs. carious 
regions).23,24 The light source is a low coherent laser with 
a wavelength in the near-infrared region (850 nm or  
1310 nm), which is the region of the electromagnetic 

spectrum just beyond the visible red portion. At the 
sample, the power generated is very low, typically about 
750 µW using a 850 nm wavelength or 7 mW with a  
1310 nm wavelength system. Light in the near-infrared re-
gion is able to penetrate tissue better than light in the visible 
region of the spectrum and is non-damaging to human tis-
sues at these intensities. 

OCT is a powerful technique that is useful for exami-
ning tissues with multiple layers or demarcations. It has 
been used in medical imaging for the past 15 years. For 
example, clinical OCT systems are available in ophthalmo-
logic clinics, where they are used diagnostically to examine 
the thickness of tissue layers of the retina to detect defects 
arising from increased intraocular pressure associated with 
glaucoma.25 Only in the past decade has OCT been applied 
in dentistry to image soft and hard tissues of the oral cavity, 
with many studies still at the research stage6,26–30 and the 
technique not yet developed into commercially available 
dental devices.

To illustrate the kind of information obtained from 
OCT imaging, we present an example from our studies. 
Tooth samples were collected from consenting volunteers 
using protocols approved by the research ethics boards of 
the institutions involved in the studies. In the permanent 
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Figure	3:	Bar graphs of the mean Raman depolarization ratio 
of the 959 cm-1 phosphate peak of hydroxyapatite derived 
from sound enamel and carious enamel surfaces. A total 
of 47 (sound) and 27 (caries) PRS measurements from 23 
extracted teeth were used for statistical analyses (Student’s 
t-test, p < 0.001). Error bars show standard deviation.
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Figure	2: Light photomicrograph of a histologic section  
~100-µm thick that was cut from the region of the carious 
lesion of the tooth shown in Figure 1. Subsurface demineral-
ization is visible and the lesion depth is ~427 µm.

maxillary second premolar (tooth 15) shown (Fig. 1a), there 
is an obvious incipient carious lesion (white spot) on the 
mesial surface. The corresponding OCT images (Figs. 1b 
and 1c) reveal the morphology of the sample; the crown is 
oriented toward the right and the root toward the left of the 
image. From the depth images, the morphologic features of 
the crown enamel and underlying dentin as well as the tran-
sition from enamel to dentin at the dentinoenamel junction 
can be clearly identified. In this colour scheme, blues and 
greens represent low-intensity light back-scattering, while 
yellows and reds represent high-intensity back-scattering. 

An OCT depth scan of a sound enamel surface to-
ward the mesiolingual line angle is portrayed in Fig. 1b. 
OCT signal intensity is high at the air–enamel or air–root 
interface, with the signal dying out rapidly with depth into 
the tooth. On the other hand, the depth scan obtained from 
the area of carious lesion (Fig. 1c) shows greater signal 
intensity at the region of the lesion (notice red colour). In 
addition, higher back-scattering intensity continues beyond 
the surface into the enamel. Demineralization results in 
increased tooth porosity and, with more open spaces in the 
matrix, the scattered light is able to penetrate deeper into 
the enamel. The surface of the incipient lesion is still intact, 
with demineralization occurring subsurface. 

The light scattering below the surface forms a triangular 
pattern. This shape is characteristic of subsurface lesions 
and is supported by a corresponding photomicrograph of 
a histologic section of the tooth in the region of the caries 
(Fig. 2). The histologic section was obtained by cutting the 
extracted tooth whereas OCT images are obtained non-
destructively from intact teeth. The depth of this lesion 
was measured to be ~427 µm on the histologic section and  
~507 µm using OCT image analysis. Although not exact, 
these values are within range of one another, demonstrating 
the potential of OCT imaging. 

On the JCDA website, there is a link to a video clip de-
monstrating a series of sequential OCT scans taken across 
a tooth surface (www.cda-adc.ca/jcda/vol-74/issue-10/XXX.
html).

Polarized Raman Spectroscopy
OCT imaging in regions of hypocalcification can some-

times show increased light back-scattering at the surface, 
which could be misinterpreted as signs of early caries. To 
help rule out such false-positive readings and increase the 
specificity of our method, we couple OCT with PRS to ob-
tain biochemical information for confirmation of caries. 
PRS provides details on the molecular composition (e.g., 
collagen in dentin vs. predominantly inorganic apatite in 
enamel) and molecular structure of cells and tissues. 

Like OCT, PRS measures light scattering. Although most 
scattered photons have the same energy and wavelength as 
the incoming excitation light, about 1 in 107 photons scat-
ters at an energy different from that of the incoming light.  
This energy difference is proportional to the vibrational 

energy of the scattered molecules within the sample and is 
known as the Raman effect. As with other emerging optical 
methods, the properties of the scattered light within sound 
or porous carious regions are being explored to determine 
their use in caries detection.

In fluorescence-based techniques, there are a limited 
number of intrinsic fluorophores that can provide dia-
gnostic information without the addition of external dyes. 
In contrast, PRS can provide information not only about 
bacterial porphyrins leached into carious regions, but 
also about the primary mineral matrix and, thus, the 
state of demineralization or remineralization of the tooth. 
This information is gathered without the need to add ex-
trinsic dyes or agents. PRS provides information on the  
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composition, crystallinity and orientation of the mineral 
matrix, all of which are affected in caries formation or 
remineralization. 

Our studies focus on the phosphate peak from carbonated 
hydroxyapatite (the main component of dental hard tissues) 
and how its biochemical signature is affected by deminera-
lization and remineralization. We have derived a quantita-
tive parameter known as the depolarization ratio to follow  
such changes.31 This ratio is determined by calculating the  
intensity of the main phosphate peak from parallel- and cross-
polarized Raman spectroscopic measurements, then dividing 
the cross-polarized value by the parallel-polarized value. 
In an ex vivo study based on 23 extracted teeth with 47  
and 27 PRS measurements on sound and carious enamel,  
respectively, we could readily distinguish sound enamel  
from carious enamel achieving a sensitivity of 100% and a  
specificity of 98%.32 Using Student’s t-test, the differences 
in the means of the 2 groups were statistically significant at  
p < 0.001 (Fig. 3).

Future	Directions
As dentists are accustomed to using dental radiographs 

for diagnostic purposes, OCT imaging, which shows si-
milar dental morphology, could be readily adopted. Inci-
pient lesions are visible on OCT images, with information  
available regarding lesion location, lesion depth (including 
proximity to the dentinoenamel junction) and surface  
characteristics (intact, cavitated or change in contour). 
Surface defects, such as cracks and fissures, should 
also be detectable by OCT. With PRS, it is possible to 
confirm that suspicious carious sites are indeed areas of 
demineralization. 

Preliminary studies have also shown that both OCT  
and PRS can be used to follow demineralization and  
remineralization longitudinally using quantitative para-
meters.33,34 Studies are currently underway to examine 
the effects of possible confounding factors such as stain, 
calculus, hypocalcification and fluorosis on our optical 
measurements.35–37 Our next step is to validate the techno-
logy further using gold-standard methods, such as histo-
logy and transverse microradiography. In addition, we are  
developing an intraoral probe to validate the technology 
in vivo for early caries detection and monitoring. These 
validation studies are essential to determine the clinical 
utility of the technology before implementation in clinical 
practice. 

Both OCT and PRS involve non-ionizing radiation and, 
therefore, can be used routinely to screen for early lesions, to 
monitor the caries process, to assess the success of remine-
ralization treatments and to educate and motivate patients. 
Frequent use of OCT–PRS to collect data from carious sites 
longitudinally would provide insight into caries activity.  
A tool with both high sensitivity and high specificity will be 
a useful adjunct to assist dentists in their decision-making 
and treatment planning processes. a
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