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A B S TRACT   
Dental caries is one of the most common diseases in the world, and global incidence rates are increasing. The early de-
tection of dental lesions enables a conservative approach to be employed and represents a priority in modern dentistry. 
Recent studies have suggested that conventional diagnostic methods, such as visual tactile inspection and X-ray examina-
tion, exhibit low sensitivity and are not very effective in early diagnoses. Consequently, late detection of decay is associ-
ated with an increased loss of tooth structure. New diagnostic systems based on optical properties have been developed 
to facilitate early detection. Several studies have evaluated the performance of near-infrared imaging (NIRI) as an early 
diagnostic tool. NIRI using light ranging from 700 to 1700 nm has demonstrated better optical properties compared to 
conventional optical systems using light in the visible spectra. NIRI enables deeper penetration of the light in the tooth 
tissue, weak scattering with lower background noise and strong photon absorption with detailed images. Several in-vivo 
studies have demonstrated that NIRI technology has the potential to improve performance compared with current diag-
nostic methods. NIRI exhibits increased sensitivity compared to radiographs and is more suitable to identify approximal 
enamel lesions. This paper aimed to review these recent advances and their potential applications in daily clinical practice.
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Untreated dental caries is the most common 
health condition in the world and global 

incidence rates are increasing.1 Tooth decay is 
the predominant chronic disease among persons 
aged 6-19 years. In recent decades, improved 
dental hygiene and the widespread use of fluo-
ride have led to important changes in caries fea-
tures with the identification of more concealed 
lesions and “hidden” caries, prompting the need 
for earlier detection.2

The power of diagnostic tests is typically con-
sidered in terms of sensibility and specificity. 
Test sensitivity is the ability of the test to identify 
the disease, whereas test specificity is the ability 
to identify patients without the disease.

Traditionally, teeth are examined by means of 
clinical evaluation supported by radiograph ex-
amination. With the aid of a probe and a dental 
mirror, the visual tactile method is the first step in 
detecting the presence or absence of caries lesion. 
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such as fiber-optic transillumination (FOTI), 
digital imaging fiber-optic transillumination 
(DIFOTI) and near-infrared imaging (NIRI), 
have been developed with the purpose of detect-
ing the initial enamel changes in caries.7 Caries 
disease causes increased porosity that induces a 
modification in the optical properties of the af-
fected dental tissue.8

NIRI is an evolution of the DIFOTI method 
that uses visible light (400-700 nm) and sub-
sequently resulted in the development of the 
FOTI method. FOTI, which uses wavelengths in 
the visible range, is based on the principle that 
transillumination of areas with disrupted enamel 
crystals in demineralized tooth tissues results in 
dark shadows due to changes in the light scat-
tering and absorption of light photons.9 DIFOTI 
is based on the same optical principle as FOTI. 
DIFOTI uses visible light (450-700 nm) to trans-
illuminate the tooth along with a charge-coupled 
device (CCD) camera, and it can capture real-
time images from the occlusal or buccal and lin-
gual surfaces. DIFOTI offers several advantages 
over bitewing radiography, especially with re-
gard to elimination of exposure to ionizing radia-
tions associated with bitewing radiography, real-
time images, reduced patient discomfort as no 
intraoral films or sensors are used and increased 
sensitivity compared with radiography for early 

However, this method exhibits minimal sensitiv-
ity, especially for early lesions of the proximal 
tooth surface that are difficult to inspect visually, 
and it might cause irreversible tooth damage.3 
To help locate and evaluate lesion depth, intra-
oral radiography is the most common adjunct 
diagnostic method. The main disadvantages of 
bidimensional X-ray include patient exposure to 
radiation and the underestimation of the size and 
actual depth of the lesion. Specifically, 30-40% 
of the enamel has to be demineralized before the 
lesion is viewable by X-ray examination.4 In fact, 
intraoral periapical and bitewings images are 2D 
images of 3D structures. Thus, the exclusive use 
of conventional diagnostic methods is associated 
with a high risk to miss lesion detection. In ad-
dition, if caries lesions are detected early, non-
invasive treatment can be implemented (Figure 
1). The main criterion for making operative deci-
sions is lesion progression into the dentin. One of 
the most used classifications of caries proposed 
by Anusavice and Benn is based on lesion depth: 
E1 is a lesion that extends to the outer half of 
enamel, E2 is a lesion that extends to the inner 
half of enamel, D1 is a lesion that extends to the 
outer third of dentin, D2 is a lesion that extends 
to the middle third of dentin and D3 is a lesion 
that extends to the inner third of dentin.5, 6

Several methods based on optical principles, 

Figure 1.—A) Pre-operative bite-wing radiograph showing initial interproximal carious lesions distally to teeth 34 and 35; 
B) tooth 34 was treated with a minimally invasive resin infiltration technique; C) postoperative radiograph showing the direct 
restoration on tooth 35 and the appearance of the lesion after infiltration with an unfilled radiotrasparent resin. D) 1-year; and 
E) 2-years; F) control radiographs showing the arrest of the lesion on tooth 34 and the 2-years clinical image.
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a limit of wavelengths in the visible range (400 
to 700 nm).13 Enamel lesions appear whiter than 
the surrounding healthy tissue as an effect of the 
increased scattering of light within the lesion.17 
Technologies measuring lesion severity are based 
on variation in scattering between sound and cari-
ous enamel. The progressive dissolution of the 
mineral crystals during the decay process pro-
duces micropores that likely are scattering centers 
and strongly scatter light. At 1310 nm, the scat-
tering coefficient is increased more than two or-
ders of magnitude in demineralized tissue and is 
highly forward directed.18 The predominant cause 
of scattering is dentinal tubules.19 The scattering 
properties of enamel and dentin in the NIR range 
were first outlined by Fried et al. in 1995.20 NIR 
light penetrates more transparent enamel and is 
strongly scattered by lesions in enamel and dentin 
(Figure 2). The use of longer wavelengths, such as 
wavelengths in the NIR spectra (780 to 1550 nm), 
the results in improved optical properties with a 
deeper penetration of the light in the tissue and a 
weak scattering. Enamel is highly transparent in 
the NIR range.12, 15, 20-22 Therefore, this region of 
the electromagnetic spectrum is advantageous to 
the development of new optical diagnostic tools 
based on transillumination.

Absorption

Absorption is the process in which incident pho-
tons are stopped by an object, and the wave ener-
gy is absorbed by the object’s molecules. For ex-
ample, water is a strong absorber of infrared light. 
The energy lost is mainly converted into heat or 

caries detection.10 However, DIFOTI has the 
limit of background noise of dental hard tissue 
produced by light scattering. Zijpand and Bosch 
demonstrated light scattering is high in the vis-
ible range.11 Therefore, as a result of strong light 
scattering, wavelengths in the visible range are 
inefficient in imaging through greater than 1 mm 
or 2 mm of tooth structures.12

This paper aimed to review recent advances 
of NIRI and their potential application in daily 
clinical practice and compare it with other diag-
nostic tools.

Optical properties of dental hard tissue 
in the visible and near-infrared light

Basic knowledge of optical and physic proper-
ties of NIR light propagating through sound and 
carious dental hard tissues is essential for the de-
velopment of optical diagnostic systems because 
they are based on changes in the optical proper-
ties of demineralized tissues.12 Optical diagnostic 
systems are based on observations of the interac-
tion between light and hard tissues of the tooth 
and observations of energy in the form of a wave 
in the electromagnetic spectrum emitted from the 
tooth.13 Through the illumination and the capture 
of images of the tooth structures penetrated by 
nonionizing light ranging from 700 to 1700 nm, 
NIRI has the potential for improved performance 
compared with current methods used to detect 
caries.14 Physical principles underlying optical 
caries detection are scattering and absorption. 
Dental hard-tissue optics is complex given the 
inhomogeneous and anisotropic nature of these 
biological components.15 Anisotropic scattering 
distributions depend on tissue orientation rela-
tive to the irradiating light source in addition to 
the polarization of the incident light.11, 16

Scattering

Scattering is the process in which the direction of 
a photon is deviated without loss of energy. The 
interaction with particles or objects in the medium 
through which the light passes forces the incident 
light to change its path. Scattering is highly con-
ditioned by the wavelength of the electromagnetic 
spectra. Shorter wavelengths scatter much more 
than longer wavelengths; therefore, scattering is 

Figure 2.—A) Scan of an upper arch using an intra-oral 
scanner with NIRI function; B) showing a brighter area me-
sially to the left second premolar that clearly indicates the 
presence of an interproximal carious lesion. C) The color 
image of the same area in B obtained by the same scan.
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In an in-vitro study, Lee et al. investigated 
whether a correlation between the rate of water 
loss and the degree of demineralization existed 
and whether that rate could be measured by NIR 
imaging. Changes in the rate of water loss can be 
related to changes in lesion structure because the 
enamel is composed of 96% hydroxyapatite and 
up to 3% water by weight. Demineralized enam-
el loses its mineral content, and the pores are oc-
cupied by mobile water. However, in remineral-
ized lesions, the highly mineralized surface layer 
decreases permeability, inhibiting free diffusion 
of water from the lesion body to the other sur-
face. This study demonstrated that NIR imaging 
was suitable for the detection of remineralization 
in simulated caries lesions, and NIR wavelengths 
longer than 1400 nm are well suited for the as-
sessment of remineralization.24

Influence of stains and 
pigmentation on lesion contrast

In the visible wavelengths, it is not easy to di-
agnose decays because tooth staining in the pits 
and fissures can confound diagnosis by mask-
ing demineralization. In NIR images, stains are 
not visible, and demineralized areas are more 
opaque than the sound enamel.21 The organic 
molecules responsible for pigmentation absorb 
poorly in the NIR, making it easier to identify 
areas of demineralization and improving speci-
ficity with diagnostic tools employing NIR light. 
Therefore, contrary to visible wavelengths, in 
the NIR range, stains can be easily differentiated 
from demineralization.25 Almaz et al. and Ng et 
al. performed a study that suggested that stains 
interfere significantly with the lesion contrast 
at wavelengths shorter than 1150 nm; in wave-
lengths ranging from 1200-1600 nm, imaging is 
not significantly influenced by the presence of 
stain in the pits and fissures.26, 27

NIRI of fluorosis

In recent years, the increasing use of fluoride has 
led to a reduction of the prevalence of caries and 
to a growing prevalence of fluorosis. Fluorosis is 
the hypomineralization of enamel and is charac-
terized by greater surface and subsurface porosi-

into another wave at a longer wavelength and 
less energy through the process of fluorescence. 
Fluorescence is the result of the interaction of the 
light illuminating the object and the molecules in 
this object. The molecules absorb the energy with 
subsequent electronic transition to the next elec-
tronic state, where the electrons remain for a short 
period of time. From here, the electrons may fall 
back to the ground state and release the gained 
energy in the form of fluorescence light of a lon-
ger wavelength and color related to the energy 
given off; thus, fluorescent light can be emitted.8

The desirable optical tissue properties for us-
ing NIRI technology are weak scattering and 
strong absorption.20

Hydration of the tooth

The state of hydration of the tooth influences le-
sion contrast.23, 24 According to the absorption 
coefficient of water, the NIR wave region can 
be divided into two categories: minimal water 
absorption (from 800 to 1350 nm) and greater 
water absorption (at 1460 nm and wavelengths 
longer than 1500 nm).

Chung et al.23 performed two studies to deter-
mine which NIR wavelengths provide the high-
est contrast of demineralization of caries lesions. 
Increasing water absorption appeared to decrease 
the contrast for transillumination of proximal sur-
faces. They found that transillumination at 1300 
nm provided the highest contrast for interproxi-
mal lesions. In contrast, for imaging occlusal le-
sions, the contrast was improved using a 1400-
nm longpass filter compared with both the 1300-
nm bandpass and 1300-nm longpass filters. The 
mechanisms of increased contrast were not under-
stood; however, one possible explanation could 
be a marked decrease in the scattering of dentin.23 
Water absorption is high between 1400 and 1500 
nm and decreases over 1500 nm. Loss of mobile 
water that is concentrated at the prism boundar-
ies markedly reduced the transparency of the 
enamel at all NIR wavelengths in occlusal transil-
lumination. Mobile water leaves pores that act as 
scattering sites. Furthermore, wavelengths with 
increased water absorption are also likely more 
powerful for transillumination around composite 
restorations that have lower water content.23
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lesions adjacent to composite restorations, NIRI 
exhibits sensitivity close to that of radiographic 
examination and increased specificity. Its overall 
accuracy is similar to radiographic examination 
and greater than visual-tactile method accuracy.37

In-vivo studies

Some in-vivo studies have been conducted in re-
cent years to compare NIRI with other diagnostic 
tools for diagnosis of occlusal and interproximal 
dental decays, as listed in Supplementary Digital 
Material 1: Supplementary Table I.

The in-vivo and in-vitro comparison of visual 
inspection, laser fluorescence (DIAGNOdent 
pen) and the NIR transillumination technique 
(DIAGNOcam) in detection of occlusal non-cav-
itated lesions has revealed NIRI to be the most 
effective method for the diagnosis of occlusal 
caries without cavitation and the most closely 
correlated to histological results compared with 
visual inspection and laser fluorescence.38

On interproximal surfaces, NIR light exhibits 
significantly increased sensitivity compared with 
radiographic examination, whereas radiographic 

ty of enamel.28 According to Hirasuna et al., NIR 
methods can potentially evaluate the severity and 
extent of enamel defects since the increased sur-
face porosity of developmental defects causes in-
creased light scattering and increased attenuation 
in the NIR light. Developmental defects appear 
differently in NIR images compared with caries 
lesions due to the location and milder severity of 
demineralization of developmental defects.29

Correlation between lesion 
severity and NIRI contrast

Hirasuna et al. suggested that it is possible to es-
timate the severity of lesions by analyzing imag-
ing in NIR wavelengths.29

When the lesion extends into the dentin, the 
amount of water increases. The effect is aug-
mented light scattering due to the porous struc-
ture of the lesion; these physical effects can be 
used as a system to estimate the extension of 
tooth decay. NIRI diagnostic tools can poten-
tially improve and simplify the decision-making 
process and treatment planning, reducing unnec-
essary invasive procedures.30

Lee et al. performed a study to determine wheth-
er the lesion contrast acquired in NIRI modes can 
be used to estimate the severity of occlusal caries 
lesions. The authors found a correlation between le-
sion contrast and lesion depth. For example, lesion 
contrast of D2 lesions is significantly increased 
compared with D1 lesions.31 Hence, increasing le-
sion contrast in NIR images corresponds with in-
creasing lesion depth and severity.32-34

NIRI of composite restorations

The dissimilar contrast between sound enamel 
and composites suggests that NIRI may be used 
to rapidly screen secondary caries.35 The reduced 
water content of the composite versus the periph-
eral sound enamel and dentin allows the compos-
ite to be visible with significantly higher contrast 
at 1460 and 1550 nm. Indeed, the contrast be-
tween sound enamel and composite materials in-
creased with wavelength; the contrast is higher at 
1550 nm compared with 1460 nm.36

Comparing the NIR light transillumination and 
the radiographic evaluation of proximal carious 

Figure 3.—A) Pre-operative bite-wing radiograph in which 
no carious lesions could be detected. B) 1-year control ra-
diograph after resin infiltration treatment to arrest caries 
showing no progression of the lesion. C) NIRI image of the 
lower teeth of the radiograph obtained from a scan using an 
intra-oral scanner with the NIRI function, showing an initial 
enamel carious lesion on the mesial surface of the left second 
lower premolar that could not be detected radiographically.
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al. revealed that radiographic examination is bet-
ter than near infrared transillumination (NIRT) in 
terms of sensitivity for interproximal caries, and 
NIRT is significantly better than radiographic ex-
amination in terms of specificity. However, NIRT 
exhibited sensitivity similar to radiographic ex-
amination when only enamel caries were evalu-
ated, and the method likely reduces false positive 
diagnoses of enamel carious lesions registered 
using radiographic examination.43

Other studies have found no differences be-
tween NIRI and other diagnostic systems in de-
tection of interproximal dental caries, but NIRI 
demonstrated the advantage of not requiring ion-
izing radiation.44, 45

A study by Błażejewska et al. comparing NIRI 
(DIAGNOcam™, KaVo Dental GmbH; Biberach 
an der Riß, Germany) and bitewing radiovisiog-
raphy revealed better sensitivity and specificity 
for the radiovisiography but without statistically 
significant differences. However, NIR light can 
motivate the patient’s interest in oral health and 

examination exhibits increased specificity. The 
higher sensitivity of NIR light renders it a more 
accurate method as an aid to conventional tools 
without the hazards of ionizing radiation, espe-
cially for early decay that is not visible in radio-
graphic examination (Figure 3).39

In detection of approximal dentinal caries, 
NIRI exhibited sensitivity similar to that of ra-
diographic examination but increased correlation 
with the gold standard (opening of the approxi-
mal surface using a diamond-bar).40 Simon et 
al. demonstrated that NIRI is significantly more 
sensitive than digital radiographic examination 
for the detection of lesions on both occlusal and 
proximal surfaces but with lower specificity.35

Several studies have stressed the different di-
agnostic power for dentin and enamel lesions. A 
similar agreement between NIRI and bitewings 
has been reported for dentin lesion, whereas 
transillumination was more suitable than bite-
wings to identify approximal lesions in enam-
el.41, 42 An in-vivo study performed by Russotto et 

Table I.—��Summary of in-vitro studies comparing different diagnostic methods.

Author Reference Sample 
size

Diagnostic methods 
compared

Sensitivity/
Specificity Outcomes Validation criteria Wavelenght

Marinova-
Takorova 
et al.49

J of IMAB 2014 60 
teeth

Near-IR 
imaging, laser 
fluorescence, 
visual-tactile 
method, dye 
staining method 
and radiographic 
examination

/ Near-IR imaging 
was the 
diagnostic 
system better 
correlated with 
the visual-
tactile method

/ 780 nm

Litzenburger 
et al.50

Dentomaxillofac 
Radiol 2018

100 
pairs of 
images

Near-IR imaging 
and bitewing 
radiography

/ Near-IR imaging 
was more 
reliable than 
bitewing 
radiography

Reference diagnosis 
of two experienced 
dentists

/

Elhennawy 
et al.37

J Dent 2018 200 
teeth

Near-IR imaging, 
visual-tactile 
method and 
radiographic 
evaluation

0.63/0.95 
for any 
lesions,

0.69/0.94 
for 
cavitated 
lesions

Near-IR seemed 
useful for 
detecting 
approximal 
caries lesions 
adjacent to 
restorations

Transverse 
microradiography 
and visual 
assessment

780 nm

Maia et al.51 Dentomaxillofacial 
Radiol 2011

14 
teeth

Near-IR imaging 
and bitewing 
radiographs

0.88/0.72 Near-IR imaging 
showed 
reliability 
and better 
diagnostic 
power than 
radiographs for 
enamel caries

Stereomicroscope 
images

1.28 µm
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Conclusions

Research on optical diagnostic systems has ad-
vanced rapidly over the past several years. Early 
diagnosis is essential for a conservative thera-
peutic approach, which is a priority in modern 
dentistry. Dental radiography presents some lim-
its, such as exposure to radiation and inability to 
diagnose of dental decay early. NIRI has no side 
effects, does not require any ionizing radiation 
and demonstrates an estimated increased sensi-
tivity. Furthermore, NIRI could be used in ev-
eryday clinical practice to monitor early enamel 
decay, allowing noninvasive therapy.

References

1.  Bagramian RA, Garcia-Godoy F, Volpe AR. The global 
increase in dental caries. A pending public health crisis. Am J 
Dent 2009;22:3–8.
2.  Weerheijm KL, Gruythuysen RJ, van Amerongen 
WE. Prevalence of hidden caries. ASDC J Dent Child 
1992;59:408–12.
3.  Neuhaus KW, Ellwood R, Lussi A, Pitts NB. Traditional 
lesion detection aids. Monogr Oral Sci 2009;21:42–51. 
4.  Wenzel A. Radiographic display of carious lesions and 
cavitation in approximal surfaces: advantages and drawbacks 
of conventional and advanced modalities. Acta Odontol Scand 
2014;72:251–64. 
5.  Anusavicel KJ, Benn DK. Is it time to change state and re-
gional dental licensure board exams in response to evidence 
from caries research? Crit Rev Oral Biol Med 2001;69:538–54.
6.  Anusavice KJ. Present and future approaches for the con-
trol of caries. J Dent Educ 2005;69:538–54. 
7.  Pretty IA. Caries detection and diagnosis: novel technolo-
gies. J Dent 2006;34:727–39. 
8.  Karlsson L. Caries Detection Methods Based on Changes 
in Optical Properties between Healthy and Carious Tissue. Int 
J Dent 2010;2010:270729. 
9.  Friedman J, Marcus MI. Transillumination of the oral cav-
ity with use of fiber optics. J Am Dent Assoc 1970;80:801–9. 
10.  Young DA, Featherstone JD. Digital imaging fiber-optic 
trans-illumination, F-speed radiographic film and depth of ap-
proximal lesions. J Am Dent Assoc 2005;136:1682–7. 
11.  Zijp JR, Bosch JJ. Theoretical model for the scattering of 
light by dentin and comparison with measurements. Appl Opt 
1993;32:411–5. 
12.  Darling CL, Fried D. Optical properties of natural caries 
lesions in dental enamel at 1310 nm. SPIE; 2005 [Internet]. 
Available from: https://www.spiedigitallibrary.org/confer-
ence-proceedings-of-spie/5687/0000/Optical-properties-of-
natural-caries-lesions-in-dental-enamel-at/10.1117/12.604554.
short?SSO=1 [cited 2021, May 19].
13.  Hall A, Girkin JM. A review of potential new diagnos-
tic modalities for caries lesions. J Dent Res 2004;83 Spec No 
C:C89–94. 
14.  Jones RS, Fried D. Attenuation of 1310- and 1550-nm laser 
light through sound dental enamel. SPIE; 2002 [Internet]. Available 

can be used in cases with precautions for radio-
logical examination.46

The NIR system has also the potential to iden-
tify fractures and cracks without the use of ion-
izing radiation, and the excellent detail of images 
compared with conventional radiographs poten-
tially provide increased diagnostic power.47 NIR 
transillumination at 1300 nm has the potential to 
detect cracks and fractures due to the high trans-
parency of enamel. The interference of cracks 
and fractures with light propagation aids in crack 
identification and in gauging of their depth and 
severity.48

In-vitro studies

In-vitro studies comparing the effectiveness of 
NIRI, laser fluorescence, visual-tactile method, 
dye staining method and radiographic examina-
tion have demonstrated that NIRI exhibits the 
highest diagnostic power (Table I).37, 49-51

For occlusal dental caries, the dye staining 
method has been the least sensitive method, 
followed by the radiographic examination. The 
results obtained by NIRI and laser fluorescence 
have been similar, but NIRI has been better cor-
related with the visual-tactile method.49 NIRT 
has been significantly more reliable than bite-
wing radiography likely because interproximal 
enamel decays exhibit unambiguous character-
istics in NIR images.50 NIRI demonstrated bet-
ter sensitivity and specificity compared to radio-
graphs of interproximal surfaces.51, 52 In contrast, 
in a study by Elhennawy et al., NIRI exhibited 
sensitivity similar to that of radiographic ex-
amination and increased specificity in detecting 
proximal carious lesions adjacent to composite 
restorations. Its overall accuracy is similar to ra-
diographic examination and increased compared 
with visual-tactile method accuracy.37

Limitations of the study

In-vitro studies have also demonstrated some 
limits of NIRI technology. The lesion extent is 
determined with difficulty when assessing le-
sions adjacent to restorations, especially those 
that extend into dentin. Thus, the method is lim-
ited in assessing the proximity of lesions to the 
pulp52 and is not able to gauge the pulp outline.45



NEAR-INFRARED IMAGING AS DIAGNOSTIC TOOL	VANELLA

Vol. 70 - No. 5	 Minerva Dental and Oral Science	 221

tral imaging of teeth for dental caries detection. J Biomed Opt 
2009;14:064047. 
31.  Lee D, Fried D, Darling CL. Near-IR Multi-modal Imag-
ing of Natural Occlusal Lesions. SPIE; 2009. Available from: 
https://www.spiedigitallibrary.org/conference-proceedings-of-
spie/7162/71620X/Near-IR-multi-modal-imaging-of-natural-
occlusal-lesions/10.1117/12.816866.short [cited 2021, May 19].
32.  Fried D, Staninec M, Darling CL, Lee C, Kang H, Chan KH. 
In vivo near-IR imaging of occlusal lesions at 1310 nm. SPIE; 
2011. Available from: https://www.spiedigitallibrary.org/
conference-proceedings-of-spie/7884/78840B/In-vivo-near-
IR-imaging-of-occlusal-lesions-at-1310/10.1117/12.878888.
short [cited 2021, May 19].
33.  Lee C, Darling CL, Fried D. In vitro near-infrared imaging 
of occlusal dental caries using a germanium-enhanced CMOS 
camera. SPIE; 2010 [Internet]. Available from: https://www.
spiedigitallibrary.org/conference-proceedings-of-spie/7549/1/
In-vitro-near-infrared-imaging-of-occlusal-dental-caries-us-
ing/10.1117/12.849338.short [cited 2021, May 19].
34.  Lee C, Lee D, Darling CL, Fried D. Nondestructive as-
sessment of the severity of occlusal caries lesions with near-
infrared imaging at 1310 nm. J Biomed Opt 2010;15:047011. 
35.  Simon JC, A Lucas S, Lee RC, Darling CL, Staninec M, 
Vaderhobli R, et al. Near-infrared imaging of secondary car-
ies lesions around composite restorations at wavelengths from 
1300-1700-nm. Dent Mater 2016;32:587–95. 
36.  Logan CM, Co KU, Fried WA. Multispectral near-infra-
red imaging of composite restorations in extracted teeth. OSA 
Publishing; 2014. Available from: https://www.osapublishing.
org/boe/fulltext.cfm?uri=boe-2-10-2804&id=222530 [cited 
2021, May 19].
37.  Elhennawy K, Askar H, Jost-Brinkmann PG, Reda S, Al-
Abdi A, Paris S, et al. In vitro performance of the DIAGNO-
cam for detecting proximal carious lesions adjacent to com-
posite restorations. J Dent 2018;72:39–43. 
38.  Tassoker M, Ozcan S, Karabekiroglu S. Occlusal Caries 
Detection and Diagnosis Using Visual ICDAS Criteria, Laser 
Fluorescence Measurements, and Near-Infrared Light Transil-
lumination Images. Med Princ Pract 2020;29:25–31. 
39.  Alamoudi NM, Khan JA, El-Ashiry EA, Felemban OM, 
Bagher SM, Al-Tuwirqi AA. Accuracy of the DIAGNOcam 
and bitewing radiographs in the diagnosis of cavitated proxi-
mal carious lesions in primary molars. Niger J Clin Pract 
2019;22:1576–82. 
40.  Melo M, Pascual A, Camps I, Ata-Ali F, Ata-Ali J. Com-
bined Near-Infrarred Light Transillumination and Direct Digi-
tal Radiography Increases Diagnostic In Approximal Caries. 
Sci Rep 2019;9:14224. 
41.  Abdelaziz M, Krejci I, Perneger T, Feilzer A, Vazquez L. 
Near infrared transillumination compared with radiography to 
detect and monitor proximal caries: A clinical retrospective 
study. J Dent 2018;70:40–5. 
42.  Lara-Capi C, Cagetti MG, Lingström P, Lai G, Cocco F, 
Simark-Mattsson C, et al. Digital transillumination in caries 
detection versus radiographic and clinical methods: an in-vivo 
study. Dentomaxillofac Radiol 2017;46:20160417. 
43.  Russotto F, Tirone F, Salzano S, Borga FC. Clinical eval-
uation of near-infrared light transillumination (NIRT) as an 
interproximal caries detection tool in a large sample of pa-
tients in a private practice. J Radiol Imaging. 2016;1:1–5. 
44.  Baltacioglu IH, Orhan K. Comparison of diagnostic 
methods for early interproximal caries detection with near-
infrared light transillumination: an in vivo study. BMC Oral 
Health 2017;17:130. 
45.  Kühnisch J, Söchtig F, Pitchika V, Laubender R, Neuhaus 
KW, Lussi A, et al. In vivo validation of near-infrared light 

from: https://www.spiedigitallibrary.org/conference-proceed-
ings-of-spie/4610/0000/Attenuation-of-1310--and-1550-nm-
laser-light-through/10.1117/12.469324.short#:~:text=The%20
objective%20of%20this%20study,%2Dnm%20and%20
1550%2Dnm.&text=Beer%2DLambert%20plots%20
show%20that,and%201550%2Dnm%2C%20respectively [cit-
ed 2021, May 19].
15.  Darling CL, Huynh GD, Fried D. Light scattering proper-
ties of natural and artificially demineralized dental enamel at 
1310 nm. J Biomed Opt 2006;11:34023. 
16.  Theuns HM, Shellis RP, Groeneveld A, van Dijk JW, 
Poole DF. Relationships between birefringence and min-
eral content in artificial caries lesions of enamel. Caries Res 
1993;27:9–14. 
17.  Angmar-Månsson B, ten Bosch JJ. Advances in meth-
ods for diagnosing coronal caries—a review. Adv Dent Res 
1993;7:70–9. 
18.  Huynh GD, Darling CL, Fried D. Changes in the optical 
properties of dental enamel at 1310 nm after demineralization. 
SPIE; 2004 [Internet]. Available from: https://www.spiedigi-
tallibrary.org/conference-proceedings-of-spie/5313/0000/
Changes-in-the-optical-properties-of-dental-enamel-
at-1310/10.1117/12.539290.short [cited 2021, May 19].
19.  Vaarkamp J, ten Bosch JJ, Verdonschot EH. Propagation 
of light through human dental enamel and dentine. Caries Res 
1995;29:8–13. 
20.  Fried D, Glena RE, Featherstone JD, Seka W. Nature 
of light scattering in dental enamel and dentin at visible and 
near-infrared wavelengths. Appl Opt 1995;34:1278–85. 
21.  Fried D, Bühler CM, Ngaotheppitak P, Darling CL. 
Near-IR imaging of interproximal lesions from occlusal 
surfaces and the influence of stains and plaque. SPIE; 2006 
[Internet]. Available from: https://www.spiedigitallibrary.
org/conference-proceedings-of-spie/6137/61370N/Near-IR-
imaging-of-interproximal-lesions-from-occlusal-surfaces-
and/10.1117/12.661801.short [cited 2021, May 19].
22.  Wu J, Fried D. High contrast near-infrared polar-
ized reflectance images of demineralization on tooth buc-
cal and occlusal surfaces at λ = 1310-nm. Lasers Surg Med 
2009;41:208–13. 
23.  Chung S, Fried D, Staninec M, Darling CL. Near infrared 
imaging of teeth at wavelengths between 1200 and 1600 nm. 
NCBI; 2011 [Internet]. Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC3293471/ [cited 2021, May 19].
24.  Lee RC, Darling CL, Fried D. Assessment of reminer-
alization via measurement of dehydration rates with thermal 
and near-IR reflectance imaging. J Dent 2015;43:1032–42. 
25.  Bühler C, Ngaotheppitak P, Fried D. Imaging of occlusal 
dental caries (decay) with near-IR light at 1310-nm. Opt Ex-
press 2005;13:573–82. 
26.  Almaz EC, Simon JC, Fried D, Darling CL. Influence 
of stains on lesion contrast in the pits and fissures of tooth 
occlusal surfaces from 800-1600-nm. SPIE; 2016 [Internet]. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4793930/ [cited 2021, May 19].
27.  Ng C, Almaz E, Simon J, Fried D, Darling C. Near-in-
frared imaging of demineralization on the occlusal surfaces 
of teeth without the interference of stains. J Biomed Opt 
2019;24:1–8. 
28.  Fejerskov O, Manji F, Baelum V. The nature and mecha-
nisms of dental fluorosis in man. J Dent Res 1990:692-721.
29.  Hirasuna K, Fried D, Darling CL. Near-infrared imag-
ing of developmental defects in dental enamel. J Biomed Opt 
2008;13:044011. 
30.  Zakian C, Pretty I, Ellwood R. Near-infrared hyperspec-



VANELLA 	  NEAR-INFRARED IMAGING AS DIAGNOSTIC TOOL

222	 Minerva Dental and Oral Science	 October 2021 

early diagnosis of occlusal caries lesions – in vitro study. J 
IMAB. 2014;20:533–6. 
50.  Litzenburger F, Heck K, Pitchika V, Neuhaus KW, Jost 
FN, Hickel R, et al. Inter- and intraexaminer reliability of 
bitewing radiography and near-infrared light transillumina-
tion for proximal caries detection and assessment. Dentomax-
illofac Radiol 2018;47:20170292. 
51.  Maia AM, Karlsson L, Margulis W, Gomes AS. Evalu-
ation of two imaging techniques: near-infrared transil-
lumination and dental radiographs for the detection of 
early approximal enamel caries. Dentomaxillofac Radiol 
2011;40:429–33. 
52.  Abogazalah N, Eckert GJ, Ando M. In vitro performance 
of near infrared light transillumination at 780-nm and digital 
radiography for detection of non-cavitated approximal caries. 
J Dent 2017;63:44–50. 

transillumination for interproximal dentin caries  detection. 
Clin Oral Investig 2016;20:821–9. 
46.  Blazejeska A, Dacyna N, Niesiobedzki P, Trzaska M, 
Gozdowski D, Turska-Szybka A, et al. Comparison of the 
detection of proximal caries in children and youth using DI-
AGNOcam and bitewing radiovisiography. Dent Med Probl 
2016;468–75. 
47.  Angelino K, Edlund DA, Shah P. Near-Infrared Imag-
ing for Detecting Caries and Structural Deformities in Teeth. 
IEEE J Transl Eng Health Med 2017;5:2300107. 
48.  Fried WA, Simon JC, Lucas S, Chan KH, Darling CL, 
Staninec M, et al. Near-IR imaging of cracks in teeth. NCBI; 
2014 [Internet]. Available from: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC4013098/ [cited 2021, May 19].
49.  Marinova-Takorova M, Anastasova R, Panov VE. Com-
parative evaluation of the effectiveness of five methods for 

Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material 
discussed in the manuscript.
Authors’ contributions.—Valeria Vanella and Raffaella Castagnola have given substantial contributions to study conception and 
design, data acquisition, analysis and interpretation, manuscript writing and critical revision, Luca Marigo and Nicola M. Grande to 
data acquisition, analysis and interpretation, and manuscript critical revision, Gianluca Plotino to study conception and design, data 
analysis and interpretation, and manuscript writing and critical revision. Valeria Vanella and Raffaella Castagnola equally contrib-
uted. All authors read and approved the final version of the manuscript.
History.—Article first published online: May 14, 2021. - Manuscript accepted: May 3, 2021. - Manuscript received: February 21, 
2021.
Supplementary data.—For supplementary materials, please see the HTML version of this article at www.minervamedica.it


