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Optical diagnostic methods:
Current status and future potential

By Professor Laurence J. Walsh

“A major
advantage of
optical diagnostic
methods is that
they use non-
ionizing radiation,
and can therefore
be used with
safety at high
frequency, unlike
dental X-rays....”

to assist in the diagnosis of oral diseases and
in particular, in the recognition of early
forms of soft and hard tissue diseases, so that less
invasive treatments can be provided. As an
example, detection of mineral loss from caries (or
dental erosion) at a very early stage may permit
more efficient reversal of the process of mineral
loss than when lesions are detected at a more
advanced stage. In other words, early intervention
will reduce the need for irreversible restorative pro-
cedures. This is an essential part of the modern
philosophy of minimal intervention dentistry.
A major advantage of optical diagnostic me!
is that they use non-ionizing radiation, and can there-
fore be used with safety at high frequency, unlike
dental X-rays. They are simple, painless and non-
invasive, and can also be used in situations where
radiographs are contra-indicated, such as with preg-
nant women. A broad range of applications now
exist for optical diagnostic systems in dental practice
(Table 1), and many of these show excellent perfor-
mance and improved accuracy compared with
traditional methods, with greater detection of early
disease (sensitivity) and more reliable identification
of healthy sites (specificity) (Table 2).

A range of optical methods are now available

Soft tissue pathology

Use of intense white light can aid thorough diag-
nosis of oral mucosal pathology, however
particular benefits in recognizing pathologically
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Figure 1. The Velscope unit which is used to
facilitate recognition of pathologically altered
oral mucosa, and identify areas for biopsy and
other investigations.
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Figure 2. Two ultraviolet light-equipped
intra-oral camera systems for oral
diagnosis, the Morita PenViewer (left)
and Diirr VistaProof (right).

altered oral mucosa occur when fluores-
cence methods are employed. The most
common way to detect oral mucosal dis-
ease is by visual inspection of the suspect
tissue. However, the human eye is not
optimized for this task because the per-
ceived spectrum of light is divided into
three channels, all of which have overlap-
ping  spectral  sensitivity  curves.
Abnormalities in the oral cavity are opti-
mally perceived when the excitation is in
the long wave ultraviolet (UVA) band.
Positive green autofluorescence emissions
arise from the cytokeratins which are
found in normal oral mucosal epithelial
cells, when tissues are exposed to violet
and blue light.

This approach, which is used in devices
such as the Velscope (Figure 1) and
Vizilite, allows the identification of areas
of mucosal pathology, which require fur-
ther investigation, such as ulcerations,
hyperkeratinization, chronic inflamma-
tion, and areas of dysplastic change.
UVA-induced autofluorescence emissions
in human oral mucosa derive primarily
from the keratin layers." The lack of
cytokeratin autofluorescence can be easily
identified by the human eye in real time as
a dark area. By checking for such dark
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Table 1. Current optical diagnostic methods

Method Wavelength Target detected System
Fluorescence 400-500 nm  Abnormal oral mucosa Velscope, Vizilite
Dental caries VistaProof
Dental calculus VistaProof,
and mature plaque PenViewer
Tetracycline dental staining
Tooth coloured restorations
Fluorescence 655 nm Dental caries DiagnoDENT, KEY3
Dental calculus DiagnoDENT, KEY3
Differential 630 nm Subgingival calculus DetecTar
Reflectometry and 800 nm
Optical coherence 800-1064 nm Dental caries Lantis Laser
tomography
Laser Doppler 633-635 nm  Pulpal blood flow Various
flowmetry

Table 2. Indicative performance of optical
diagnostic systems compared with conventional methods

Target System Sensitivity Specificity
Occlusal caries (DEJ) DiagnoDENT 82% 100%
Sickle probe 49% 89%
Proximal caries (DEJ) DiagnoDENT 95% 96%
Bitewing radiographs 65% 92%
Subgingival calculus DiagnoDENT 83% 98%
DetecTar 75% 83%
Periodontal probe 75% 67%

areas, visual examination using autofluo-
rescence enhances the contrast between
normal and neoplastic oral mucosa.

A significant point with autofluores-
cence devices is that they assist in
identifying areas that might have other-
wise been overlooked because they
appeared normal under white light exami-
nation, however they do not however
provide a diagnosis. In the future, multi-
photon imaging may provide this
information, by exploiting the unique flu-
orescence signatures of particular
enzymes and other biologically relevant
molecules. A final clinical point is that
while it has commonly been recom-
mended that a brief mouthrinse with
dilute (1%) acetic acid be used to reduce

the burden of saliva prior to visual inspec-
tion under UVA light, clinical experience
indicates that this may not add value to
soft tissue diagnosis.>® There is a growing
supporting literature regarding the value
of autofluorescence imaging of oral
mucosa,*’ and current systems such as the
Velscope are both simple to use and
modest in cost.

Mineral loss

UVA, blue and green light causes visible
green-yellow fluorescence in healthy
enamel. Enamel fluorescence does not
depend on the colour of the tooth. Dentine
has a distribution spectrum which is sim-
ilar to that of enamel. Reduced
fluorescence from dental hard tissues can
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Figure 3. Near infrared fluorescence signals produced by
5 samples of dental calculus, in the near infrared spectrum
(800-880 nm).
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Figure 5. DiagnoDENT pen, with performance identical to the
earlier “classic” unit, in a more compact device with a wider
range of sapphire tips for oral diagnosis.

indicate the presence of early forms of mineral loss from dental
caries or dental erosion, or subsurface porosity. These lesions can
then be arrested or reversed using remineralizing therapies such
as Recaldent™ and fluoride. The underlying process used with
UVA systems such as the Diirr VistaProof and Morita PenViewer
(Figure 2), and the like, is that when excited by UVA and violet
light, carious enamel appears dark compared to yellow-green
luminescent sound enamel. Such negative fluorescence has been
shown to detect more demineralized pre-cavitated enamel areas
than a conventional visual examination.'""

Restorative materials

The literature on hydroxyapatite fluorescence is relevant to
the problem of forensic identification of restorative materials,
since tooth-coloured restorative materials have a different
fluorescence signature from human dental enamel. For example,
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Figure 4. DiagnoDENT “Classic” unit from KaVo, fitted

with a prototype sapphire tip for studies of subgingival
calculus detection.

16 Enamel gprep.
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Figure 6. KaVo KEY-3 laser system with autopilot capabilities
for removing subgingival calculus and dental caries. The
newly released 2063 handpiece (left) and software upgrade
(lower panel) allow for specific recognition and ablation of
carious dentine.
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Figure 7. Red fluorescence of supragingival calculus, seen with
the Morita PenViewer.

Figure 8. Red fluorescence of supragingival calculus, seen with
the Diirr VistaProof.

the emission spectra of the dental porcelain comprises a wide
band due to transition metals, and fine lines due to rare earth ele-
ments (terbium and europium). When the porcelain colour is
more saturated, its fluorescence colour becomes greener,
allowing it to be distinguished from adjacent yellow fluorescing
enamel. As a further example, lack of fluorescence from tooth
structure may indicate the presence and form of a non-fluorescing
composite resin restoration, while red fluorescence may indicate
strontium glass is present in a glass ionomer cement restoration,
whether tooth coloured or otherwise. This can be done to assist a
normal dental examination, and can also be used for forensic pur-
poses when it is necessary to identify tooth coloured restorations
for dental identification purposes."
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Bacterial deposits

There are many well developed diagnostic applications where
fluorescence is used to identify dental deposits. DiagnoDENT
technology from KaVo is based on a visible red 655 nm
diode laser system which elicits near infrared fluorescence
(Figure 3). Three variants of this technology exist - the
DiagnoDENT classic (Figure 4) introduced for fissure caries
diagnosis, the DiagnoDENT pen (Figure 5) with proximal
caries and calculus detection capabilities, and the KEY-3 laser
(Figure 6), which has autopilot capabilities for selective
removal of both infected e ||
carious dentine and for SR Y
subgingival calculus. A
number of laboratory
studies using extracted
teeth and clinical studies
have found that this laser
fluorescence method yields
higher levels of sensitivity
and specificity than cur-
rently available techniques.
The proviso for this
improved performance is
that saliva, stains and
dental plaque are removed
from the coronal tooth sur-
faces before readings are
taken of enamel or root
surfaces.'*'* DiagnoDENT
systems have particular optical tips which have been optimized
for detection of proximal lesions and subgingival calculus, and
the system has been used for autopilot control of ablation of sub-
gingival calculus and dentine caries."”'®

At shorter fluorescence excitation wavelengths in the
UVA-violet range, positive red fluorescence occurs from
deposits of mature dental plaque and calculus on the surface of
teeth, restorations, or dental appliances. This fluorescence,
which can be elicited with systems such as the Morita PenViewer
(Figure 7) and Diirr VistaProof (Figure 8) can be useful to
assist in diagnosis as well as in oral hygiene education, since
disclosing dyes are not required.”” The fluorescence method can
also be used to assess cleaning techniques for teeth as well as
dental appliances, since residual deposits of mature plaque
and calculus appear as red fluorescing areas. The maturity
of dental plaque, rather than the presence of particular
cariogenic streptococci, is the basis for the red fluorescence.
The same wavelengths give red emissions from infected carious
dentine in cavity preparations, once again indicating the presence
of bacteria. In this way, red fluorescence can be used to
guide caries removal.**

A further optical diagnostic method is differential reflectom-
etry, as seen in the Ultradent DetecTar. This exploits the different
patterns of light reflection and absorption when visible red light
and near infrared light are used to illuminate subgingival calculus
using a miniature fiberoptic handpiece shaped like a periodontal
probe (Figure 9).

Figure 9. DetecTar system for cal-
culus detection from Ultradent.
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Light sources

Selecting an appropriate light generating
system for use in optical diagnosis
requires consideration of the desired
optical output in terms of wavelength,
power, intensity and stability of output
over time, as well as product features
which relate to the technology itself.
Within the dental setting, key aspects are
small size and a low mass (essential for
portability, low power requirements, and
stability of output over time. For these rea-
sons, most contemporary optical devices
use super-luminous LEDs and diode
lasers, in preference to conventional
LEDs. Super-luminous LEDs are a cross-
over between diode lasers and
conventional LEDs, since some degree of
stimulated emission with amplification
occurs, but there is insufficient feedback
for sustained oscillation to occur.

Both LEDs and diode lasers have a high
energy conversion efficiency from electrical
energy to light. Diode lasers and LEDs in
dental diagnostic devices in the UVA, violet
and blue ranges typically use Indium Gal-
lium Nitride (InGaN), aluminium nitride
(AIN) and other semiconductor materials,
require little power and generate little heat.
They can be operated at low voltages (3.5-4.0
volts). Their electrical conversion efficiency
is sufficiently high that the heat generated by
their normal operation is not problematic and
can be dealt with using passive heatsinks.
Importantly, their power output is stable over
extended periods of time, ensuring long term
reliability for clinical use.
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