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DIAGNOSIS

Caries Visualization With
Fluorescent Technology

adiographs are limited in their
Rability to identify small carious

lesions. Accurate identification
and localization of carious lesions can
be a real aid not only for early detec-
tion, but for enhanced patient care as
well.

Noninvasive sensitive in vivo caries
detection has been reported in the lit-
erature since 1998. The theory is that,
by means of appropriate excitation
sources and porphyrin fluorescence
detectors, it should be possible to iden-
tify the products known to be associat-
ed with the bacteria that are associated
with dental caries.T However, can fluo-
rescence spectroscopy differentiate
between healthy and carious tooth
structure? Emission spectra of all types
of carious lesions were shifted towards
longer wavelengths (red shift), when com-
pared to the spectra of the corresponding
sound enamel which fluoresces green. This
red shift was reported to be highest for dark
brown spot lesions and lowest for white
spot lesions.2 At the 405-nm wavelength,
the area of the fluorescence bands at 455 and
soo nm differ statistically for natural cari-
ous lesions and sound tissue.3 Differen-
tiation then can be accomplished to deter-
mine what is affected and healthy tooth
structure.

This has applications with regards to pit
and fissure portions of the tooth but also
may be applied to smooth surfaces. One
study reported that light- and dark-discol-
ored root surface caries showed distinct flu-
orescence emission bands between 600 and
700 nm that were not present in sound root
surface areas. These bands were strongest
for wavelengths between 390 and 420 nm.
The spectra of root caries revealed maxi-
mum excitation at around 405 nm.4

Caries detection is especially challeng-
ing at the margins of existing restorations.
Current technology (ie, DIAGNOdent [Ka-
Vo)) has not proven effective when examin-
ing tooth structure adjacent to restorative
materials. These technologies rely on pene-
tration of a laser into the tooth structure to
detect demineralization. As restorative
materials defract light, an accurate assess-
ment cannot be at the restorations margins
with the Diagnodent. Conversely, the
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Figure 1. Spectra camera
lens and LED lights.

Figure 2. Spectra camera
with autoclavable spacer in
position.

picture of the tooth with visual representa-
tion of where tooth structure is deteriorat-
ing. Air Techniques Spectra is a fluores-
cence-based caries detection system that has
received FDA clearance. Spectra’s LEDs proj-
ect high-energy blue light onto the tooth
surface. Light of this wavelength stimulates
bacteria to fluoresce red, whereas healthy
enamel fluoresces green.

Flurorescence procedures are based on
illustrating certain fluorescence substances
like porphyrins, which grow in bacterial
populated areas. When the area is stimulat-
ed with light of a certain wavelength, the

Detecting the bacteria associated with caries can make
a real difference in overall patient care.

Spectra system (Air Techniques) utilizes the
fluorescence of the porphyrins associated
with specific bacteria associated with dental
caries, so identification at a restorations
margin may provide more definitive identi-
fication of recurrent caries.

EARLY DETECTION IS KEY
Detecting the bacteria associated with caries
can make a real difference in overall patient
care. Early detection is often the key to effec-
tive caries management. Although the tooth
may appear healthy on the surface, its real
condition underneath the surface—especial-
ly true for fissure caries—is often hard to
detect. Use of an explorer can lead to cavita-
tion of early lesions preventing remineraliza-
tion due to the surface disruption or may lead
to an acceleration of the caries process when
the weak enamel overlaying the demineral-
ized area is physically broached by an instru-
ment.

Enhanced caries detection, which sup-
ports minimally invasive treatment regi-
mens, along with simplified case presenta-
tions, make Spectra an innovative, indispen-
sable tool.

Spectra offers a different view to nonin-
vasive caries detection, enabling reliable
tooth-by-tooth detection of fissure caries
and caries on smooth surfaces. While other
devices use numeric indicators to signal the
presence of decay, Spectra uses a color visual
system with software analysis to provide a

N

molecules absorb the light energy and
release part of the light energy with a differ-
ent wavelength.

Spectra is similar to an intraoral camera
in appearance and function. Yet, where an
intraoral camera has white LEDs surround-
ing the lens, Spectra has an array of 6 LEDs
emitting a 405 nm blue-violet light (Figure
1). Spectra connects to the operatory com-
puter via a USB connector and is operated by
proprietary software. The device is sheathed
in a single-use disposable intraoral camera
sleeve for sterility and an autoclavable rub-
ber “spacer” is placed over the sheath at the
end of the lens (Figure 2). The spacer elimi-
nates ambient light and maintains a consis-
tent distance between the device and the
tooth surface, so images are reproducible
and consistent. Spectra is both self-calibrat-
ing and portable, making it easy to use in
offices with multiple operatories.

SPECTRA CARIES DETECTION
PROTOCOL

The practitioner or hygienist, following
removal of any plaque and tartar, which
may interfere with caries detection, then
utilizes the Spectra to capture pictures of
the teeth. The spacer is placed over the dry
tooth and kept in contact with the tooth to
be analyzed, and then Spectra is activated to
capture the image. When the image is
frozen on the screen, either the Visix propri-
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etary software (a special version of
Visix is supplied with the Spectra sys-
tem) or a twain driver (also available,

Figure 3. A healthy premolar image taken
under detection mode with the Spectra unit.

Figure 4. A healthy premolar image taken with
the Spectra unit under analyze mode, showing
no highlighted areas on the tooth surface. The
red area shown is gingival tissue which may
have bacteria containing porphyrins com-
pounds.

Figure 5. A premolar image taken with the
Spectra unit under detection mode showing
healthy tooth structure as green and question-
able areas as red.

Figure 6. A premolar image taken with the
Spectra unit under analyze mode demonstrat-
ing areas that may become carious in the
future, allowing better patient education.
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Figure 7. Molar captured with Spectra in
detection mode showing suspect areas in the
pits and fissures.

Figure 8. Molar captured with Spectra under
analyze mode indicating a high value at the
central pit.

Figure 9. Preparation following removal of an
existing composite restoration taken with
Spectra.

Figure 10. Preparation following removal of an
existing composite restoration taken with
Spectra under analyze mode, indicating decay
still present in the mesial aspect of the prepa-
ration.

allowing direct acquisition into most
dental practice management software
programs) analyzes the image, run-
ning an algorithm. Following instan-
taneous software analysis, the cap-
tured image on the computer of the
tooth shows enamel breakdown due
to caries in a graphic representation

Table. Interpretation of Spectra (Air Techniques) data.

Displayed Color

GREEN —BLUE —RED —ORANGE —»

Displayed Number 1 -5
Depth of Sound Initial Deep Initial Deep

I Enamel Enamel Enamel Dentin Dentin
nvolvement Caries Caries Caries Caries

similar to weather radar images.
Images can be saved to monitor areas
or to gauge the effectiveness of rem-
ineralizing therapy.

It has long been recognized that
the cariogenic bacteria Streptococcus
mutans produces special metabolites
called porphyrins. These porphyrins
fluoresce when exposed to a 405-nm
light. This fluorescence is detected by
the Spectra device and is visually
identified. The denser the bacterial
colonization, the more intense the red
fluorescent signal will be. The soft-
ware analysis then provides the prac-
titioner with an estimate of the depth
and extent of the caries based on the
color map produced, depending on
the degree of fluorescence. These col-
ors indicate the possible depth of cari-
ous involvement and help guide the
practitioner to the appropriate treat-
ment (Table). The image and corre-
sponding color map also help in
patient education and assist the
patient in understanding wny the
avenue of treatment suggested is
being recommended despite a possi-
ble absence of any tooth sensitivity.

The Spectra caries detection system
provides the practitioner with a base-
line for that patient’s particular tooth,
allowing monitoring on subsequent
recall appointments. Unlike competi-
tive devices, the entire occlusal surface
is analyzed and the image can be saved
for future reference. Additionally,
when remineralization procedures are
employed, the practitioner can moni-
tor how effective the remineralization
process is proceeding.

An added benefit to the Spectra
device is in identifying bacteria-affected
dentin during tooth preparation. Tra-
ditional methods, which include caries-
indicating dye, have been reported to
provide false positive or negative infor-
mation which may lead to carious
affected dentin being left or over excava-
tion of healthy tooth structure. The fluo-
rescence captured by the Spectra unit
identifies porphyrins associated with
Streptococcus mutans and thus dentin in
the preparation that fluoresces indicates
the presence of bacteria in the dentin
and can guide the practitioner to better
decisions on caries excavation.

CASE EXAMPLES
Spectra can be utilized as a screening

i

device at recall appointments. A
healthy tooth may demonstrate slight
fluorescence in the pits and fissures
when observed under detection mode
(Figure 3), but when switched to ana-
lyze mode, values should be zero in
these areas. (Figure 4). Whereas, a
tooth with a similar appearance
under detection mode (Figure 5) may,
when switched to analyze mode,
demonstrate some values in the pits
and fissures (Figure 6). Low values in
the pits and fissures may indicate con-
tinued observation of these areas or
suggest either remineralization proce-
dures be used or sealants placed.
These images may also be used to edu-
cate the patient on areas of the tooth
that require more home care atten-
tion. Teeth that show more extensive
red fluorescence in the pits and fis-
sures (Figure 7) may demonstrate
higher values in these areas (Figure 8),
leading the practitioner to perform
conservative restorations versus
observation until the caries have pen-
etrated deeper and wider.

Another useful adjunct is in deter-
mining caries removal during prepa-
ration. A patient presented with a
defective composite restoration in a
mandibular molar. The Spectra unit
was utilized following removal of the
existing restoration to identify resid-
ual decay. Under detection mode,
small areas of red fluorescence were
noted (Figure g). But, when switched
to analyze mode, a higher value was
noted in the mesiolingual aspect indi-
cating that further excavation was
needed at this spot (Figure 10).

High fluorescence associated with
gingival tissue may be due to the pres-
ence of porphyrin-associated bacteria
on the soft tissue. Some of the exam-
ples illustrated above demonstrate
this. This can be used as an education-
al aid, directing the patient to areas
that need better home care.

CONCLUSION
An innovative noninvasive caries
detection system, Spectra shows the
patient the presence of harmful bacte-
ria in the mouth, and corresponding
oral hygiene status. This can help
motivate the patient to carry out a reg-
imen of better dental care — both at
home and through regular checkups
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and cleanings at the office.

Patient communication is impor-
tant in our interactions when suggest-
ing treatment. Frequently what is obvi-
ous to the practitioner, especially with
regards to initial caries, is not clear to
the patient. Patients usually base their
decision process on initial fillings on
sensitivity in the tooth and their trust
in the practitioner. But when a tooth is
not sensitive, it can be difficult to get
the patient to move forward with early
treatment. The Spectra system is anoth-
er tool in our armamentarium aiding
us in both diagnosis and communica-
tion with regards incipient pit and fis-
sure caries at the early stages. As an
image is captured and values are set for
specific areas of the occlusal of the pos-
terior teeth, monitoring progress of the
area when observation is decided ver-
sus clinical treatment. This allows
patients to be a partner in their dental
treatment and understand the options
of treatment or observation better.4

Additional information
For additional information, contact
Air Techniques at (800) AIR-TECH or
visit airtechniques.com. '
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