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Diagnostic Aid in Dental Practice
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Abstract: Fiber-optic transillumination (FOTI) is a well-accepted and valuable adjunctive diagnostic
tool with a wide range of clinical applications. In dentistry, FOTT has been primarily associated with
caries diagnosis and has been corroborated through research studies to be a valid indicator of the histo-
logical presence or absence of bacterially infected tooth structure. In this review, techniques for using

FOTTI for tooth evaluation are presented along with examples of how FOTI can be effectively used as a

supplemental diagnostic aid.

n this era of enhanced diagnostic digital technologies,
clinicians desiring to provide the most up-to-date digital
technology when diagnosing and treating their patients
must be careful not to overlook opportunities to use well-
proven evidence-based technologies. One such example
of an adjunctive diagnostic tool that does not require additional
digital support is fiber-optic transillumination (FOTI). Applica-
tions for fiber-optic transillumination include: its use as an adjunc-
tive diagnostic aid for anterior and posterior interproximal caries
and occlusal caries diagnosis; detection of calculus; evaluation of
stained margins of composite resins; evaluation of cusp fractures

and cracked teeth; asan exploration tool to illuminate endodontic
access and root canal orifices within the pulp chamber of teeth
during endodontic treatment; as a tool for improved evaluation
of soft-tissue lesions; for evaluation of all-ceramic restorations to
rule out any fractures before cementation; for clinical evaluation
of fracture and craze lines in all-ceramic restorations and natural
teeth; and for evaluation of depth of extrinsic staining to determine
appropriate treatment recommendations.!

Fiber optics (optical fiber) refers to flexible, thin cylindrical
fibers of high-optical-quality glass or plastic. The theory of fiber
optics is based on a single optical fiber that consists of glass or

Fig 1. Technique to visualize anterior caries. Fig 2. Technigue to visualize posterior interproximal caries.
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Fig 3. Use of specialized 0.75-mm light guide to better visualize
interproximal caries through the marginal ridge. Fig 4. Correct orien-
tation of fiber-optic tip of FOT| device on facial surface of maxillary
lateral incisor, perpendicular to facial surface. Fig 5. Lingual mirror
view: FOTI appearance of mesial surface of maxillary lateral incisor
demenstrates shadowing that reveals penetration of caries through
enamel into the dentin. Fig 6. Initial penetration of maxillary lateral
incisor demonstrates that the FOTI view was accurate, as caries
extension was visualized.

plastic material with an outer cladding of a lower index of re-
fraction material. Since the fiber core has a higher refractive
index, light rays are reflected back into the core. This phe-
nomenon is based on Snell’s Law and is called Total Internal
Reflection (TIR). Individual fibers are grouped together to
form a fiber optic bundle.'* These fibers can be as small as
0.01 mm in diameter for glass and 0.1 mm for plastic.” Fiber
optics have been used in dentistry for adjunctive illumination
of other devices such as handpieces and ultrasonic scalers, as
well as attached to magnifying loupes.

Dental and medical transillumination refers to light transmis-
sion through tissues of the body. Many remember experiencing
transillumination of light as children during Halloween, when
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shining a flashlight through the mandible and soft tissues, thus
creating an eerie red glowing appearance due to the red blood cells’
absorbing the other wavelengths of light. In fact, physicians use
transillumination for diagnosis of hand tumors and for evaluation
of sinuses and breasts.** Indentistry, fiber-optic transillumination
has been primarily associated with caries diagnosis. A bright light
can illuminate the translucent tooth structure to reveal changes in
tooth color, the presence of cracks and fractures, as well as other
defects. Typically, the majority of carious lesions are visually acces-
sible. Caries on occlusal and buccal/lingual surfaces account for
almost 90% of caries in children and adolescents.” Approximately
60% of caries oceur in 20% of the population, and fewer than 5% of
adults are caries-free.” Caries hasbeen identified as the single most
common chronic disease of childhood, While caries is decreasing
oninterproximal surfaces, occlusal pit and fissue caries has shown
a continued increase, vet the interproximal surfaces of the tooth
are the least accessible to diagnose.

Accurate diagnosis of smooth-surface proximal enamel and
dentin carious lesions is highly challenging to the clinician.
Interproximal caries is typically diagnosed using an intraoral
clinical assessment, including visualization of superficial enamel
discolorations combined with using an explorer to feel for sur-
face roughness and cavitation combined with the use of bitewing
radiographs.*!! In most clinical cases, the access to evaluate the
posterior proximal site visually and tactilely is very limited.
Radiographs are an important diagnostic tool for the detection
of interproximal caries,'*! and bitewing radiographs are the most
frequently used aid in assessing the potential for caries on the
proximal tooth surface. Yet, the detection of interproximal caries
using bitewing radiographs has been demonstrated to have an
accuracy estimated at 40% to 65%.'1° Also, there is significant
variation among clinicians regarding how often diagnostic ra-
diographs should be taken.'” As health professionals, dentists
are concerned about limiting their patients’ ionizing radiation
exposure. It is well accepted and proven that ionizing radiation
dosages are cumulative in their effects and their risks.""

Toaddress the need to decrease patients’ exposure to ionizing
radiation, clinicians can safely evaluate difficult-to-access proxi-
mal surfaces using FOTI to supplement the clinical examina-
tion.* FOTI is ano-risk, minimally invasive, pain-free procedure
that can be used repeatedly during routine dental examinations.
Using a narrow beam of bright white light directed across the
facial and interproximal surfaces, the dry tooth can be visualized
for changes in color, texture, tooth surface appearance, and the
presence or absence of shadows within the tooth."”

FOTT has been corroborated through research studies tobea
valid indicator of the histological presence or absence of bacte-
rially infected tooth structure, with a specificity and sensitivity
equivalent to or better than radiographs.®** The sensitivity of a
test—ie, the true positive rate—is the percentage of people identi-
fied as having the condition. Specificity measures the proportion
of negatives, ie, the percentage of individuals who do not have the
condition. A diagnostic test would ideally have 100% sensitivity
and 100% specificity; it would not predict that anyone from the
healthy group was sick. From the evidence, the research strongly
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suggests that proximal caries diagnosis should be based on a com-
bination of evaluations, not asingle method, and that combining
radiographs, clinical examination, and FOTI together provides
the most accurate assessment. >

Techniques for Using FOTI for Tooth Evaluation
Traditionally, the use of the brightest light has been associated
with providing the best diagnostic tool to illuminate the oral cav-
ity and teeth. In some cases dentists use curing lights to transil-
luminate teeth, which recent research has demonstrated to pose a
significant risk associated with “blue light hazard” that can cause
retinal injury and macular degeneration.”® It is recommended
that specialized light sources with small apertures of 3 mmor less
be used, as these provide a point source that results in a sharper
image for improved visualization. These smaller light guides pro-
vide white light that can be used as anindirect light for FOTL. Past
FOTTI devices were large boxes with light sources that required
fans for cooling and tethered electrical sources. With the latest
generation of light-emitting diodes (LEDs), FOTI devices are
small, compact, and powered by batteries. The technigue of mov-
ing the light angulation to change the irradiance provides a more
accurate portrayal of different tooth conditions.

FOTI works due to differences in normal enamel and dentin
light transmission compared with caries, calculus, restorative
materials, and external tooth discolorations.! Caries, which
appears shadowed within the tooth, has a lower index of light
transmission than sound tooth structure. Calculus shows up as
a darkened area on the surface of the tooth. Translucent tooth-
colored restorative materials can be easily distinguished from
normal tooth structure using FOTI.

Evaluating for Anterior Caries

For both maxillary and mandibular anterior teeth, in order to
visualize anterior proximal caries the probe should be placed on
the labio-cervical region of the tooth, and the surface should be
examined from the lingual aspect with a mouth mirror (Figure
1). In some cases, because of the thinness of mandibular incisors,
the light guide can be placed on the lingual surface.

Evaluating for Posterior Interproximal Caries

To visualize posterior proximal caries using a conventional light
guide, the probe is placed on the cervical area of the tooth, bue-
cally or lingually. Light passes into the cervical tooth structure
and then radiates occlusally. Caries can appear as a dark shadow
on the occlusal surface (Figure 2).

A recent development involves an innovative thin, flexible
fiber-optic tip used for evaluating interproximal posterior car-
ies (Microlux Proximal Caries Light Guide, AdDent, Inc., www.
addent.com). This 0.75-mm thin light guide is also beneficial
for visualizing root canal orifices within pulp chambers. For
caries diagnosis, the thin light guide tip is slid into the gingi-
val embrasure below the proximal contact under the marginal
ridge. Figure 3 depicts a view from the occlusal. This method
often shows caries with a higher definition than a conventional
fiber-optic light guide.
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Fig 10.

Fig 7. Clinical view of distal surface of maxillary canine. Note

the color change evident on the distolingual surface, Fig 8.
Radiographic view with bitewing radiograph is not diagnostic

for caries. Fig 9. Radiographic view with periapical image is not
diagnostic for caries. Fig 10. FOTI reveals the subtle penetration of
caries on distal surface of the maxillary canine, Fig 11. Lingual FOTI
position reveals caries on mesial surface of mandibular incisor.

Examples of FOTI Usage

FOTI canbe used as asupplemental diagnostic aid for anterior and
posterior interproximal caries and occlusal caries diagnosis, detec-
tion of calculus, evaluation of stained margins of composite resins,
and evaluation of cusp fractures and cracked teeth. It can also be
used as an exploration tool to illuminate endodontic access and root
canal orifices within the pulp chamber of teeth during endodontic
treatment, as a tool for improved evaluation of soft-tissue lesions,
for evaluation of all-ceramic restorations to rule out any fractures
before cementation, for clinical evaluation of fracture and craze
lines in all-ceramic restorations and natural teeth, and for evalu-
ation of the depth of extrinsic staining to determine appropriate
treatment recommendations.

Case Reports

Supplemental Caries Detection

Anterior teeth. For maxillary anterior teeth and mandibular
canines, the best view can be achieved by placing the light tip
atrightangles to the facial surface of the tooth, illuminating the
lingual tooth surface (Figure 4). The lingual surface is visualized
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Fig 16.

Fig 17.

Fig 12. Clinical view of maxillary premolar in normal lighting, Fig 13.
Use of a specialized flexible fiber-optic light guide to position the
light source interproximally to better visualize extension of caries
on the distal surface of maxillary first premolar. Fig 14. Clinical
extension of caries parallels the FOTI view of the shadowed tooth
that revealed caries. Fig 15. Clinical facial view of dental fluorosis
on the maxillary incisors. Fig 16. FOTI view of the maxillary central
incisors portrays the complete extent of enamel discoloration. Fig
17. Three-quarter view with FOTI reveals the depth and opacity of
the enamel discoloration.
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using a mirror (Figure 5). Placement of the light guide on the
lingual surface does not provide the optimal diagnostic image.
As seenin Figure 6, initial preparation reveals that caries exten-
sion was verified based on its appearance visualized with FOTI.

Caries on the distal surfaces of canines can be more difficult
to visualize clinically and radiographically (Figure 7 through
Figure 9). Using FOTI combined with clinical andradiographic
evidence, an accurate diagnosis can be made (Figure 10). For
narrower and thinner mandibular incisors, the light source on
the lingual surface can provide an excellent diagnostic view
(Figure 11).

Posterior teeth. Visualization of interproximal caries for
posterior teeth requires initial placement of the light guide at
right angles on the facial surface just below the contact area.
Specialized thin fiber-optic tips that can be threaded between
the teeth can offer the best diagnostic view. Interproximal caries
for posterior teeth should be diagnosed using a clinical examina-
tion (Figure 12), bitewing radiographs, and FOTI (Figure 13).
As seen in Figure 14, definitive preparation and caries removal
verifies the accuracy of the FOTI portrayal of the caries pen-
etration. Conventional fiber-optic tips are also valuable as an
adjunctive aid when diagnosing posterior interproximal caries.

Evaluation of Other Tooth Conditions

Enamel dysplasia. Superficial enamel discoloration can be evalu-
ated using FOTI for depth of the discoloration and degree of
opacity of the discoloration. The most commonly seen enamel
dysplasia in dental practice is dental fluorosis® (Figure 15).
Using FOTI, the discoloration is revealed for its depth and dif-
fuse opacities on the enamel surface (Figure 16 and Figure 17).

Incomplete tooth fractures. Incomplete tooth fractures typi-
cally present as a patient’s self-assessment of pain on biting™
(Figure 18). A comprehensive assessment includes patient
questioning and the use of a bite device. A positive response
by the patient can be corroborated with visualization of the
incomplete fracture of a cusp using FOTI (Figure 19). In some
cases, the incomplete fracture might not be a cuspal fracture,
but a mesial-distal vertical fracture present on the pulpal wall.
The evidence of the fracture can become readily apparent after
the restoration is removed and the tooth transilluminated. It is
critical to use the fiber-optic tip from a variety of orientations
to best visualize incomplete tooth fractures.

Another example is a case of an incomplete fracture noted
during preparation, with no symptoms that needed to be evalu-
ated for tooth prognosis over time (Figure 20). FOTI was used to
demonstrate to the patient the guarded prognosis for treatment
(Figure 21). In this case, the composite restoration was placed
and the patient scheduled for a follow-up appointment.

Transillumination of root canal orifices. In some cases that
involve preparing an endodontic access or exploring to find the
root canal orifices, using a FOTI tip at the cervical of the tooth
below the dental dam retainer will illuminate the interior of the
tooth to better visualize the root canal (Figure 22).

Existing defective composite resins. During tooth preparations,
especially when there are existing defective composite resins,

ARTICLE REPRINT - February 2014 COMPENDIUM



6

it may be difficult to visualize the complete removal of the de-
fective composite. Using FOTI makes it easier to visualize the
difference between tooth structure and composite and to see
the borders of the defective restoration being removed (Figure
23 and Figure 24). Also, when composite resins have stained
margins, FOTI can demonstrate whether the tooth has only
a stained margin or caries penetrating deeper into the tooth,

Conclusion

Conventional clinical examinations and radiographs provide crit-
ical information in diagnosing oral conditions. In recent years, a
surge in the availability of digital devices for use as supplemental
aids for diagnosis of dental pathologies has enabled dentists to add
to their diagnostic armamentarium. While excitement is often
associated with new technologies, clinicians must remember that

terproximal caries and occlusal caries diagnosis

«detection of calculus

sevaluation of stained margins of composite resins and of cusp
fractures and cracked teeth

«an exploration tool to illuminate endodontic access and root
canal orifices within the pulp ch‘amber of teeth during end-
odontic treatment

simproved evaluation of soft-tissue lesions

sevaluation of all-ceramic restorations to rule out any fractures
before cementation

sclinical evaluation of fracture and craze lines in existing all-
ceramic restorations and natural teeth

*evaluation of the depth and quality of extrinsic staining to
determine appropriate treatment recommendations.

there are proven conventional technologies that can also make ABOUT THE AUTHORS

adifference. Fiber-optic transillumination (FOTT) is a category
of supplemental diagnostic tools that do not require additional
digital support. By merely shining a bright light through translu-
cent oral tissues using well-accepted techniques, clinicians can
expand their ability to achieve an accurate diagnosis. Moreover,
FOTI provides an additional tool to be used during treatment.
Applications of FOTI include:

+a supplemental diagnostic aid for anterior and posterior in-

Fig 19.
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Fig 18. Patient had chief complaint of pain on eating on mandibular first molar. Note
the tooth had an occlusal composite resin. Fig 19. Using FOTI, horizontal fracture

was revealed, confirming the diagnosis of incomplete tooth fracture. Fig 20. Patient
presented with symptomatic maxillary premolar that was suspected on an incomplete
tooth fracture. Fig 21. FOTI revealed a significant vertical tooth fracture that confirmed
a guarded prognosis of the premolar, By viewing the FOTI image in the mirror, the
patient was able to understand the guarded prognosis for treatment. Fig 22, Use of
FOTI to better visualize endodontic access in maxillary premolar and orifices of the
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root canal. Fig 23. Tooth with remaining defective composite resin in anterior Class Il
preparation, shown with normal illumination. Fig 24. Using FOTI, presence of defec-
tive composite is evident: the borders of the composite resin to be removed are clearly
visualized. Additionally, the composite resin on the mesial surface has stained margins.
FOTI demonstrates that the margins are stained and not carious.
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