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A Novel Method of Capturing Fluorescence in Clinical Dentistry

Yiannis Brokos, DDS, MSc, Dr. Med. Dent.; Minos Stavridakis, DDS, MSc, Dr. Med. Dent.; and Ivo Krejci, Prof.
Dr. Med. Dent.

Abstract

Objectives: A fully integrated esthetic restoration should emit levels of fluorescence similar to that of nat
ural dentition. Also, dental practitioners should be able to monitor this property in their routine clinical set
ting. The aim of this study was to investigate the efficacy of a removable filter for a macro flash illuminati
on set-up required for the digital photographic recording of the fluorescence emission of human teeth an
d dental restorations. Methods: The traditional fluorescence capturing method in clinical dentistry, using
continuous lighting, was compared with the proposed flash lighting method.A digital single-lens reflex Ca
non 550D camera with a Canon 100-mm macro lens and a commercially available standard Canon MT-2
4EX twin light macro flash were used in this study. A custom-fabricated plastic o-ring was fixed with silic

one to the original flash framework, which received a removable fluorescence filter composed of two 365
-nm ultraviolet (UV) glass filters on both sides, covering the flash lamps. The original protective plastic di
ffusers in front of the flash lamps were replaced with clear plastic to release the full excitation wavelengt
h range of the xenon flash lamps. No additional filter was placed in front of the lens. Results: The result
s showed that using the proposed custom-made flashffilter illumination source, f-numbers between 16 th
rough 22, a shutter speed of 1/60, and ISO 800 or 1600 sensitivity settings attained satisfactory fluoresc
ent digital images. Results were comparable to those accomplished using a traditional photographic tech
nigue, without the need for a dark room, extended exposure times, and time-consuming set-ups. Conclu
sion: A contemporary photographic technique was demonstrated using macro flash UV-A 365-nm illumi

nation that allowed fluorescent digital photograph acquisition under standard dental office conditions. Flu
orescence documentation using a quick, straightforward procedure can take place during the restorative
session to help increase the success rate of dental restorations.

As early as 1845, Sir John Herschel discovered the phenomenon of fluorescence in a solution of equal weights
of sulphate of quinine and crystallized tartaric acid, rubbed together with the addition of water. Despite appearin
g colorless like water, when viewed by transmitted light the solution exhibited a beautiful celestial blue color in ¢
ertain aspects and under particular incidents of light. The phenomenon was described in two separate papers b
ut was not scientifically documented at that time."-? Several years later Irish physicist George Gabriel Stokes, in
spired by Herschel's work, observed that the color of the emitted light had a longer wavelength spectrum than t
he color of the excited light; this difference became known as “Stokes shift.”

In 1911 Hans Stubel was the first to report that rabbit teeth exhibited an intense blue fluorescence when irradiat
ed with ambient ultraviolet (UV) illumination that was similar to that of the lens of the human eye.* Benedict in 1
928 noted that dentin fluoresces much more brilliantly with a bluish light than enamel, and that the white spot le
sions indicative of the initiation of dental caries do not fluoresce, nor does ashed enamel. He also observed tha
t the organic matrix retained its fluorescent power and suggested that fluorescence phenomenon might be usef
ul for studying dental caries.>®

Based on the these remarkable observations, fluorescence was defined as the optical property of teeth that em
its color within visible light at 430 nm to 450 nm when irradiated with UV illumination at 1 nm to 400 nm. Initially
, researchers attempting to investigate which tooth elements were responsible for the phenomenon addressed
mainly the etiology of dental caries. During almost 50 years of research, some authors assumed that to some e
xtent organic protein compounds were the reason for fluorescence,”"! while others believed that fluorescence
was linked with the mineral phase.'? Tooth enamel consists of approximately 96% mineral and 1% to 2% organ
ic content, while dentin is composed of 30% to 40% organic matrix.'® The greater amount of organic content in
dentin may explain the higher fluorescence dentin presents. Clinical tooth fluorometers were constructed'* and
artificial UV illumination sources were used within in vitro experiments to observe fluorescence. “Dark bulb” me
rcury vapor lamps (ie, General Electric AH6, Hanovia Model 11) coupled with glass filters (ie, Corning no. 9863/
no. 5860, Wood's filter) producing continuous lighting were among the combinations that enabled UV irradiatio
n of the specimens in the range of 3200 arbitrary units (A.U.) to 3900 A.U., knowing that fluorescence of teeth
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Management of Dentin was excited strongly around 3650 A.U."5-17

Hypersensitivity: An In Vitro SEM

Study Besides the application of the fluorescence phenomenon in caries detection'®2% and other tissue diagnostics,?’
Compendium, January 2018 -25 another important aspect of fluorescence, revealed through the introduction of restorative materials in clinica

| dentistry, is its correlation with the optical properties of teeth?6-3° and the potential of said materials to reprodu
ce it. Ideally, restorative materials should exhibit similar levels of fluorescence to that of natural teeth; however,
this is not the case, even with contemporary dental materials presenting variations in fluorescence emission.3'-
41 Fluorescence is considered a clinically significant optical property in esthetic restorations because it is why t
eeth appear whiter and brighter, emitting more light than they receive. Ambient UV irradiation emits autofluores
cence that is responsible for the “vital” tooth appearance. Under specific artificial lighting, such as black lighting
in a nightclub, for example, UV-coated lamps may emit the appropriate excitation light (300 nm to 400 nm) to in
duce fluorescence in teeth. Because dental restorations ideally should be indistinguishable from natural teeth,
clinicians need to be capable of evaluating fluorescence in routine clinical settings.

Traditionally, use of a fluorescence capturing set-up was quite complicated. It required a UV light source and a
dark room to avoid any other artificial lighting source in the operatory field to make the fluorescence visible, bec
ause the intensity of the fluorescence is very low. In addition, the photographic recording necessitated long exp
osure times of several seconds and increased ISO sensitivity of the sensor of the digital single-lens reflex (DSL
R) camera resulting in increased picture noise, the need to stabilize the camera on a tripod, and significant irra
diation of the patient with UV light.

The purpose of this study was to investigate the efficacy of a contemporary fluorescence capturing set-up consi
sting of a removable filter for UV flash illumination, along with a DSLR camera, macro lens, and twin light macr
o flash (Figure 1).

Materials and Method

Support system.An adjustable support system (Manfrotto Autopole, Manfrotto, manfrotto.us) was used to stabili
ze the photographic equipment when long exposures were needed. The product has a single-action cantilever |
ocking system to assure a secure and balanced fit of the camera.

Camera. A DSLR camera body (Rebel T2i or EOS 550D, Canon, canon.com) was used for digital imaging in th
is study. The camera was equipped with an 18MP APS-C CMOS sensor coupled with DIGIC 4 image processo
r, having available ISO numbers ranging from 100 to 6400.

Memory storage.A SanDisk memory card (SanDisk, sandisk.com) with 8 GB capacity, C4 video speed, and SD
CH form factor was used to temporarily store and transfer intraoral photographs to a personal computer.

Remote control.A wireless remote control (Canon RC-06, Canon) was used to avoid any camera movement wh
ile shooting.

Lens. An EF 100-mm f/2.8 Macro USM lens (Canon) was used for the camera set-up. F-numbers between /2.
8 and /32 could be selected, and magnifications from 1:1 to 1:5 were used.

Continuous illumination source.Two black light halogen lamps (Supratec L18W/73, Osram, osram.com) 590 m
m in length and 26 mm in diameter with long-wave radiation between 300 nm and 400 nm were attached on a
metallic tray. The black light tubes were the only lighting source within the operatory field while digital imaging.

Flash illumination source.A MT-24EX Macro Twin Lite (Canon) flash unit was used for bilateral flash lighting. Th
e flash weighs 585 g with 4 AA batteries. A custom-fabricated plastic o-ring with four metallic screws at 0°-90°-
180°-270° was fixed with silicone to the original flash framework to support the UV-A filter (CNC machine).

UV-A 365-nm filter. A plastic framework that contained four magnets able to attach to the o-ring with the metalli
c screws was custom fabricated. On the plastic removable framework, two UV-A 365-nm glass filters (UG1 Sch
ott optical filters, Schott AG, schott.com) were adapted on both sides to cover both flash lamps when attached t
o the o-ring. The protective plastic diffusers originally used to cover both flash lamps were carefully removed a
nd replaced with clear plastic to protect and release the full excitation wavelength range of the xenon flash lam
ps from the initial visible spectrum of 400 nm to 700 nm to that of 300 nm to 800 nm. This procedure ensured t
he excitation range of the UV-A 365-nm glass filters. The flash combined with the attached filter controlled the
UV irradiation source for both natural teeth and dental restorations.

Intraoral fluorescent images. A single-piece, self-retained lip retractor (KleerView™, Ultradent Products Inc., ult
radent.com) was used to obtain a full view of the dentition in 1:2 magnification, including upper first molars.

Personal computer and software.A 27-inch iMac (Apple, apple.com) with 2.8-GHz Intel Core i5 processor and 4
-GB 1333 MHz DDR3 memory was used to import and preview the captured intraoral images. Adobe Photosho
p® software was used to analyze the images. No external card reader was required because the computer was
equipped with the appropriate SDCH card slot.

Traditional set-up. The traditional set-up consisted of the camera DSLR body, macro lens, supporting system, r
emote control, and continuous illumination source. The patient was positioned horizontally. No other lighting so
urce was switched on while shooting (Figure 2). The time consumed for the described set-up was approximatel
y 10 minutes.

New set-up. The new set-up consisted of the camera DSLR body, macro lens, flash illumination source, and U
V 365-nm filter. Neither patients' position nor the operatory lighting conditions were modified for the shooting (Fi

2 sur 6 08.11.2018 2 18:03



A Novel Method of Capturing Fluorescence in Clinical Dentistry | CC...  https://www.aegisdentalnetwork.com/cced/2018/01/a-novel-method-of...

gure 3). The time consumed for the described set-up was approximately less than 30 seconds.

Results

Results obtained with the traditional set-up are shown in Figure 4. The DSLR camera and the macro lens were
stabilized on the supporting system. Using continuous illumination source, intraoral 1:2 pictures were captured
under f-numbers varying from 8 to 16 and ISO numbers varying from 800 to 1600. The shutter speed was kept
at 1/8 sec.

Results obtained with the new set-up are shown in Figure 5. The DSLR camera, macro lens, and the twin flash
light were used to capture intraoral 1:2 pictures under f-numbers varying from 11 to 22 and ISO numbers varyin
g from 800 to 1600. The shutter speed was kept at 1/125 sec. The best images were those with the following a
cquisition parameters: continuous illumination source, t 1/8-ISO 1600-f/11, t 1/8-ISO 800-f/8; and flash illuminat
ion source, t 1/125-ISO 1600-f/16, t 1/125-1SO 800-f/11. Other settings produced unacceptable images that wer
e either underexposed, overexposed, or blurry.

Discussion

The purpose of this study was to examine the possibility of producing UV illumination using a custom-fabricate
d UV glass filter coupled with a commercial twin light flash device. The proposed set-up can be applied using vi
rtually any commercially available flashing system. Considering that restorative materials emit varying fluoresc
ence intensities compared to natural teeth, clinicians should strive to control fluorescence, both prior to and dur
ing the restorative session, to increase the success rate of the final restorations.

Unfortunately, the literature lacks documentation regarding technical aspects of a rapid and simple photographi
¢ application on fluorescence. The traditional fluorescence capturing set-up is highly detailed, requiring long ex
posure times (1/8, 1/15), low aperture numbers (f/8, f/11, f/16), and increased ISO sensor sensitivity (1600, 320
0), and has the potential for producing intraoral images that are underexposed with increased noise. A determi
nant camera feature for quality intraoral image acquisition is the ISO index related to sensor sensitivity, with the
necessary higher ISO settings resulting in increased grain of the captured image. An insurmountable shortcomi
ng of the traditional technique is the amount of exposure time of both clinicians and patients to the continuous
and harmful UV illumination; because of this it is highly recommended that during the exposure protective glass
es and appropriate clothing for skin protection are used. UV flash light illumination is considered less harmful c
ompared to continuous lighting sources due to the fact that the flash time is very limited.

The novel set-up used in this study offers greater convenience than the traditional set-up, as it utilizes camera
settings similar to those applied in dental macro photography. Shorter exposure times (1/60, 1/125) negate the
need for a tripod, while aperture numbers (f/11, /16, f/22) coupled with decreased ISO sensor sensitivity (800,
1600) relative to the traditional technique result in highly satisfactory images with increased depth of field. The r
educed amount of time needed for set-up, combined with the fact that there is no need for complete darkness,
allows for usage of the proposed custom-made flash/filter illumination source during the restorative session. Th
is enables the fluorescence level between natural tissues and dental restorations to be compared and adjustm
ents made as needed.

With this novel technique, the custom-made flash modification and loss of warranty after replacing the plastic di
ffusers with clear plastic are factors to consider. However, the authors judge both issues as secondary in light o
f their advantages for both the practitioner and patient. The main objectives of this study were to explore the lev
el of fluorescence utilizing a straightforward and quick procedure, while at the same time reviewing the technic
al aspects of the proposed low-cost photographic application.

Usage of a commercially available flash system with limited application in fluorescence emission has been rece
ntly proposed.*'#? Clinical studies have emphasized the importance of fluorescence as a fundamental aspect i
n the success of shade matching*?® without discussing the capturing protocol applied and the impact on the dail
y practice workflow. This is why the present authors have focused on a multiple application concept using one
single flash system, thereby minimizing overall equipment cost.**

Fluorescence is a form of luminescence. Ambient UV irradiation components, which are present in the sunlight
spectrum (1 nm to 400 nm), are responsible for any fluorescent reaction of both natural tissues and dental rest
orations.*® This process that occurs during the day is apparent in fluorescent substances, showing vitality and
brightness as part of living tissue. Any variation in emission levels is undesirable in the smile frame. Additionall
y, artificial lighting (eg, black light, nightclub settings) will produce the same fluorescence phenomenon and rev
eal possible shade mismatches. As previously discussed, natural dentin is much more fluorescent than enamel
, and fluorescence is related with time and a patient's age. Dental restorative materials should, therefore, mimic
natural structures in terms of shade and optical properties.Finally, practitioners should be able to control fluores
cence, as well as other important optical properties such as metamerism, translucency, and opalescence, in a
straightforward procedure without having to engage numerous devices.

Conclusion

A simplified, time-efficient macro flash illumination set-up using a UV-A 365-nm excitation filter allowing fluores
cence emission and documentation was demonstrated. Such a filter may be easily attached in front of the flash
under normal dental office working conditions in the same manner as standard clinical photography without the
need for a dark room, extended exposure times, and time-consuming set-ups. Based on this approach, docum
entation can take place prior to restoration, during the restorative phase, and postoperatively. In direct adhesiv
e procedures, refining the fluorescence level of the restorative material is necessary for increasing the esthetic
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success rate of composite restorations.
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