
14 DETAILS MATTER

Abstract

The study evaluated the ability of 
real-time detection of bacterial red 
autofluorescence on the surface 
of freshly extracted teeth using a 
fluorescence-based clinical mag-

nification loupes. Four severely affected 
periodontal teeth from two patient were 
extracted by the treating dentist as a part of 
the treatment plan. The teeth were rinsed, 
dried and immediately observed for bacte-
rial autofluorescence in a dark-room with 
fluorescence-dental magnification-loupes 
under a 405nm LED light source. High 
resolution visual documentation of the 
teeth was carried out under white-light 
as well as filtered autofluorescence light 
conditions with a digital camera attached 
to a stereo-microscope. All the extracted 
teeth showed mild-heavy accumulation 
of calculus deposits on their surface. The 
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loss in 1981. In their original setup, a laser 
emitting blue light with a wavelength of 
488nm (50mW) was used to illuminate 
the teeth. To observe the autofluorescence, 
a long-pass filter of 520nm was used to 
block the excitation wavelength, and allow 
transmittance of the fluorescence wave-
lengths.4 Since light entering carious or 
demineralized enamel is scattered a factor 
of 10 more than sound enamel, a dark spot 
with decreased green autofluorescence 
appeared in the demineralized regions.5 
With advances in LED technology offering 
better cost-effectiveness and expanded 
lifespan, the use of LED light sources 
gradually replaced lasers as the preferred 
excitation light source for autofluorescence 
applications.6

In contrast to green fluorescence, mature 
biofilms, calculus, and infected surface on 
failed dental implants, exhibit red fluores-
cence emission which is easily distinguish-
able from its surroundings without the 
additional use of disclosing dye.7-17 The red 
autofluorescence emission is attributed to 
a high content of protoporphyrin IX, a high-
ly fluorescent heme precursor, which was 
shown to accumulate during the bacterial 
proliferation phase.8-16,18 

Fluorescence spectroscopy studies of 
protoporphyrin IX, demonstrated a max-
imum absorption band at about 405nm 
(Sort band), and four smaller Q-bands in 
longer wavelengths of the visible spec-
trum. Its dual emission wavelengths peaks 
at 635nm (orange-red) and 708nm (red) 
respectively.7,14 Early studies about the red 
autofluorescence phenomenon, suggested 
that the use of a 390-420nm light source 
can provide an accurate diagnosis of 

periodontopathic deposits on invisible 
root surfaces.8,13 Additionally, it was found 
that by utilizing a 405nm light source to 
induce bacterial autofluorescence, it was 
possible to distinguish between calculus 
and healthy teeth with significantly higher 
rates of sensitivity and specificity than any 
other method under various experimental 
conditions.17

The purpose of this clinical innovation re-
port was to evaluate the ability of real-time 
hand-free detection of red bacterial autoflu-
orescence on the surface of periodontally 
extracted teeth, using a novel fluores-
cence-based magnification loupe (Reveal®; 
DesignsForVision Inc, NYC, New York, USA) 
equipped with a 405nm LED light source.

Case Presentation
Four severely affected periodontal teeth 
from two patients were extracted by the 
treating dentist as part of a treatment 
plan. The right lower central incisor and 
left lateral incisor in patient A [Fig.1-3.], 
and right lower 1st and 2nd Premolars in 
patient B [Fig.4-6.]. Both patients provided 
their consent for the extracted teeth to be 
used for research purposes. Following the 
extractions, the teeth were rinsed under 
running water to remove blood debris. 
They were dried using compressed air and 
observed immediately in a dark-room with 
fluorescence-dental magnification-loupes. 
(Reveal®; DesignsForVision Inc, NYC, New 
York, USA). 

The loupes are equipped with intrinsic 
optical filters and a light emitting diode 
(LED) in the violet spectrum (405nm) is 
mounted on the frame as a light source. 
[Fig.7.] Both the frame and telescopic lens 

deposits were visible under white-light and 
showed multiple-shades of orange, yellow 
and red under fluorescence conditions. 
A correlation between the depth of the 
deposits and the bacterial red autofluores-
cence emission was observed, and attribut-
ed to high concentration of hemoproteins 
present in subgingival sulcus which is 
utilized by periodontopathic bacteria. 
Additionally, remnants of tooth-colored 
restorative material, enamel microfracture 
and regions of increased demineralization 
(white spot lesions) were detected under 
fluorescence conditions. We concluded that 
hand-free fluorescence technology may 
present an immediate merit for the general 
practitioner by facilitating the possibility 
to conduct simultaneous evidence-based 
diagnostics and therapeutic procedures 
(theragnosis).

Introduction
Fluorescence is a natural photo-chemi-
cal energy exchange process, involving 
the absorption of energetic photons by a 
molecule, followed by its partial emission 
at a longer wavelength. The fluorescence 
emission arising from various intrinsic bio-
molecules within cells and tissues, is called 
auto-fluorescence.1-2 The green and red 
autofluorescence nature of enamel, dentin 
and dental plaque are known for more than 
a century, and were widely reported in the 
past. When excited by energetic light at the 
UV- blue spectrum, healthy teeth naturally 
autofluoresce green, due to the presence of 
endogenous organic components residing 
in the enamel and dentine.3

Sundström and Bjelkhagen laid the theoret-
ical foundations for laser induced autoflu-
orescence for assessment of tooth mineral 
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are coated with protective optical filters, 
which according to the manufacturer block 
approximately 99.9% of the harmful light at 
400nm-450nm while transmitting approx-
imately 50% of light above 500nm. To sim-
ulate daylight view, white-light documen-
tation of the extracted teeth was carried 
out on a black non-reflective photographic 
background, using a 20.3-megapixel APS-C 
CMOS sensor mirrorless camera NX3000 
(Samsung; Seoul, South Korea). The camera 
was fitted with a custom-made adaptor and 
attached to an illuminated white-light stereo 
microscope (AmScope; Irvine, CA, USA) 
with a x10 total magnification (x10 ocular/ 
x1 objective). Immediately after white-light 
documentation, the room was completely 
darkened, and to demonstrate the fluores-
cence view, images were captured with 
a custom-made long-pass filter of 520nm 
attached to the microscope. The extracted 
teeth were positioned approximately 15cm 

from the LED light source of 405nm. White 
light images, as well as fluorescence images 
were captured with the following image 
parameters: ISO 1600, F4.0, 1/20S.

Discussion
Although not considered a primary etiolog-
ical factor in periodontitis, the porous sur-
face of calculus serves as an optimal niche 
for periodontopathic bacterial colonization, 
and contains a variety of endotoxins and 
bacterial antibodies which promote peri-
odontal tissue damage.19-21 Consequently, a 
primary criterion for successful periodon-
tal therapy is the elimination of microbial 
biofilms and calculus deposits. Their 
removal however, requires high discrimi-
nation ability between calculus and tooth 
structure, which may lead to thin deposits 
being overlooked, especially in posterior 
regions.21-22  Additionally, with the process 
being highly technique sensitive, non-dis-

criminative debridement by inexperienced 
operators may lead to iatrogenic damage 
to the periodontium, removal of healthy 
root cementum and persistence of residual 
calculus.19,23

The study confirmed the capabilities of 
fluorescence based clinical magnification 
loupes (Reveal®; DesignsForVision Inc, 
NYC, New York, USA) to clearly distinguish 
between healthy teeth and bacterial red 
autofluorescence on the surface of peri-
odontally extracted teeth. In addition to 
calculus deposit identification, under fluo-
rescence conditions we observed remnants 
of tooth-colored restorative material [Fig. 2, 
yellow arrows], enamel microfracture [Fig. 
3.D, red arrow] and local areas of deminer-
alized regions (white-spot lesions) [ Fig. 5.B, 
Fig.6.B, white arrows].

All the extracted teeth in the study showed 
mild-heavy accumulation of calculus 
deposits on their surface. The deposits 
were visible under white-light and showed 
multiple-shades of orange, yellow and red 
under fluorescence conditions. We attribute 
the heterogenous fluorescence observed 
in our study, to the use of a “direct-view” 
system eliminating the signal enhancement 
bias towards red fluorescence, which was 
observed in studies conducted with quanti-
tative-light-induced fluorescence systems.24

A correlation was observed between the 
depth of the deposit and the bacterial red 
autofluorescence emission. While light-or-
ange and yellow shades dominated the 
coronal regions of the teeth, dark shades 
of red were observed on their apical 
portions. (best viewed on Fig 2.B and 
Fig.6.D.) We attributed the high intensity of 
red autofluorescence in deep deposits, to 
high hemoproteins concentration present 
in the subgingival sulcus and utilized by 
periodontopathic bacteria. Heme (iron-pro-
toporphyrin IX) plays an essential role as a 
growth factor and a virulence regulator for 
bacteria. However, some periodontopathic 
species (e.g. Porphyromonas gingivalis, 
Prevotella intermedia) lack the ability to 
synthesize protoporphyrin IX de-novo and 
therefore exclusively depend upon host-
based heme acquisition which perpetu-
ates periodontal tissue inflammation and 
damage. 25-28

Past studies on bacterial orange autoflu-
oresce, showed the presence of Candida 
albicans and Lactobacilli species. Howev-
er, data on the subject is vastly unknown, 
and further research is needed in order to 
investigate its microbial composition.9,29 

In addition to bacterial autofluorescence, 
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we suggest the contribution of Advanced Glycation End-products (AGEs) to the intense fluorescence we were able to observed on the 
surface of the extracted teeth. AGEs are produced in a non-enzymatic reaction between protein and reducing sugars, and their accumu-
lation has been clearly demonstrated in diabetes, aging and decay products.30 Many AGE products exhibit fluorescence, and especially 
pentosidine, with a partial overlapping emission spectrum to protoporphyrin IX.31 Since AGE products have been associated with a 
variety of pro-inflammatory conditions and interaction with Porphyromonas gingivalis,32  it would be very likely fluorescent molecules 
deposit on the surface of periodontally affected teeth.

Conclusion
We concluded that the use a hand-free fluorescence technology for identification of bacterial red autofluorescence may present an imme-
diate merit for the general practitioner by facilitating the possibility to conduct simultaneous diagnostics and therapeutics procedures 
(theragnosis). In addition to calculus deposit identification, the use of fluorescence technology may aid in identification of tooth-colored 
restorative material, enamel microfractures and white-spot lesions. We also concluded limited knowledge is currently available regard-
ing the nature of the autofluorescence interactions and we hope further investigations on the subject would help shed light on its future 
applications.
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Figure Legends
Figure 1.  Digital Orthopantomography constructed from patient’s A mandibular computed tomography. Scale specified in mm
Figure 2.  Tooth #41 (A) white-light labial view (B) filtered autofluorescence image at an excitation of 405nm (C) white-light distal view (D) filtered autofluorescence image at an 
 excitation of 405nm (Yellow arrows) tooth color restorative material
Figure 3.  Tooth #32; (A) white-light mesial view (B) filtered autofluorescence image at an excitation of 405nm (C) white-light distal view (D) filtered autofluorescence image at an 
 excitation of 405nm (Red arrow) enamel microfracture
Figure 4.  Digital Orthopantomography of patient B
Figure 5.  Tooth #44 (A) white-light labial view (B) filtered autofluorescence image at an excitation of 405nm (C) white-light mesial view (D) filtered autofluorescence image at an 
 excitation of 405nm (White arrows) areas of demineralized tissue
Figure 6.  Tooth #45 (A) white-light mesial view (B) filtered autofluorescence image at an excitation of 405nm (C) white-light mesial view (D) filtered autofluorescence image at an 
 excitation of 405nm (White arrows) areas of demineralized tissue
Figure 7.  Fluorescence based dental magnification loupes, equipped with a 405nm LED light source.
 (Reveal®; DesignsForVision Inc, NYC, New York, USA).
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