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ABSTRACT. Introduction: tooth decay has become one of the most prevalent diseases worldwide, but ironically it is one of
the most neglected. Currently, adequate and effective caries treatment is based on early diagnosis and procedures such as
sealants, crowns, and root canal treatment. Methods: This study examined the behavior of carious and non-garious areas of
critical dental units (premolars and molars) subjecting them to a wavelength of 830 nm in adult humans who agreed to a
dental exam and had at least one tooth affected by dental caries. Underage persons and patientsiin medical treatment were
excluded. After finding a behavior that helped differentiate decayed tissue from healthy areas, the used experimental system
was characterized and tested in volunteers. The implemented system contains a fiber opticisensor comprised of a trifurcated
fiber and a photodetector to perform optical power measurements. Results: This Sensor detected 200% of dental caries
samples on premolar and molar occlusal surfaces. It also showed the ability to'diagnose buccal cavities. Conclusions: The

results showed that caries can be identified in dental units by means of a fiber optic sensor and’infrared light at 830 nm.
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INTRODUCTION

Caries is a complex process of multifactorial origin affecting dental tissues. This condition causes the
destruction of dentine when the dynamic process of demineralization and constant remineralization is
altered by the excess production of acids, in combination with other virulence factors of cariogenic
microorganisms.™ % 3 The first visual manifestation of this disease is an opacity or discoloration of the
enamel that, if left untreated, produces cavities and affects other dental tissues.* Untreated. caries can
make eating and sleeping difficult, have an impact on children’s growth, and is the main cause of'school

and work absenteeism.*

Tooth decay is the most widespread chronic disease worldwide, representing a major public health
challenge. Current data show that untreated caries in permanent teeth has a glebal prevalence (averaging
all ages) of 40%.° in Colombia, caries has a prevalence of 55.82% of the population with permanent
dentition; however, if early cases are included, this figure incréases t0)78.97%.° In consequence, the
Ministry of Health and Social Protection of the Government of Celombia recommends developing and

promoting different lines of research in oral health based on the country’s realities.’®

Despite technological advances, conventional clinical examination remains the most widely used and
reliable diagnostic method for dental caries,’”® The oral evaluation procedure is based on tactile
exploration with tools and the dentist’s visual perception.®> These highly subjective methods can
potentially lead to faults in cariesudetection;-including false positives, and cause patient discomfort.
Science and engineering have provided dentistry with new diagnostic tools, such as X-rays, the dye
method, the electrical conductance “method, and a wide range of optical methods: fiber optic
transillumination (FOTI), digital imaging fiber optic transillumination (DIFOTI), and light- or laser
induced fluorescence. X-rays alone allow the diagnosis of proximal caries but are not a reliable method
for occlusal cafies detection.? Caries-detector dyes help differentiate healthy dentin from decalcified
dentin;. although “several studies have questioned their effectiveness in recent years.® Electrical
conductance methods are based on the concept that measurements in areas with caries are significantly
more sensitive than in caries-free zones, mainly in the differentiation of healthy enamel and carious
dentin. They have proven to be more effective than radiographic or transillumination methods in the
detection of occlusal caries lesions.'® ** But due to the diversity of depths, the mineral content of enamel
and the morphology of occlusal surfaces, adequate data interpretations are generally hindered, mistaking

areas of healthy enamel with demineralized areas.** ** The optical methods claim that when a tooth is
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illuminated, the light can be absorbed by the dental organ, or get dispersed. These two processes can be
altered by changes in the external/internal structure of the tooth.® Transillumination with fiber optics in
all its forms is based on the fact that light propagates from a light source to the tooth through optical
fibers and must be intense enough to traverse tooth structure. The transillumination method has been
recommended to detect proximal and occlusal cavities.***® Acquiring and processing images through
fiber optic transillumination to increase sensitivity using software is known as digital imaging, fiber optic

transillumination.®

Light- or laser induced fluorescence is based on the principle that changes induced in‘the dental structure
by the caries process lead to an increase in fluorescence when specific wavelengths are’applied.'” This
method has been successfully used in the detection of lesions on flat teeth surfaces but its use in occlusal
sides has not been sufficiently demonstrated. However, it seems to be very promising.'®

Taking into account the state of the art and the recommendation by the-Colombian Government, this
study sought to examine the behavior of carious and non-carious areas of vital teeth by submitting them
to infrared light of 830 nm. It also assesses the effectiveness of this wavelength to diagnose dental
caries, with the objective of exploring new perspectivesuin the creation of more effective detection
devices. In finding a behavior to differentiate carious lesions from healthy areas, this study characterized
the system used to detect tooth decay. In the,suggested system, the infrared light is conducted through a
trifurcated optic fiber to reach the teeth, and, thanks to the derived branches, the reflected signal is

received and brought to an infrared light'sensor.

METHODS

The study. sample included 167 vital dental units from human beings aged 18 to 60 years who admitted
to a dental examination and had at least one dental caries. Underage individuals and patients in medical
treatment were excluded. The test population was the administrative staff of Universidad Popular del
Cesar.

This study sought to examine the behavior of carious and non-carious areas by submitting them to
infrared light of 830 nm. After finding a behavior that helped differentiate carious lesions from healthy
areas, the system was characterized to detect tooth decay. The procedure used an experimental assembly

provided with an optic fiber sensor and infrared light with which optical power measurements were
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acquired from each dental unit. The sampling process was performed on teeth from patients who had
previously been diagnosed with cavities by a professional dentist. Each sample was cleaned and dried,
trying to maintain that state during measurements, which were performed by a person calibrated in the
identification of dental caries and in the handling of optical fibers. The occlusal and buccal areas of the
subjects’ complete denture were preliminarily characterized in order to determine the levels of reflected
power of the assembly made for a healthy tooth and a decayed tooth, according to their\classification
and shape. Once these levels of power were established, the hypothesis was tested in five patients. This
study complies with the Declaration of Helsinki'® for research on humans and with the terms set forth in

Resolution 8430 of the Ministry of Social Protection.?

The experimental assembly is composed of a fiber optic sensor using a Newport/Oriel model 77536
trifurcated fiber which is flexible enough to easily lead infrared light to the teeth. It also consists of a
Newport optical table provided with supporting tools to connect an, infrared LED (IR LED) with
wavelength 830 nm to one of the three branches of the trifurcated fiber. The infrared LED belongs to a
Newport Laser Diode-Led Driver Model N° FK-DRV.?:# |ts two branches are connected by the same
method to a Newport Model 1815 Power Meter-C. An 818-SL silicon photodetector was used with a
dimmer. The free, unbranched end is used to bring infrared radiation to the teeth as a probe. Figure 1

shows the implemented configuration.

LED infrarrojo Diente

Fibra éptica
trifurcada

Fotodetector

Figure 1. Experimental assembly

[Translation of the Figure. Left to Rigth: Infrared LED — Photodetector — Tooth - trifurcated optic fiber]
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Once in operation, the assembly brings infrared light through the fiber’s assigned branch to the
unbranched end impacting the tooth. At the same time, the radiation reflected by the dental unit is
received and transported to the branched ends. The branched ends lead the reflected light to the power
meter to establish intensity. In order to obtain results with very significant magnitudes, all the tests and
detections were performed with the Newport Laser Diode-Led Driver at maximum power. In this article,

averaged values were taken for all variables measurements.
Optical and electrical characteristics of the implemented optical fiber sensor

As a fiber optic sensor was implemented, it was necessary to know its operating ranges. The values of
the optical power parameters emitted by the IR LED, the power transmitted by the optical fiber, and the
current intensity were obtained after selecting the maximum power of the Newport Laser Diode-Led
Driver Model N° FK-DRYV as operation current for all tests. Obtaining these variables’ values will help
reproduce this experimental system in future studies or verify the achieved-results. The fiber optic sensor
operation characteristics can be seen in table 1. Figure,2a shows.the process of measuring the power
emitted by the IR LED and Figure 2b shows the process of acquiring the magnitude of the infrared

power transmitted by the sensor.

Table 1. Opticalfiber sensor operation features

Operating optical and electrical features of the fiber optic sensor
Parameter Value | Unit
Operating current 100.3 Ma
Optical poweremitted by the IR LED 1.814 Mw
Infrared power transmitted by the sensor 1.386 Mw
Transmitted optical power efficiency 76.41%
Maximum reflected power 228 MW
Reflected infrared light conduction efficiency 81.72%
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(b)
Figure 2. a) Process for measuring the optical power emitted by the IR LED, b).Process for measuring the infrared power

transmitted by the optical fiber sensor

In order to determine infrared light conduction efficiency, measurements of power reflected by a mirror
with and without the sensor were carried out. The reflected power without the sensor between the IR
LED and the power meter was 279 pW (this measurement is shown in Figure 3a). When the sensor was
added, in the same operating current,a/reflected power of 228 UW was obtained (the process is
illustrated in Figure 3b). Based. on these measurements, the reflected infrared light conduction

efficiency, which is also referred to,intable-1, was calculated.

()

Figure 3. a) Reflection without fiber optic sensor; b) Reflection with fiber optic sensor.
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Finally, after measuring the operation characteristics of the fiber optic sensor, the system was tested in

live teeth samples to determine any type of behavior that would help establish the presence of caries.

RESULTS AND DISCUSSION
Preliminary test on live teeth and characterization of sensor performance

Sampling was performed only in the vestibular, incisal, and occlusal areas of the teeth of a volunteer
patient who previously received a dental caries diagnosis by an oral health professional. In attempting to
sample the lingual area, the fiber was at risk of suffering a superflexion that could harm the tongue.
Therefore, the lingual area was not sampled. The sampling process is shown, in Figure 4a. In addition,
full denture sampling helped determine eigenvalues for common elements-‘in the treatment of oral
diseases such as amalgams and resins. Bearing in mind that teeth shape would influence the values of
powers to be measured, these were stored by the FDI dental notation,”® which would allow the analysis
per tooth type. To facilitate understanding of this article, the FDI notation is shown in Figure 4b. In
comparing the measurements obtained with the”oral diagnosis, caries detection thresholds were
established on the occlusal, incisal and vestibular 'surfaces. The reflected power measurements are

shown in tables 2 and 3.

UPPER RIGHT

UPPER LEFT
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s

= Q00

2 4131 2

(b)

Figure 4. a) sampling process, b) FDI dental notation.
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Table 2. Power in the vestibular area

Vestibular surface

Type of Molars Premolars | Canine Incisors Canine | Premolars Molars
Upper tooth
maxillary Tooth 18 | 17 16 15 14 13 12 11 21 22 23 24 25 26 27 | 28
Power (uW) 20.8 | 21.3 | 183 | 17.8 19.5 22 22 | 185 | 20.8 19.8 18.9 | 195 | 20.5 | 19.7
T'B(/)F:)ir?f Molars Premolars | Canine Incisors Canine | Premolars Molars
Mandible Tooth 48 [ 47 | 46 | 45 | 44 43 42 | 41 | 31 | 32 33 34 | 35 | 36 | 37 | 38
Power(uW) 194 ] 20 | 191 | 19 21.4 224 | 214 | 21.3 | 21.8 21.4 199 | 18 18 19
Table 3. Power in the incisal and occlusal areas
Incisal and occlusal surfaces
Type of tooth Molars Premolars | Canine Incisors Canine | Premolars Molars
Upper maxillary Tooth 18 17 16 15 14 13 12 11 | 21 | 22 23 24 25 26 27 28
Z‘:“’,“’,‘;; 114 | 76 |115| 12 | 105 |87 |84 90}82)| 101 | 127|128 |11.9 | 89
Type of tooth Molars Premolars | Canine Incisers Canine | Premolars Molars
. Tooth 48 | 47 46 45 44 43 42 | 41 | 31 32 33 34 35 36 37 | 38
Mandible Power
(;?w‘;) 107 (121 | 11 | 11.8| 61 (65|71 |68 |70]| 77 13 | 115 | 10.2 | 10.2

The dental diagnosis of the patient yielded the following results: caries in the left upper molar 27, an
amalgam in the right upper molar "16; a white“resin in the lower right molars 36 and 37, and a
reconstruction of the left upper ingisor 21.:Molars 18, 28, 38 and 48 were not present in the patient.

Based on this information, the measurements made with the sensor were analyzed.

The obtained measurements showed that the levels of reflected power vary according to the geometry of
the dental unit and thesexisting area for infrared light exposure. Therefore, the analysis of the results was
performed per dentaliareas 'and according to teeth typology. The vestibular areas, regardless of tooth
type, reflect mare uniform levels of infrared power. It should be noted that, because of their size, incisor
teeth” (dental unit 12, 11, 22, 42, 41, 31 and 32 in Table 2) reflect higher power levels. The same
situation was. observed in measuring incisal and occlusal areas: the power reflected by the premolars and

molars was higher than that reflected by the incisors and canines (see differences in Table 3).

The power levels reflected in healthy incisors of incisal areas are lower than those in occlusal areas of
premolars and molars. Similarly, in the incisal area, the upper canines reflect higher levels than the
lower canines (see teeth 13, 23, 43 and 33 in Table 3).
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It can be seen (Table 3) that dental unit 27, with caries in its occlusal area, reflected 8.9 uW, while the
other healthy bicuspids and molars reflected more than 10 uW. This observation demonstrates that the
behavior shown by extracted dental units is also shown in living dental units. This behavior can be used
to determine the presence of cavities. In short, caries-related areas reflect less infrared power than

healthy areas.

Amalgams, because of their physical properties (color), reflect much lower levels than healthy teeth, to
the point of coinciding with caries-specific values (see tooth 16 in Table 3). Resins reflect power levels
very close to the levels of healthy areas (see molars 36 and 37 in Table 2 with respect.to adjacent healthy

molars).

Quantitatively, it is evident that, on the vestibular surface, healthy teeth reflect power levels above 17
MW. On the other hand, the levels measured in healthy incisal surface segments show differences per
tooth type: the incisors present powers greater than or equal to 6.5 uW, while the canines reflect powers
greater than 6 uW. On the occlusal surface, the bicuspids and caries of the molars reflect powers greater
than or equal to 11 uW. Therefore, caries thresholds,‘as shown in Table 4, were determined for the

assembled system and used in the additional tests with patients.

Table 4. Diagnostic thresholds of dental caries

Vestibular surface 0-17 pw

Incisal surface Incisors 0-6.4 pwW
Canines 0-6 pW

Occlusal surface’| Premolars and molars | 0-10.9 yW

Caries detection in volunteers

Given the low number:of ‘caries samples in lingual, buccal and interproximal areas, the tests in patients
were mostly focused on occlusal areas. The verification of the proposed caries diagnostic thresholdswas
performed’in 5 additional patients who had been diagnosed with dental caries by their dentists. The 6
patients, including the volunteer of the preliminary test, offered 167 experimental dental units, of which
11 corresponded to carious teeth diagnosed by the visual-tactile method. The fiber optic sensor detected
100% of caries previously diagnosed by dentists. The detections in all samples made in decayed units
with their respective measurements are displayed in Table 5. Healthy teeth reflected power levels higher

than the suggested thresholds.
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Table 5. Caries detection in volunteers.

Caries Sensed optic

Sample | Location in dental area type power Lépper thre_shold of | Presence .Of

(W) ental caries (UW) | dental caries
1 Buccal Moderate 14 17 Positive
2 Buccal Moderate 11 17 Positive
3 Occlusal Incipient 10 10.9 Positive
4 Occlusal Incipient 10.5 10.9 Positive
5 Occlusal Incipient 10.2 10.9 Positive
6 Occlusal Moderate 7.6 10.9 Positive
7 Occlusal Moderate 8 10.9 Positive
8 Occlusal Moderate 8 10.9 Positive
9 Occlusal Moderate 9 10.9 Positive
10 Occlusal Moderate 6 10.9 Positive
11 Occlusal Moderate 8 10.9 Positive

During the tests, patients expressed discomfort in their teeth under resins in occlusal areas, which were
not detected by the dentist or the system. This raises questions—which-must be addressed in further

studies—regarding the penetration depth of infrared radiation in teeth.

CONCLUSIONS

This study showed differences between, the power levels reflected by carious and non-carious areas,
helping establish the presence of dental caries. Although the oral conditions to which teeth are subjected
vary from one individual to another,the system and the suggested diagnostic thresholds of caries meet
the desired expectations. The approach used proved to be effective and practical, and might help
minimize costs. The implemented sensor detected 100% of caries in the occlusal areas where it was
tested. Of course, tests for, caries diagnostic thresholds that were not tested because they were not
present in patients should be the subject of further studies. In addition, this system needs further studies
to find methods to differentiate the reflected powers of amalgams, resins and decayed areas. This will
lead to accurate detections, avoiding false positives. In the same way, there are pending questions about
the depth of penetration of infrared radiation in teeth and the possible induced infrared fluorescence
caused by radiating a carious zone with infrared light with wavelength of 830 nm. These phenomena

were not analyzed in this work.

Rev Fac Odontol Univ Antiog. Vol. 29 N° 2. First Semester, 2018. Epub ahead of print



TOOTH DECAY DETECTION USING A FIBER OPTIC SENSOR

ACKNOWLEDGMENTS

The authors thank Universidad Popular del Cesar for supporting this research project. They also thank
dentist Laura Torres for the extracted dental pieces donated for this study.

CONFLICTS OF INTEREST

The authors declare that they have no conflict of interest.

CORRESPONDING AUTHOR

Eberto Benjumea Mendoza

(+57) 301 291 24 43

elbenjumea@unicesar.edu.co

Salida a Patillal, Balneario Hurtado, Universidad Popular. del Gesar, Laboratorio de Optica e Informatica

Valledupar, Colombia

REFERENCES

1. Gutiérrez S. Fundamentos de ciencias basicas aplicadas a la odontologia. Bogota: Pontificia

Universidad Javeriana;»2006.

2. Summitt J,oRobbins J, Schwartz R, Hilton T. Fundamentals of operative dentistry: a

contemporary approach. 3 ed. Hanover Park, IL: Quintessence Publishing Co; 2006.

3. ‘Dikmen B. lcdas Il criteria (international caries detection and assessment system). J Istanb Univ
Fac Dent. 2015; 49(3): 63-72. DOI: https://doi.org/10.17096/jiufd.38691

4. Heymann H, Swift E JR, Ritter A. Sturdevanant’s art and science of operative dentistry. St.
Louis: Mosby Elsevier; 2006.

5. Federacion Dental Internacional (FDI). El desafio de las enfermedades bucodentales: una

Ilamada a la accion global: atlas de salud bucodental. 2 ed. Brighton, RU: Myriad; 2015.

Rev Fac Odontol Univ Antiog. Vol. 29 N° 2. First Semester, 2018. Epub ahead of print



TOOTH DECAY DETECTION USING A FIBER OPTIC SENSOR

10.

11.

12.

13.

14.

15.

16.

17.

Colombia. Ministerio de Salud y Proteccién Social. 1V estudio nacional de salud bucal: situacion

de salud bucal. Bogota: Disefium Tremens; 2014.

Ferreira A, Zero DT. Instrumentos diagnosticos para la deteccidn precoz de caries. J Am Dent
Assoc. 2007; 2(2): 89-95

Carrillo C. Diagndstico de lesiones incipientes de caries ¢Es este el futuro de laodontologia?
Rev ADM. 2010; 67(1): 13-20.

Cedillo J, Trevifio E. Tecnologia en el diagnostico de caries. Rev ADM. 2007;.64(5): 211-214.

Ten-Bosch J. Light scattering and related methods in caries diagnosis. En: Stookey G. Early
detection of dental caries: proceedings of the 1st. annual Indiana:Conference. Indianapolis:
Indiana University; 1996. p. 81-90.

Kidd E, Fejerskov O. Dental caries, the disease and its clinical management. Oxford, Reino
Unido: Blackwell Munsgaard; 2003.

Kidd E. Essentials of dental caries. The disease and-its management. 3 ed. New York: Oxford
University Press Inc; 2005.

Henostroza-Haro G. Caries dental: principios y procedimientos para el diagnostico. Lima:
Universidad Peruana Cayetano Heredia; 2007.

Parker P, Fan P, O’Brien W, Brooks S. Detection of enamel demineralization with
transillumination. Clin'Prev Dent. 1987; 3(3): 12-14.

Gwinnett J,<A comparison of proximal carious lesions as seen by clinical radiography, contact
microradiography‘and light microscopy. J Am Dent Assoc. 1971; (83)5: 1078-1080.

Lussi A, \Firestone A, Schoenberg A, Hotz P, Stich H. In vivo diagnosis of fissure caries using a
new . electrical resistance monitor. Caries Res. 1995; 29(2): 81-87. DOI:
https://doi.org/10.1159/000262046

Hibst R, Gall R. Development of a diode laser-based fluorescence caries detector. Caries Res.
1998; 32(4): 294.

Rev Fac Odontol Univ Antiog. Vol. 29 N° 2. First Semester, 2018. Epub ahead of print



TOOTH DECAY DETECTION USING A FIBER OPTIC SENSOR

18. De-Josselin-de-Jong E, Sunstrom F, Westerling H, Tranaeus S, Ten-Bosch J, Angmar-Mansson
B. A new method for in vivo quantification of changes in initial enamel caries with laser
fluorescence. Caries Res. 1995; 29(1): 2-7. DOI: https://doi.org/10.1159/000262032

19. Asociacion Medica Mundial. Principios éticos para las investigaciones médicas en seres

humanos. Declaracion de Helsinki. Finlandia: Asociaciéon Médica Mundial; 1964.

20. Colombia. Ministerio de Salud. Resolucion 8430 de 1993: por la cual se establecen las normas

cientificas, técnicas y administrativas para la investigacion en salud. Bogota: Minsalud;,1993.

21. Suarez N, Castellanos R, Vargas R, Mattos L, Torres C. Estimacién de/pérdidas de potencia en

enlaces con fibras Opticas. Revista Colombiana de Fisica. 2004; 36(2).-353-357

22. Newport Corporation. Projects in fiber optics [Internet]. New York: Newport Corporation; 1986.
Avalaible in:
https://www.newport.com/medias/sys_master/images/images/h56/hc4/8972899581982/NWP-
FO-Projects-TOC.pdf

23. Castejon |, Magan R, Garcia C. Sistema de:notacion dentaria. Odontol Pediatr. 2001; 9(3): 126-
128.

Rev Fac Odontol Univ Antiog. Vol. 29 N° 2. First Semester, 2018. Epub ahead of print



