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Chapter 5

LIGHT-BASED OPTICAL DIAGNOSTIC METHODS FOR 
DENTAL AND ORAL SOFT TISSUES

Özlem AKKEMİK1

INTRODUCTION

The clinical need for a sensitive imaging tool for non-invasive assessment of 
intraoral dental conditions remains high. Several innovative technologies have 
been developed over the last decade that can be used as diagnostic adjuncts to 
help detect oral diseases early and to treat cases preventively. Optical diagnostic 
methods are highly attractive in biological applications because they are non-
destructive, safe, non-invasive, non-ionizing imaging systems that provide real-
time information with high reproducibility. Diffuse optical techniques allow for 
the distinction between diseased and normal states of the tissue based on the 
absorption and scattering properties in the red to near-infrared spectrum. The 
selected tissues are distinguished based on their fluorescence emission, absorption 
and scattering properties.

This chapter describes various technologies that can be used to assist dentists 
in detecting the early stages of changes in oral soft or dental tissues, assessing 
the activity of detected lesions, and quantitatively or qualitatively monitoring the 
lesion over time.

OPTICAL DIAGNOSTIC TECHNIQUES FOR ORAL SOFT TISSUES

Oral cancer is among the leading causes of death from cancer worldwide and is 
usually associated with the presence of white or red lesions in the oral cavity that 
may be painless.1 A majority of oral cancers are squamous cell carcinomas (SCCs) 
that arise from the epithelial cells at the surface of the oral cavity.2 The prognosis 
is strongly dependent on the stage of the tumor at the time of diagnosis.

Despite the importance of conventional physical examination of adult dental 
patients, it is noted that extra aid may be helpful in distinguishing between 
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primary screening tool. Emerging optical techniques are envisaged to evolve with 
the incorporation of AI-based algorithms for the diagnosis of mucosal lesions and 
dental pathologies.

REFERENCES
1. Jain S, Jain K, Bais PS, et al. Role of Fluorescence Imaging Device in Screening of Oral 

Cancer: A Cross-Sectional Study in Chhattisgarh Population. Indian J Community 
Med. 2021; 46(4), 622-625. doi: 10.4103/ijcm.IJCM_987_20.

2. Markopoulos, A.K. Current aspects on oral squamous cell carcinoma. Open Dent. J. 
2012, 6, 126.

3. De Veld DC, Witjes MJ, Sterenborg HJ, et al. The status of in vivo autofluorescence 
spectroscopy and imaging for oral oncology.  Oral Oncol. 2005; 41(2), 117-131. 
doi:10.1016/j.oraloncology.2004.07.007

4. Giovannacci I, Magnoni C, Vescovi P, et al. Which are the main fluorophores in skin and 
oral mucosa? A review with emphasis on clinical applications of tissue autofluores-
cence. Arch Oral Biol. 2019; 105, 89-98. doi:10.1016/j.archoralbio.2019.07.001

5. Chaturvedi P, Majumder SK, Krishna H, et al. Fluorescence spectroscopy for nonin-
vasive early diagnosis of oral mucosal malignant and potentially malignant lesions. J 
Cancer Res Ther. 2010; 6(4), 497-502. doi:10.4103/0973-1482.77097

6. Khanna, R. Fluorescence diagnostics: A forthcoming non-invasive screening adjunct in 
oral cancer. J. Res. Med. Dent. Sci, 2016; 4, 79-82.

7. Lingen MW, Kalmar JR, Karrison T, et al. Critical evaluation of diagnostic aids for the 
detection of oral cancer.  Oral Oncol. 2008; 44(1), 10-22. doi:10.1016/j.oraloncolo-
gy.2007.06.011

8. Lane PM, Gilhuly T, Whitehead P, et al. Simple device for the direct visualization of 
oral-cavity tissue fluorescence. J of Biomed Optics 2006; 11(2), 024006-024006.

9. Sharma A, Sharma A, Bansal AK, et al. To Evaluate the Efficacy of Tissue Autofluores-
cence (Velscope) in the Visualization of Oral Premalignant and Malignant Lesions 
among High-Risk Population Aged 18 Years and Above in Haroli Block of Una, Hi-
machal Pradesh. J Int Soc Prev Community Dent. 2022; 12(3), 365-375. doi:10.4103/
jispcd.JISPCD_22_22

10. Rashid A, Warnakulasuriya S. The use of light-based (optical) detection systems as 
adjuncts in the detection of oral cancer and oral potentially malignant disorders: a 
systematic review. J Oral Pathol Med. 2015; 44(5), 307-328. doi:10.1111/jop.12218

11. Koch FP, Kaemmerer PW, Biesterfeld S. Effectiveness of autofluorescence to identify 
suspicious oral lesions–a prospective, blinded clinical trial. Clin. Oral Investig. 2011; 
15, 975–982.

12. Jermyn M, Desroches J, Aubertin K, et al. A review of Raman spectroscopy advances 
with an emphasis on clinical translation challenges in oncology. Phys Med Biol. 2016; 
61(23), R370-R400. doi:10.1088/0031-9155/61/23/R370

13. Gorpas D, Davari P, Bec J, et al. Time-resolved fluorescence spectroscopy for the di-
agnosis of oral lichen planus. Clin Exp Dermatol. 2018; 43(5), 546-552. doi:10.1111/
ced.13404

14. Maryam S, Nogueira MS, Gautam R, et al. Label-Free Optical Spectroscopy for Early 
Detection of Oral Cancer. Diagnostics (Basel). 2022; 12(12), 2896. doi:10.3390/diag-
nostics12122896



Current Dental Studies III

- 88 -

15. Moro A, De Waure C, Di Nardo F, et al. The GOCCLES® medical device is effective in 
detecting oral cancer and dysplasia in dental clinical setting. Results from a multicentre 
clinical trial.  Acta Otorhinolaryngol Ital. 2015; 35(6), 449-454. doi:10.14639/0392-
100X-922

16. Schwendicke F, Samek W, Krois J. Artificial Intelligence in Dentistry: Chances and 
Challenges. J Dent Res. 2020; 99(7), 769-774. doi:10.1177/0022034520915714

17. Uthoff RD, Song B, Sunny S, et al. Point-of-care, smartphone-based, dual-modality, 
dual-view, oral cancer screening device with neural network classification for low-re-
source communities.  PLoS One. 2018; 13(12), e0207493. Published 2018 Dec 5. 
doi:10.1371/journal.pone.0207493

18. Song B, Sunny S, Uthoff RD, et al. Automatic classification of dual-modalilty, smart-
phone-based oral dysplasia and malignancy images using deep learning. Biomed Opt 
Express. 2018; 9(11), 5318-5329. doi:10.1364/BOE.9.005318

19. Aljohani S, Fliefel R, Brunner TF, et al. Fluorescence-guided surgery for osteoradione-
crosis of the jaw: a retrospective study. J Int Med Res. 2022; 50(6), 3000605221104186. 
doi:10.1177/03000605221104186

20. Epstein JB, Gorsky M, Lonky S, et al. The efficacy of oral lumenoscopy (ViziLite) 
in visualizing oral mucosal lesions.  Spec Care Dentist. 2006; 26(4), 171-174. 
doi:10.1111/j.1754-4505.2006.tb01720.x

21. Kerr AR, Sirois DA, Epstein JB. Clinical evaluation of chemiluminescent lighting: an 
adjunct for oral mucosal examinations. J Clin Dent. 2006; 17(3), 59-63.

22. Messadi DV, Wilder-Smith P, Wolinsky L. Improving oral cancer survival: the role of 
dental providers. J Calif Dent Assoc. 2009; 37(11), 789-798.

23. Chaudhry A, Manjunath M, Ashwatappa D, et al. Comparison of chemiluminescence 
and toluidine blue in the diagnosis of dysplasia in leukoplakia: a cross-sectional 
study. J Investig Clin Dent. 2016; 7(2), 132-140. doi:10.1111/jicd.12141

24. Mehrotra R, Singh M, Thomas S, et al. A cross-sectional study evaluating chemilumi-
nescence and autofluorescence in the detection of clinically innocuous precancerous 
and cancerous oral lesions J Am Dent Assoc. 2010; 141(2), 151-156. doi:10.14219/jada.
archive.2010.0132

25. Coll Y, Geddes A, Thomson E. The light at the end of the tunnel? Can light-based tests 
increase the accuracy of our diagnoses of pre-cancerous/cancerous lesions?. Evid Ba-
sed Dent. 2022; 23(1), 16-17. doi:10.1038/s41432-022-0252-0

26. Lingen MW, Abt E, Agrawal N, et al. Evidence-based clinical practice guideline for the 
evaluation of potentially malignant disorders in the oral cavity: A report of the Amer-
ican Dental Association. J Am Dent Assoc. 2017; 148(10), 712-727.e10. doi:10.1016/j.
adaj.2017.07.032

27. Marmaneu-Menero A, Iranzo-Cortés JE, Almerich-Torres T, Ortolá-Síscar JC, Mon-
tiel-Company JM, Almerich-Silla JM. Diagnostic Validity of Digital Imaging Fi-
ber-Optic Transillumination (DIFOTI) and Near-Infrared Light Transillumination 
(NILT) for Caries in Dentine. J Clin Med. 2020; 9(2), 420. doi:10.3390/jcm9020420

28. Schneiderman A, Elbaum M, Shultz T, et al. Assessment of dental caries with Digital 
Imaging Fiber-Optic TransIllumination (DIFOTI): in vitro study. Caries Res. 1997; 
31(2), 103-110. doi:10.1159/000262384

29. Young DA, Featherstone JD. Digital imaging fiber-optic trans-illumination, F-speed 
radiographic film and depth of approximal lesions. J Am Dent Assoc. 2005; 136(12), 
1682-1687. doi:10.14219/jada.archive.2005.0111



Current Dental Studies III

- 89 -

30. Rodrigues JA, Huq I, Neuhaus KW, Lussi A. Light-emitting diode and laser fluores-
cence-based devices in detecting occlusal caries. J Biomed Opt. 2011;16(10), 1-5.

31. Patel SA, Shepard WD, Barros JA, Streckfus CF, Quock RL. In vitro evaluation of Mid-
west Caries ID: a novel light-emitting diode for caries detection. Oper Dent. 2014;3 
9(6), 644-651. doi:10.2341/13-114-L

32. Strassler HE., Sensi LG. Technology-enhanced caries detection and diagnosis, Com-
pend Contin Educ Dent. 2008;29(8), 464-465.

33. Diniz MB, Eckert GJ, González-Cabezas C, Cordeiro Rde C, Ferreira-Zandona AG 
(2016) Caries detection around restorations using ICDAS and optical devices. J Esthet 
Restor Dent 28:110–121

34. Aktan AM, Cebe MA, Ciftc¸i ME, & Sirin Karaarslan E. A novel LED-based device for 
occlusal caries detection. Lasers Med Sci. 2012; 27(6), 1157-1163.

35. Neuhaus KW, Ciucchi P, Rodrigues JA, Hug I, Emerich M, Lussi A. Diagnostic perfor-
mance of a new red light LED device for approximal caries detection. Lasers Med Sci. 
2015; 30(5), 1443-1447. doi:10.1007/s10103-014-1607-3

36. Diniz MB, Boldieri T, Rodrigues JA, et al. The performance of conventional and fluo-
rescence-based methods for occlusal caries detection: an in vivo study with histologic 
validation. J Am Dent Assoc, 2012; 143, 339-350.

37. Amaechi BT, Owosho AA, Fried D. Fluorescence and Near-Infrared Light Transillu-
mination. Dent Clin North Am. 2018; 62(3), 435-452. doi:10.1016/j.cden.2018.03.010

38. Angmar-Mansson, B.; ten Bosch, J.J. Quantitative light-induced fluorescence (QLF): 
A method for assessment of incipient caries lesions. Dentomaxillofac. Radiol, 2001; 
30, 298–307.

39. Fried D, Glena RE, Featherstone JD, Seka W. Nature of light scattering in dental enam-
el and dentin at visible and near-infrared wavelengths. Appl Optics, 1995; 34(7), 
1278–1285.

40. Hirbst R, Paulus R, Lussi A. Detection of occlusal caries by laser fluorescence: Basic 
and clinical investigations. Medical Lase Application, 2001; 16(3), 205-213

41. Lussi A, Hibst R, Paulus R. DIAGNOdent: an optical method for caries detection. J 
Dent Res. 2004; 83 Spec No C:C80-C83. doi:10.1177/154405910408301s16

42. Karlsson L. Caries Detection Methods Based on Changes in Optical Properties be-
tween Healthy and Carious Tissue. Int J Dent, 2010; 270729. doi:10.1155/2010/270729

43. Pretty IA, Ellwood RP. The caries continuum: opportunities to detect, treat and mon-
itor the re-mineralization of early caries lesions.  J Dent. 2013;41 Suppl 2:S12-S21. 
doi:10.1016/j.jdent.2010.04.003

44. Abrams TE, Abrams SH, Sivagurunathan KS, et al. In Vitro Detection of Caries Around 
Amalgam Restorations Using Four Different Modalities. Open Dent J. 2017; 11, 609-
620. doi:10.2174/1874210601711010609

45. Melo M, Pascual A, Camps I, et al. In vivo study of different methods for diagnosing 
pit and fissure caries. J Clin Exp Dent. 2015; 7(3), e387-91. doi: 10.4317/jced.52347.

46. Ahrari F, Akbari M, Mohammadi M, Fallahrastegar A, Najafi MN. The validity of la-
ser fluorescence (LF) and near-infrared reflection (NIRR) in detecting early proximal 
cavities. Clin Oral Investig. 2021; 25(8), 4817-4824. doi:10.1007/s00784-021-03786-y

47. Gomez J. Detection and diagnosis of the early caries lesion. BMC Oral Health. 2015; 15 
Suppl 1(Suppl 1), S3. doi:10.1186/1472-6831-15-S1-S3



Current Dental Studies III

- 90 -

48. Felix Gomez G, Eckert GJ, Ferreira Zandona A. Orange/Red Fluorescence of Active 
Caries by Retrospective Quantitative Light-Induced Fluorescence Image Analy-
sis. Caries Res. 2016;50(3):295-302. doi:10.1159/000441899

49. Park SW, Kim SK, Lee HS, Lee ES, de Josselin de Jong E, Kim BI. Comparison of fluo-
rescence parameters between three generations of QLF devices for detecting enamel 
caries in vitro and on smooth surfaces. Photodiagnosis Photodyn Ther. 2019;25:142-
147. doi:10.1016/j.pdpdt.2018.11.019

50. Oh SH, Choi JY, Kim SH. Evaluation of dental caries detection with quantitative 
light-induced fluorescence in comparison to different field of view devices. Sci Rep. 
2022; 12(1), 6139. doi:10.1038/s41598-022-10126-x

51. Silvertown JD, Wong BPY, Abrams SH, et al. Comparison of The Canary System and 
DIAGNOdent for the in vitro detection of caries under opaque dental sealants. J In-
vestig Clin Dent. 2017;8(4), 10.1111/jicd.12239. doi:10.1111/jicd.12239

52. Jallad M, Zero D, Eckert G, Ferreira Zandona A. In vitro Detection of Occlusal Car-
ies on Permanent Teeth by a Visual, Light-Induced Fluorescence and Photothermal 
Radiometry and Modulated Luminescence Methods. Caries Res. 2015;49(5):523-530. 
doi:10.1159/000437214 QLF Canary

53. Abrams T, Abrams S, Sivagurunathan K, et al. Detection of Caries Around Resin-Mod-
ified Glass Ionomer and Compomer Restorations Using Four Different Modalities In 
Vitro. Dent J (Basel). 2018; 6(3), 47. doi:10.3390/dj6030047

54. Jaafar N, Ragab H, Abedrahman A, Osman E. An in vivo investigation of diagnos-
tic performance of DIAGNOdent pen and the Canary System for assessment and 
monitoring enamel caries under fissure sealants. J Int Soc Prevent Communit Dent 
2020;10:246-54.

55. König K, Flemming G, Hibst R. Laser-induced autofluorescence spectroscopy of den-
tal caries. Cell Mol Biol 1998; 44(8): 1293-300. [PMID: 9874516]

56. Markowitz K, Gutta A, Merdad HE, Guzy G, Rosivack G. In vitro study of the diagnos-
tic performance of the Spectra Caries Detection Aid. J Clin Dent 2015; 26(1): 17-22.
[PMID: 26054187]

57. Terrer, E.; Raskin, A.; Koubi, S.; Dionne, A.; Weisrock, G.; Sarraquigne, C.; Mazuir, 
A.; Tassery, H. A new concept in restorative dentistry: LIFEDT-light-induced fluo-
rescence evaluator for diagnosis and treatment: Part 2–treatment of dentinal caries. J. 
Contemp. Dent. Pract. 2010, 11, E095–E102.

58. Erol S, Kamak H, Erten H. Evaluation of caries dentin using light-induced flu-
orescence: a case report. J Clin Diagn Res. 2014; 8(1), 297-298. doi: 10.7860/
JCDR/2014/7967.3987.

59. Zeitouny M, Cuisinier F, Tassery H, Fayyad-Kazan H. The Efficacy of Soprolife® in De-
tecting in Vitro Remineralization of Early Caries Lesions. J Oral Maxillofac Res. 2020; 
11(2): e6. doi:10.5037/jomr.2020.11206

60. Rechmann P, Rechmann BM, Featherstone JD. Caries detection using light-based di-
agnostic tools. Compend Contin Educ Dent. 2012; 33(8), 582-596.

61. Kockanat A, Unal M. In vivo and in vitro comparison of ICDAS II, DIAGNOdent pen, 
CarieScan PRO and SoproLife camera for occlusal caries detection in primary molar 
teeth. Eur J Paediatr Dent. 2017; 18(2), 99-104. doi:10.23804/ejpd.2017.18.02.03

62. Jablonski-Momeni A, Liebegall F, Stoll R, Heinzel-Gutenbrunner M, Pieper K. Perfor-
mance of a new fluorescence camera for detection of occlusal caries in vitro. Lasers 
Med Sci. 2013; 28, 101-109



Current Dental Studies III

- 91 -

63. Iranzo-Cortés JE, Montiel-Company JM, Almerich-Torres T, et al. Use of DIAGNO-
dent and VistaProof in diagnostic of Pre-Cavitated Caries Lesions-A Systematic Re-
view and Meta-Analysis. J Clin Med. 2019; 9(1), 20. doi:10.3390/jcm9010020

64. Melo, M.; Pascual, A.; Camps, I.; Del Campo, A.; Ata-Ali, J. Caries diagnosis using light 
fluorescence devices in comparison with traditional visual and tactile evaluation: A 
prospective study in 152 patients. Odontology, 2017; 105, 283–290.

65. Kuhnisch J, Sochtig F, Pitchika V, Laubender R, Neuhaus KW, Lussi A, Hickel R. In 
vivo validation of near-infrared light transillumination for interproximal dentin car-
ies detection. Clin Oral Investig. 2016; 20(4), 821–829.

66. Abogazalah N, Ando M. Alternative methods to visual and radiographic examina-
tions for approximal caries detection. J Oral Sci. 2017; 59(3), 315-322. doi:10.2334/
josnusd.16-0595

67. Lederer KH, Kunzelmann K, Heck R, et al. In-vitro validation of near-infrared reflec-
tion for proximal caries detection, Eur. J. Oral Sci. 2019; 127, 515–522. https://doi.
org/10.1111/eos.12663.

68. Ozkan G, Guzel KGU. Clinical evaluation of near-infrared light transillumina-
tion in approximal dentin caries detection. Lasers Med Sci. 2017; 32(6), 1417-1422. 
doi:10.1007/s10103-017-2265-z

69. Tassery H, Levallois B, Terrer E, et al. Use of new minimum intervention dentistry 
technologies in caries management. Aust Dent J. 2013; 58 Suppl 1, 40-59. doi:10.1111/
adj.12049

70. Baltacioglu IH, Orhan K. Comparison of diagnostic methods for early interproximal 
caries detection with near-infrared light transillumination: an in vivo study.  BMC 
Oral Health. 2017; 17(1), 130. doi:10.1186/s12903-017-0421-2

71. Berg SC, Stahl JM, Lien W, Slack CM, Vandewalle KS. A clinical study comparing 
digital radiography and near-infrared transillumination in caries detection. J Esthet 
Restor Dent. 2018; 30(1), 39-44. doi:10.1111/jerd.12346

72.Vinothkumar TS. Application of Near-infrared Light Transillumination in Restorative 
Dentistry: A Review. J Contemp Dent Pract. 2021; 22(11), 1355-1361.

73. Teo TK, Ashley PF, Louca C. An in vivo and in vitro investigation of the use of ICDAS, 
DIAGNOdent pen and CarieScan PRO for the detection and assessment of occlusal 
caries in primary molar teeth. Clin Oral Investig 2014; 18, 737–744.
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