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ABSTRACT

Introduction: Dental diode lasers were started to be used at the 
end of the 1990s and were shown to possess several important 
characteristics, such as small size and low cost, as well as the 
advantage of optic fibers delivering system. Although only two 
wavelengths (810 and 980 nm) had been the most used dental 
diode lasers, a wavelength emitting in the blue portion of the 
spectrum has recently been proposed.

Aim: The aim of this ex vivo study was to compare the effec-
tiveness of five different fiber-delivered laser wavelengths (450, 
532, 808, 1064, and 1340 nm) in the oral soft tissue ablation.

Materials and methods: Specimens were surgically collected 
from the dorsal surface of four bovine tongues and, while deep 
thermal increase was measured by two thermocouples at  
0.5 and 2 mm depth, surface temperature was recorded by an 
infrared thermometer. Subsequently, specimens were fixed in 
10% buffered formalin solution, cut into slices, and embedded 
in paraffin blocks, and a pathologist made a morphological 
analysis by optic microscope assigning a score based on the 
quality of the cut and tissue damage.

Results: The analysis showed the best quality of the cut and 
the lowest temperature increase on the specimens obtained 
with the shortest laser wavelength (450 nm).

Conclusion: Even considering this as preliminary study, the use 
of 450 nm blue diode laser in oral surgery may be suggested to 
the clinician in their daily practice.

Clinical significance: This study opens a new perspective in 
oral surgery. Blue diode laser has demonstrated a good quality 
of the cut with a low energy causing a minimal thermal damage 
to the tissue, promising a better comfort to patients.
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INTRODUCTION

Goldman1 described the first clinical purpose of laser tech-
nology in dentistry in 1964, 4 years after the construction 
of the first laser device (ruby laser) by Maiman in 1960, 
and the reasons for this delay may be explained by the 
difficulty in delivering the laser beam into a small cavity, 
such as the mouth (the solution for this problem was 
found only by the realization of efficient delivery systems, 
such as optic fibers), and by the need to utilize at least 
two different wavelengths, the first for hard tissues and 
the second for soft tissues, both present inside the mouth.

Moreover, during irradiation, thermal elevation must 
remain under the values compatible with the biological 
integrity of the tissues, and this is the reason why we may 
mention the first studies by Goldman, Kinersly, Morrant, 
Stern, and Taylor1-5 just for their historical relevance, 
and we consider the paper by Frame6 in 1984 as the first 
description of an in vivo oral surgical intervention using 
a CO2 laser (λ = 10,600 nm) without biological damages 
on tissues.

The advantages of laser surgery include reduction of 
the operating time, the possibility to cut and coagulate 
at the same time, a better vision of the operating field, 
avoiding the use of the sutures, the decrease in pain, 
sometimes without the need of anesthetic injections, 
the disinfection of the operating field, and a better and 
faster healing process (biostimulating effects) in order to 
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avoid the assumption of drugs with a good comfort in 
the immediate follow-up.7-10

Beyond CO2, neodymium-doped yttrium aluminum 
garnet (Nd:YAG; λ = 1064 nm) laser has also been used, 
the first pulsed and fiber-delivered laser as well as diode 
(λ = 810 and 980 nm)11; furthermore, neodymium-doped 
yttrium aluminum perovskite (Nd:YAP) laser (λ = 1340 nm),  
due to its absorption by water, has been found to play a 
greater role in oral surgery.12

In 1989, Keller and Hibst13 proposed the use of 
erbium-doped YAG laser for cavities prepared in con-
servative dentistry.

This wavelength (2,940 nm), being highly absorbed by 
water (3,000 nm) and hydroxyapatite (2,800 nm) included 
in a large percentage into the hard oral tissues, causes the 
cells to burst, destroying the target tissue.14

The first dental laser emitting in the visible light was 
argon, a solid state laser emitting at 435 nm, which found 
its main utilization in conservative dentistry, specifi-
cally to polymerize composite resins thanks to the high 
absorption by camphorquinone, but also used for oral 
surgery.15 Unfortunately, it was discontinued due to the 
great dimension and high cost.

Conversely, potassium titanyl phosphate (KTP) laser 
(λ = 532 nm), recently accepted as a good device for oral 
surgery, allows to diminish the energy maintaining a 
high cut quality;16 the only difficulty for the operator is 
related to the brightness of its green beam, solved by the 
mandatory use of protective gloves.

An original recent study conducted by a supercon-
tinuum source and regarding the transmission of dif-
ferent wavelengths in different animal tissues17puts the 
laser–tissue interactions in a new perspective.

It effectively demonstrated that the lowest transmis-
sion is present in two windows, the first in the visible 
portion, particularly in blue and green, and the second in 
the far infrared (IR) between 1,300 and 1,700 nm, suggest-
ing the surgical use of the blue laser, and also considering 
the aspects described below.

Enwemeka18 demonstrated its antimicrobial power 
and proposed it as an alternative to antibiotics; more-
over, its effect on the inhibition of methicillin-resistant 
Staphylococcus aureus, Escherichia coli, and Pseudomonas 
aeruginosa and its effect on the growth of periodontal 
biofilm were described in many in vitro studies.19-21

An in vitro photodynamic therapy work22 compared 
three visible laser wavelengths coupled to three different 
chromophores on Streptococcus mutans cultures: 405 diode 
laser coupled to curcumin obtained, in terms of growth 
inhibition, results that ranged between 70.96% (Fluence 
of 10 J/cm2) and 99.10% (Fluence of 30 J/cm2).

Also in low-level laser therapy (LLLT), which Smith 
redefined as low-level light therapy by including also the 

light-emitting diode (LED) lamps,23 the blue light seems 
to play an important role. Adamskaya24 demonstrated 
the efficacy of LED for a faster wound healing by in vivo 
rat model, while Kushibiki25 showed, after blue laser 
irradiation, intracellular modifications.

Thus, based on these biomodulating properties, the 
use of blue light started to be largely used for several skin 
treatments, such as acne and rejuvenation.26

As described earlier, the first indication for the use of 
blue laser in dentistry was the composite resin polym-
erization; in fact, while the studies performed by argon 
laser demonstrated its efficacy, results obtained by diode 
laser seem to be not encouraging.27-31

Blue diode laser has recently been proposed, coupled 
to titanium oxide, for dental bleaching.32

The aim of this ex vivo work was to analyze the effec-
tiveness of five different fiber-delivered laser wavelengths 
(450, 532, 808, 1064, and 1340 nm) in oral surgery on 
animal models by recording surface and deep tempera-
tures, speed of cut, and histological changes.

MATERIALS AND METHODS

Sample Collection

Two fresh beef tongue were kept at 2 to 4°C and 100% 
humidity until the test; the experiments were performed 
at room temperature (22–24°C).

Two samples of 15 × 10 mm dimension and 4 mm 
thickness were obtained from the ventral portion of 
each tongue (Fig. 1) and were put in a special device 
(Mini DIY Desktop Laser Engraving Printer Cutting 
Machine, modified) which permits to use different laser 
handpieces perfectly controlling shape, dimension, and 

Fig. 1: Samples utilized in the study
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speed of the ablation avoiding the variability related to 
operator skill (Fig. 2).

In each wavelength, a linear cut of 5 cm, at a speed of 
5 mm/sec, was performed (Fig. 3), and two k-thermocou-
ples were inserted at 1 mm from the edge of the cut, in 
the middle of the line, the first at a depth of 0.5 mm and 
the second at a depth of 2 mm.

Surgical Devices

The laser devices employed and the parameters  
used were those described below (Figs 4A to E); all the 
appliances were used with the same 320 μm optic fiber, 
previously checked by a Power-meter (Thorlabs PM 100, 
Germany).
•	 Hermes	 Blue	 diode	 (Gardalaser,	 Italy)	λ = 450 nm,  

2 W CW (Fig. 4A)
•	 LASEmaR	 KTP500	 (Eufoton,	 Italy)	 λ = 532 nm,  

2 W CW (Fig. 4B)
•	 LASEmaR	 diode	 800	 (Eufoton,	 Italy)	λ = 808 nm,  

3 W CW (Fig. 4C)

•	 LightWalker	Nd:YAG	(Fotona,	Slovenia)	λ = 1,064 nm,  
3 W, 30 Hz (Fig. 4D)

•	 Lokki	Nd:YAP	(Lobel	Medical,	France)	λ = 1,340 nm 
5 W, 160 mJ (Fig. 4E).

Measurement of Variation of Temperature

In-depth Temperature

The in-depth variation of temperature was recorded by 
two naked-bead chrome aluminum (K-type) thermo-
couples (TP-01, Lutron, Taiwan) with a 0.5-mm diameter 
probe sensitive to temperature variations between –40°C 
and 250°C; the thermocouples were connected to a two-
channel thermometer (TM-946, Lutron, Taiwan) sensitive 
to temperature variations (for k-type thermocouples) 
between −100°C and 1,300°C, with an accuracy of 0.1°C.

Surface Temperature

The superficial variation of temperature was measured 
by an IR thermometer (ScanTemp, Dostmann, Germany); 
it was recorded before starting surgical procedure and 
before the complete excision of the sample to evaluate 
the thermal elevation during the surgical process.

Excision Time

Operative time of each surgical procedure was consid-
ered from the start of laser application on tissue until the 
complete ablation on all the sample thickness.

Histological Evaluation

The specimens were fixed in a 10% buffered formalin 
solution, cut into slices, and embedded in paraffin blocks, 
according to conventional methods; subsequently, sec-
tions of 5 μm thickness were obtained for hematoxylin 
and eosin staining.

Fig. 2: The device used to control the speed of irradiation Fig. 3: Sample obtained after the irradiation, the holes are the 
site where thermocouples were positioned

Figs 4A to E: Lasers used: (A) LASEmaR 500; (B) LASEmaR 
800; (C) Ermes laser; (D) LightWalker; and (E) Lokki

A B

C D E
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These sections were then observed under low- and 
high-power light microscopy (Olympus MTV-3, Japan) 
by a pathologist unaware of the used wavelength: The 
pathologist assigned to each incision a cut quality score 
(0–5), “5” representing the highest (cold blade).

RESULTS

Excision Time

The time necessary to cut the samples was 215 seconds 
(1,340 nm), 264 seconds (450 nm), 270 seconds (532 nm),  
275 seconds (1,064 nm), and 292 seconds (808 nm)  
(Graph 1).

Superficial Temperature

The increase in surface temperature, measured by the IR 
thermometer, gave the following values of ∆T (difference 
between the final and initial temperatures): 22.7°C for 
1,340 nm, 16.7°C for 1,064 nm, 15.2°C for 808, 11.1°C for 
532 nm, and 8.8°C for 450 nm (Graph 2).

Deep Temperature

The increase in in-depth temperature, measured by the 
two thermocouples, gave the following values of ∆T  
(difference between the final and initial temperatures): 
26.5°C for 1,340 nm, 22.6°C for 1,064 nm, 16.9°C for 808, 
13.1°C for 532 nm, and 11.6°C for 450 nm (Graph 3).

Quality of Incision

The scores on the quality of incision assigned by the 
pathologist were 3 for 450 and 532 nm, 2 for 808 nm, and 
1 for 1,064 and 1,340 nm, as shown in Graph 4.

DISCUSSION

In 1962, four US groups (General Electric Research Centre, 
IBM Watson Research Centre, MIT Lincoln Laboratory, 
and RCA Laboratories) constructed the first diode laser 
based on semiconductor active medium; these kinds of 
laser were also realized in the USSR in early 1963 by the 
Nikolaj Basov team.33-35

Graph 2: Comparison of surface temperature increases

Graph 3: Comparison of deep temperature increases Graph 4: Incision quality scores assigned by a pathologist

Graph 1: Comparison of the times necessary to perform  
the excision
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Diode lasers were largely also employed in dentistry 
thanks to their reduced size and price and also for the 
large numbers of utilization, such as soft tissue surgery,36 
orthodontics,37 endodontics,38 periodontics,39 bleaching,40 
and LLLT.41

Up to date, two wavelengths are used in dentistry, 
810 and 980 nm, emitting in the near IR portion of the 
spectrum: In fact, thanks to their good absorption in 
hemoglobin, they have a good bleeding control during 
surgical interventions.

Conversely, the use of visible lasers in dentistry was 
not popular and the reasons were represented by the 
necessity to employ necessity to employ solid and gaseous 
active media appliances with high cost and great sizes. 
The only studies reported in the literature are limited to 
argon and KTP lasers.15,16

When diode laser devices emitting in the blue were 
introduced, the dental market acquired a new possibility. 
This study is the first to compare the traditional wave-
lengths used in oral surgery to blue diode laser.

The thermal effects of lasers on biological tissues gen-
erally result from three different phenomena: The light 
conversion to heat, the heat transfer to the tissue, which 
includes the temperature and the exposure time, and the 
consequent protein denaturation and tissue vaporiza-
tion. The laser effects depend on the parameters used 
(wavelength, power, time and mode of emission, beam 
profile, and spot size) and also on the optic and chemical 
characteristics of the target tissue. Hyperthermia, consist-
ing of a moderate rise in temperature (41–44°C for some 
tens of minutes), results in cell death while coagulation, 
irreversible necrosis without immediate tissue destruc-
tion, occurs at temperatures around 50 to 100°C for  
1 second at least, producing desiccation, blanching, and 
shrinking of tissues due to the denaturation of proteins 
and collagen. Volatilization, above 100°C, induces tissue 
transformation into smoke in a very short time (one tenth 
of a second) and forms a region of coagulative necrosis 
at the edges of the volatilization zone.42

This study, although performed only on a limited 
number of samples, may be considered useful to the  
clinician for evaluating the advantages offered by 405 nm 
diode laser in oral surgery.

The fastest incision was obtained by the Nd:YAP laser 
at 5 W, while the slowest was given by the diode 808 nm  
at 3 W, and it may be explained based on the great 
absorption of 1,370 nm wavelength by water. However, 
we must also consider that the ex vivo model used here is 
less hydrated than the in vivo model, so obtaining a faster 
effect when used on patients.

Regarding the superficial temperature, measured 
through the IR thermometer, the highest difference 
between the initial and final temperatures (ΔT) was 
observed with the use of 1,340 nm laser at 5 W of power, 

while the lowest was recorded with the 450 nm wave-
length at 2 W. The temperature increasing in the deepest 
tissues, measured through the use of thermocouples, was 
the highest with the use of 1,370 nm wavelength at 5 W, 
while the lowest was recorded with the use of 450 nm 
wavelength at 2 W.

CONCLUSION

Even if this study must be considered as preliminary 
due to the limited number of samples and also by the 
limits related to the differences between the ex vivo and 
in vivo models, it opens a new perspective on the oral 
soft tissue laser surgery, proposing the utilization of blue 
diode laser, which demonstrated a good cut performance 
without causing high thermal elevation with respect to 
the tissues.

CLINICAL SIGNIFICANCE

By hypothetically transferring these results to the treat-
ment of patients, the use of blue diode laser is very 
interesting, suggesting its utilization to the clinicians. 
Even if further in vivo studies are necessary to confirm 
these results, we may suppose a better and faster healing 
process with greater comfort for the patients themselves.

REFERENCES

 1. Goldman L, Gray JA, Goldman J, Goldman B, Meyer R. 
Effect of laser beam impacts on teeth. J Am Dent Assoc 1965 
Mar;70:601-606.

 2. Kinersly T, Jarabak JP, Phatak NM, Dement J. Laser effects 
on tissue and materials related to dentistry. J Am Dent Assoc 
1965 Mar;70:593-600.

 3. Morrant GA. Lasers: an appraisal of their possible use in 
dentistry. Dent Pract Dent Rec 1965 Sep;16(1):5-9.

 4. Stern RH, Sognnaes RF. Laser effect on dental hard tissues. 
A preliminary report. J South Calif Dent Assoc 1965 
Jan;33(1):17-19.

 5. Taylor R, Shklar G, Roeber F. The effects of laser radiation on 
teeth, dental pulp, and oral mucosa of experimental animals. 
Oral Surg Oral Med Oral Pathol 1965 Jun;19:786-795.

 6. Frame JW. CO2 laser surgery in the mouth. Dent Update 1984 
Sep;11(8):465-466, 468, 470.

 7. Parker S. Lasers and soft tissue: “fixed” soft tissue surgery. 
Br Dent J 2007 Mar 10;202(5):247-253.

 8. Tuncer I, Ozçakir-Tomruk C, Sencift K, Cöloğlu S. Comparison 
of conventional surgery and CO2 laser on intraoral soft tissue 
pathologies and evaluation of the collateral thermal damage. 
Photomed Laser Surg 2010 Feb;28(1):75-79.

 9. Fornaini C, Rocca JP, Bertrand MF, Merigo E, Nammour S, 
Vescovi P. Nd:YAG and Diode laser in the surgical man-
agement of soft tissues related to orthodontic treatment. 
Photomed Laser Surg 2007 Oct;25(5);381-392.

 10. Rocca, JP. Les lasers en odontologie. Editions CdP. France: 
Wolters Kluwer; 2008.

 11. Fornaini C. Use of Er:YAG and Nd:YAG lasers during orth-
odontic treatment. J Laser Health Acad 2014 Jul;4(1).



Carlo Fornaini et al

800

 12. Fornaini, C.; Rocca, JP. Oral laserology. Bologna: Monduzzi 
Editore; 2015.

 13. Keller U, Hibst R. Ablative effect of an Er:YAG laser on enamel 
and dentin. Dtsch Zahnarztl Z 1989 Aug;44(8):600-602.

 14. Onisor I, Pecie R, Chaskelis I, Krejci I. Cutting and coagulation 
during intraoral soft tissue surgery using Er: YAG laser. Eur 
J Paediatr Dent 2013 Jun;14(2):140-145.

 15. Kelsey WP 3rd, Blankenau RJ, Powell GL. Application 
of the argon laser to dentistry. Lasers Surg Med 1991 
Jan;11(6):495-498.

 16. Fornaini C, Rocca JP, Merigo E, Meleti M, Manfredi M, 
Nammour S, Vescovi P. Low energy KTP laser in oral soft 
tissue surgery: a 52 patients clinical study. Med Oral Patol 
Oral Cir Bucal 2012 Mar 1;17(2):e287-e291.

 17. Fornaini C, Sozzi M, Merigo E, Poli F, Selleri S, Pasotti P, 
Cucinotta AM. Different wavelengths absorption in different 
tissue kinds: ex vivo study with a supercontinuum broadband 
source. Lasers Surg Med 2015 Apr;47(4):380-381.

 18. Enwemeka CS. Antimicrobial blue light: an emerging alter-
native to antibiotics. Photomed Laser Surg 2013 Nov;31(11): 
509-511.

 19. Bumah VV, Masson-Meyers DS, Cashin SE, Enwemeka CS. 
Wavelength and bacterial density influence the bactericidal 
effect of blue light on methicillin-resistant Staphylococcus 
aureus (MRSA). Photomed Laser Surg 2013 Nov;31(11):547-553.

 20. de Sousa NT, Santos MF, Gomes RC, Brandino HE, Martinez R,  
de Jesus Guirro RR. Blue laser inhibits bacterial growth of 
Staphylococcus aureus, Escherichia coli, and Pseudomonas 
aeruginosa. Photomed Laser Surg 2015 May;33(5):278-282.

 21. Fontana CR, Song X, Polymeri A, Goodson JM, Wang X, 
Soukos NS. The effect of blue light on periodontal biofilm 
growth in vitro. Lasers Med Sci 2015 Nov;30(8):2077-2086.

 22. Merigo, E.; Sozzi, M.; Ciociola, T.; Conti, S.; Fornaini, C.; 
Selleri, S.; Cucinotta, A. Photodynamic therapy: a synergy 
between light and colors. Proceedings of the SPIE 9306, Lasers 
in Dentistry XXI, 930606; February 24, 2015.

 23. Smith KC. Laser and LED photobiology. Laser Ther 
2010;19(2):72-78.

 24. Adamskaya N, Dungel P, Mittermayr R, Hartinger J, 
Feichtinger G, Wassermann K, Redl H, van Griensven M. 
Light therapy by blue LED improves wound healing in an 
excision model in rats. Injury 2011 Sep;42(9):917-921.

 25. Kushibiki T, Tajiri T, Ninomiya Y, Awazu K. Chondrogenic 
mRNA expression in prechondrogenic cells after blue laser 
irradiation. J Photochem Photobiol B 2010 Mar;98(3):211-215.

 26. Omi T, Bjerring P, Sato S, Kawana S, Hankins RW, Honda M. 
420 nm intense continuous light therapy for acne. J Cosmet 
Laser Ther 2004 Nov;6(3):156-162.

 27. Meniga A, Tarle Z, Ristic M, Sutalo J, Pichler G. Pulsed blue 
laser curing of hybrid composite resins. Biomaterials 1997 
Oct;18(20):1349-1354.

 28. Fleming MG, Maillet WA. Photopolymerization of com-
posite resin using the argon laser. J Can Dent Assoc 1999 
Sep;65(8):447-450.

 29. Mirsasaani SS, Atai MM, Hasani-Sadrabadi MM. Photopoly-
merization of a dental nanocomposite as restorative mate-
rial using the argon laser. Lasers Med Sci 2011 Sep;26(5): 
553-561.

 30. Fornaini C, Lagori G, Merigo E, Rocca JP, Chiusano M, 
Cucinotta A. 405 nm diode laser, halogen lamp and LED 
device comparison in dental composites cure: an in vitro 
experimental trial. Laser Ther 2015 Dec;24(4):265-274.

 31. Ro JH, Son SA, Park JK, Jeon GR, Ko CC, Kwon YH. Effect of 
two lasers on the polymerization of composite resins: single 
vs combination. Lasers Med Sci 2015 Jul;30(5):1497-1503.

 32. Tano E, Otsuki M, Kato J, Sadr A, Ikeda M, Tagami J. Effects 
of 405 nm diode laser on titanium oxide bleaching activation. 
Photomed Laser Surg 2012 Nov;30(11):648-654.

 33. Hall RN, Fenner GE, Kingsley JD, Soltys TJ, Carlson RO. 
Coherent light emission from GaAs junctions. Phys Rev Lett 
1962 Nov;9(9):366-368.

 34. Nathan MI, Dumke WP, Burns G, Dill FH Jr, Lasher G. 
Stimulated emission of radiation from GaAs p-n junctions. 
Appl Phys Lett 1962 Nov;1(3):62-64.

 35. Basov, N. Nobel prize acceptance speech; 1964.
 36. Sotoode SM, Azimi S, Taheri SA, Asnaashari M, Khalighi H, 

Rahmani S, Jafari S, Elmi Rankohi Z. Diode laser in minor 
oral surgery: a case series of laser removal of different 
benign exophytic lesions. J Lasers Med Sci 2015 Summer;6(3): 
133-138.

 37. Fornaini C, Merigo E, Vescovi P, Lagori G, Rocca J. Use of 
laser in orthodontics: applications and perspectives. Laser 
Ther 2013;22(2):115-124.

 38. Schoop U, Kluger W, Moritz A, Nedjelik N, Georgopoulos A,  
Sperr W. Bactericidal effect of different laser systems in  
the deep layers of dentin. Lasers Surg Med 2004 Aug;35(2): 
111-116.

 39. Andreana S. The use of diode lasers in periodontal therapy: 
literature review and suggested technique. Dent Today 2005 
Nov;24(11):130, 132-135.

 40. Fornaini C, Lagori G, Merigo E, Meleti M, Manfredi M, 
Guidotti R, Serraj A, Vescovi P. Analysis of shade, temperature 
and hydrogen peroxide concentration during dental bleach-
ing: in vitro study with the KTP and diode lasers. Lasers Med 
Sci 2013 Jan;28(1):1-6.

 41. Merigo E, Fornaini C, Manfredi M, Meleti M, Alberici F, 
Corcione L, Buzio C, Rocca JP, Ferri T, Vescovi P. Orofacial 
granulomatosis treated with low-level laser therapy: a case 
report. Oral Surg Oral Med Oral Pathol Oral Radiol 2012 
Jun;113(6):e25-e29.

 42. Niemtz, MH. Laser-tissue interactions: fundamental and 
applications. Berlin: Springer; 2003.

 


