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Objective. The objective of this study was to evaluate the disinfection degree of dentine caused by the use of diode
laser after biomechanical procedures.
Study design. Thirty teeth were sectioned and roots were autoclaved and incubated for 4 weeks with a suspension of
Enterococcus faecalis. The specimens were randomly divided into 3 groups (n ⫽ 10): G1, instrumented with rotary
files, irrigated with 0.5% sodium hypochlorite and 17% EDTA-T, and then irradiated by 830-nm diode laser at 3 W;
G2, the same procedures as G1 but without laser irradiation; and G3, irrigation with saline solution (control). Dentin
samples of each third were collected with carbide burs and aliquots were sowed to count viable cells.
Results. The disinfection degree achieved was 100% in G1 and 98.39% in G2, when compared to the control group
(G3).
Conclusion. Diode laser irradiation provided increased disinfection of the deep radicular dentin in the parameters and
samples tested. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008;106:e68-e72)

The success of endodontic therapy is solidly based on
efficient disinfection of the root canal system.1-4 Persistent contamination following chemical preparation is
due to the inadequate execution of the technique and to
the anatomical difficulties present in the radicular canal
system.5-8
Among the most commonly found microorganisms
in root canal re-intervention with or without periradicular lesions is the coccus gram-positive Enterococcus
faecalis, which is resistant to endodontic therapy procedures.9-13 Many resources, such as interappointment
dressings, irrigation solutions, and different types of
laser radiations are used to act against these microorganisms, which are resistant to chemical surgical preparations.
Disinfection of the main canal through use of laser
radiation has been demonstrated by many studies.14-17
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tamination deep in the dentin (dentinal tubules) where
microorganisms that remain following endodontic
treatment may cause failure.18,19
The high-power diode laser has been tested in several
areas of dentistry, with promising results in relation to
dentinal disinfection.20-26 Because of the laser’s properties and its low cost in relation to most lasers used in
endodontics, the diode laser has proved to be a resource
worth testing. This study aims to verify the degree of
disinfection deep in the dentin caused by the use of
high-power diode laser irradiation, following chemomechanical procedures against Enterococcus faecalis.
MATERIAL AND METHODS
Thirty single-rooted teeth, supplied by the Human
Tooth Bank from the College of Dentistry at the University of São Paulo, were cut to a standard length of 15
mm, cleaned, and emptied with the help of file K-type
#15 and 1% sodium hypochlorite in order to remove the
pulp remains. Following these procedures, the apical
third of these roots was gradually filed until reaching
the K-type #40 (Dentsply-Maillefer, Ballaigues, Switzerland) in order to standardize the specimens. The
roots were then waterproofed externally using cyanoacrylate (Super Bonder, Loctite Henkel, Itapevi, SP,
Brazil) and dried at room temperature for 24 hours. The
roots were set up in 1.5 mL Eppendorf tubes coated in
heavy condensation silicone (Zetaplus, Zhermack,
Rovigo, Italy) and the set underwent sterilization in a
134°C autoclave for 15 minutes.
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Preparation of inoculation and contamination of
the specimens
A suspension of 50 L of the E. faecalis ATCC
29212 strand was incubated in 5 mL of tryptic soy broth
(TSB) culture medium (Difco, Sparks, MD, USA) in a
37°C incubator for 24 hours. The concentration of the
inoculation was then adjusted for a degree of turbidity
1 according to the McFarland scale (Bio Mérieux,
Marcy l’Etoile, France), which corresponds to a bacterial concentration of 3 ⫻ 108 cells/mL referent to an
optic density of 550 nm.
Next, the specimens had their roots filled with the
inoculation and were incubated for 4 weeks in a 37°C
incubator (with the culture medium being filled every
day). Each handling, seeding, and inoculation was done
in a laminar flow chamber.
All of the specimens had a portion of the inoculation
transferred in TSB medium in order to check bacterial
growth at several time periods, with a result of 100%
positive.
Group design
The specimens were randomly split into 3 groups, as
follows:
Group 1. Ten specimens were prepared with 0.5%
sodium hypochlorite and urea peroxide cream (Endo
PTC cream, Oficinalis Farmácia de Manipulação, São
Paulo, SP, Brazil). Chemomechanical procedures were
carried out using the K3 system rotary files (Sybron
Endo, Orange, CA) crown-apex technique. Final irrigation was done using 17% EDTA-T (Oficinalis
Farmácia de Manipulação, São Paulo, SP, Brazil). In
order to prevent apical overfilling, and to maintain the
root canal shape, the sequence of instruments used was
#40 (0.04 and 0.06 taper), #45 (0.02 and 0.04 taper),
and #50 (0.02 taper). The specimens were later rinsed
using saline solution and dried with absorbent sterile
paper points (Cell Pack Dentsply, Petrópolis, RJ, Brazil). There was 10 mL of sodium hypochlorite solution
used per tooth; the same amount of 17% EDTA-T was
used.
Intracanal irradiation was performed using a highpower diode laser (Opus 10, OpusDent, Sharplan, Norwood, MA) at a wavelength of 830 nm, and set at a
power of 3 W. The diode laser device was loaned by the
Special Laser Laboratory of Dentistry, LELO-FOUSP.
Irradiation followed the oscillatory technique developed by Gutknecht et al.15: the fiber is introduced 1 mm
short of the apex and is recessed in helicoidal movements at a speed of approximately 2 mm/sec for 5
seconds, repeated 4 times at intervals of 10 seconds
between each one.
Group 2. Ten instrumented specimens, rinsed and
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dried in the same way as group 1, but without irradiation.
Group 3. Ten specimens without instrumentation,
nonirradiated, rinsed in saline solution with a syringe,
and dried with absorbent paper points. Total saline
solution used per tooth was 20 mL.
Sample collection
The specimens were sliced into thirds, crosswise,
with diamond bur at high speed. Each third was drilled
with a sterile bur, which was not reused. The handpiece
was refrigerated with sterile saline solution in a container that had been disinfected beforehand together
with the interior of the hoses. To collect the samples,
drilling was done with a sterile Batt-type drill (at low
speed), from the lumen of the main canal to halfway
through the root, using centrifugal drilling, an adaptation of the methodology used by Haapasalo and Ørstavik6 in 1987. Each third provided two samples: circumpulpal dentin (dentinal dust) and deeper dentin
from the root canal (cylinder remaining), with the exception of the apical third, which was not drilled because it was less thick.
Thus, each specimen provided 5 portions, which
were immersed in a 1 mL peptonated water solution,
previously distributed in Eppendorf tubes. The tubes
were then vibrated in Fisher Vortex equipment (Genie
2, Fisher Scientific, Bohemia, NY) to homogenize the
samples. In total there were 50 portions collected from
each group, which underwent dilutions of 10⫺1 and
10⫺2, providing 150 samples.
We collected 25 L, in triplicate, for each sample
and seeded on a Petri dish with selective medium for E.
faecalis—mEnterococcus Agar (Difco)—in order to
count colony-forming units (CFUs). Incubation lasted
48 hours in a 37°C incubator.
Statistical analysis was performed to evaluate the
degree of disinfection obtained in the radicular dentin.
RESULTS
Colony counts were done with the aid of a magnifying lens. Sample data did not show normal distribution, so the statistical test used was the nonparametric
Kruskal-Wallis test, with comparison using the Dunn
method of means. The mean numbers for CFUs/mL of
groups were: group 1 ⫽ 0, group 2 ⫽ 2.77 ⫻ 102, and
group 3 ⫽ 171 ⫻ 102 CFU/mL. Statistical analysis
demonstrated significant differences among the groups
(P ⬍ .05). The samples (circumpulpal dentinal dust and
deep dentin) were analyzed, and the CFUs/mL means
are shown in Table I. The mean numbers of CFUs/mL
in the groups’ dental root thirds are shown in Table II.
The degree of disinfection for the groups (both in
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Table I. Colony-forming units (CFUs)/mL means of circumpulpal dentin and deep dentin
Experimental groups

Circumpulpal dentin
(dentinal dust)

Group 1
Group 2
Group 3

0
205.1
17817.3

Standard deviation

Deep dentin
(external cylinder)

Standard deviation

439.0
24497.3

0
171.5
11369.2

401.8
20677.7

Table II. CFUs/mL means of the dental root thirds
Experimental groups

Cervical

Group 1
Group 2
Group 3

0
277.5
17642.1

Standard deviation

Middle

521.5
24693.6

0
77.1
11040.3

relation to group 3, which presented total contamination) is shown in Table III.
DISCUSSION
E. faecalis is a microorganism frequently found in
cases of secondary infection and has proven resistant to
commonly used interappointment dressings.27-31 The
results obtained in this experiment show how promising
the clinical application of the diode laser irradiation can
be in endodontics. Its performance in deep dentinal
tubules is also recommended where anatomical difficulties (apical delta, accessory canals) do not permit the
instrument to be used within the dentin walls.
In this experiment, the cell concentration in the inoculation was approximately 108 cells/mL; in the control group the average was at 104 CFUs/mL (maximum
of 8.9 ⫻ 104 and a minimum of 5.2 ⫻ 102 CFUs/mL).
These data lead to at least 2, nonexclusive hypotheses:
the number of microorganisms in the canal decreased
(1) due to cellular death caused by the ecosystem’s
adversities (fewer nutrients, age of the culture by incubation time, intratubular penetration with less culture
medium for the physical conditions, the very dilution
provoked by the culture medium’s daily complementation, and so forth) and (2) the degree of precision of the
methodology used to count the CFUs. The latter hypothesis also probably explains why there were no
CFUs/mL in the group undergoing laser irradiation.
This methodology’s level of sensitivity is believed to be
insufficient for detecting possible viable cells in lower
concentrations. Even so, in addition to being widely
used for some time now, the method has proven to be
effective when comparing the groups, which showed
that the diode laser irradiation provoked a higher level
of disinfection than in the other 2 groups tested, with
significant statistical differences. In this methodology,
the study was done in 2 parts of the radicular dentin

Standard deviation

Apical

Standard deviation

216.8
20454.2

0
16.0
8803.8

24.8
16652.5

Table III. Disinfection degree, in relation with group 3
(control)
Experimental
groups

Disinfection, %

Means

Standard
deviation

Group 1
Group 2
Group 3

100.00
98.39
0

0
277
17100

369.1
21529.1

(circumpulpal dentin and deeper dentin) to test the
capacity of the diode radiation laser to deeply disinfect
this dentin. Batt-type drills were used because of the
smaller root volume of the human teeth used in the
study, and for maintenance of the conicity of the remains, so that the drilling could, as faithfully as possible, split the root crosswise into 2 portions of equal
volume. The division into thirds was also done for the
same reason: it makes it easier to control drilling.
Similar to the results from previous studies, greater
likelihood of infection was found in the cervical third,
followed by the middle and apical thirds. This result is
mainly due to the larger amount of dentinal tubules
from the cervical to the apical in the root canal system.1,21,22
It is well known that chemomechanical preparation
proves to be highly effective against contamination of
the main canal, which was corroborated by this study,
where the prepared group’s rate of disinfection reached
98.39%. This shows the importance and the effectiveness of the precepts of the endodontic technique, which
when executed appropriately is quite efficient in controlling E. faecalis. It also showed that the use of rotary
systems during endodontic therapy promoted results
that were completely satisfactory in regard to disinfection, which is shown in other studies.3,4,13
The high-power diode laser reduces dentine perme-
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ability, although it did not provoke the dentine melting
characteristic of neodymium laser irradiation on the
dentin surface.20,21,23,24 Among the other advantages of
the diode laser are its size as a compact device and its
use in diverse areas of dentistry.19,21,26 The diode laser
device is composed of 2 layers of semiconductor material interlaced with a nonconductive layer (bandgap
layer). Its light presents a spectrum that allows for
greater absorption by water than dental tissues when
compared with Nd:YAG laser.32 This characteristic
means greater laser light penetration through the dentin
with little interaction on the dentin, making it possible
to act on the microorganisms present in the dentinal
tubules.25 Its effectiveness at disinfecting in relation to
diverse microorganisms has been demonstrated by
many authors, even against E. faecalis.14,16-19
The parameters used in this study were considered
safe in accordance with Radaelli et al.19; however,
other studies should be done in vivo to check
whether this radiation can cause cellular damage to
the periodontal ligament when acting in depth, for
example.
CONCLUSION
Diode laser irradiation provided increased disinfection of the deep radicular dentin in the parameters and
samples tested.
REFERENCES
1. Byström A, Sundqvist G. The antibacterial action of sodium
hypochlorite and EDTA in 60 cases of endodontic therapy. Int
Endod J 1985;18:35-40.
2. Jeon IS, Spangberg LS, Yoon TC, Kazemi RB, Kum KY. Smear
layer production by 3 rotary reamers with different cutting blade
designs in straight root canals: a scanning electron microscopic
study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2003;96(5):601-7.
3. Siqueira JF Jr, Rôças IN, Santos SRLD, Lima KC, Magalhães
FAC, Uzeda M. Efficacy of instrumentation techniques and
irrigation regimens in reducing the bacterial population within
root canals. J Endod 2002;28(3):181-4.
4. Rossi A, Silva LAB, Leonardo MR, Rocha LB, Rossi MA. Effect
of rotatory or manual instrumentation, with or without a calcium
hydroxide 1% chlorhexidine intracanal dressing, on the healing
of experimentally induced chronic periapical lesions. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2005;99(5):628-36.
5. Akpata ES, Blechman H. Bacterial invasion of pulpal dentin wall
in vitro. J Dent Research 1982;61(2):435-8.
6. Haapasalo M, Ørstavik D. In vitro infection and disinfection of
dentinal tubules. J Dent Res 1987;66(8):1375-9.
7. Sen BH, Piskin B, Demirci T. Observation of bacteria and fungi
in infected root canals and dentinal tubules by SEM. Endod Dent
Traumatol 1995;11:6-9.
8. Siqueira JF Jr. Tratamento das infecções endodônticas. Rio de
Janeiro: MEDSI; 1997. p. 31-51.
9. Gomes BP, Pinheiro ET, Sousa EL, Jacinto RC, Zaia AA,
Ferraz CC, et al. Enterococcus faecalis in dental root canals
detected by culture and by polymerase chain reaction analysis.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2006;
102(2):247-53.

de Souza et al. e71
10. Hubble TS, Hatton JF, Nallapareddy SR, Murray BE, Gillespie
MJ. Influence of Enterococcus faecalis proteases and the collagen-binding protein, Ace, on adhesion to dentin. Oral Microbiol
Immunol 2003;18(2):121-6.
11. Kaufman B, Spangberg L, Barry J, Fouad AF. Enterococcus spp.
in endodontically treated teeth with and without periradicular
lesions. J Endod 2005;31(12):851-6.
12. Zoletti GO, Siqueira JF Jr, Santos KR. Identification of Enterococcus faecalis in root-filled teeth with or without periradicular
lesions by culture-dependent and-independent approaches. J
Endod 2006;32(8):722-6.
13. Berber VB, Gomes BPFA, Sena NT, Vianna ME, Ferraz CCR,
Zaia AA, et al. Efficacy of various concentrations of NaOCl and
instrumentation techniques in reducing Enterococcus faecalis
within root canals and dentinal tubules. Int Endod J 2006;
39(1):10-7.
14. Gutknecht N, Franzen R, Schippers M, Lampert F. Bactericidal
effect of a 980-nm diode laser in the root canal wall dentin of
bovine teeth. J Clin Laser Med Surg 2004;22(1):9-13.
15. Gutknecht N, Moritz A, Conrads G, Sievert T, Lampert F.
Bactericidal effect of the Nd:YAG laser in vitro root canal. J Clin
Laser Med Surg 1996;14(2):77-80.
16. Gutknecht N, van Gogswaardt D, Conrads G, Apel C, Schubert C, Lampert F. Diode laser radiation and its bactericidal
effect in root canal wall dentin. J Clin Laser Med Surg
2000;18(2):57-60.
17. Kreisler M, Kohnen W, Beck M, Al-Haj H, Christoffers AB,
Gotz H, et al. Efficacy of NaOCl/H2O2 irrigation and GaAlAs
laser in decontamination of root canals in vitro. Lasers Surg Med
2003;32(3):189-96.
18. Moritz A, Gutknecht N, Goharkhay K, Schoop U, Wernisch J,
Speer W. In vitro irradiation of infected root canals with diode
laser: results of microbiologic, infrared spectrometric, and stain
penetration examinations. Quintessence Int 1997;28(3):205-9.
19. Radaelli CM, Zezell DM, Cai S, Antunes A, Gouw-Soares SC.
Effect of a high power diode laser irradiation in root canals
contamined with Enterococcus faecalis. “In vitro study.” Int
Congr Ser 2003;1248:273-6.
20. Wyman A, Duffy S, Sweetland HL, Sharp F, Rogers K. Preliminary evaluation of a new high power diode laser. Lasers Surg
Med 1992;12(5):506-9.
21. Souza EB, Amorim CVG, Lage-Marques JL. Effect of diode
laser irradiation on the apical sealing of MTA retrofillings. Braz
Oral Res 2006;20(3):231-4.
22. Stabholz A, Zeltser R, Sela M, Peretz B, Moshonov J, Ziskind D,
et al. The use of lasers in dentistry: principles of operation and
clinical applications. Compend Cont Educ Dent 2003;24(12):
935-41.
23. Theodoro LH, Haypek P, Bachmann L, Garcia VG, Sampaio
JEC, Zezell DM, et al. Effect of Er:YAG and diode laser irradiation on the root surface: morphological and thermal analysis. J
Periodontol 2003;74(6):838-43.
24. Pearson GJ, Schuckert KH. The role of lasers in dentistry:
present and future. Dent Update 2003;30:70-6.
25. Klim JD, Fox DB, Coluzzi DJ, Neckel CP, Swick MD. The diode
laser in dentistry. Rev Wavelengths 2000;8(4):13-6.
26. Kreisler M, Al-Haj H, d’Hoedt B. Intrapulpal temperature
changes during root surface irradiation with an 809 nm GaAlAs
laser. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2002;93(6):730-5.
27. Nair PNR, Henry S, Cano V, Vera J. Microbial status of apical
root canal system of human mandibular first molars with primary
apical periodontitis after “one-visit” endodontic treatment. Oral

e72

28.

29.

30.

31.

OOOOE
July 2008

de Souza et al.

Surg Oral Med Oral Pathol Oral Radiol Endod 2005;99(2):
231-52.
Buck RA, Eleazer PD, Staat RH, Scheetz JP. Effectiveness of
three endodontic irrigants at various tubular depths in human
dentin. J Endod 2001;27(3):206-8.
Evans M, Davies JK, Sunqvist G, Figdor D. Mechanisms involved in the resistance of Enterococcus faecalis to calcium
hydroxide. Int Endod J 2002;35(3):221-8.
Siqueira JF Jr, Rôças IN, Favieri A, Lima KC. Chemomechanical
reduction of the bacterial population in the root canal after
instrumentation and irrigation with 1%, 2.5%, and 5.25% sodium
hyplochlorite. J Endod 2000;26(6):331-4.
Peciuliene V, Reynaud AH, Balciuniene I, Haapasalo M. Isola-

tion of yeasts and enteric bacteria in root-filled teeth with chronic
apical periodontitis. Int Endod J 2001;34(6):429-34.
32. Klim JD, Fox DB, Coluzzi DJ, Neckel CP, Swick MD. The diode
laser in dentistry. Rev Wavelengths 2000;8(4):13-6.
Reprint requests:
Eliana Barbosa de Souza, MSc
Departamento de Dentística – Endodontia
Faculdade de Odontologia da Universidade de São Paulo – FOUSP
Av: Lineu Prestes, 2227
Cidade Universitária – São Paulo, SP, Brazil 05508-900.
ebsouza@usp.br

The author has requested enhancement of the downloaded file. All in-text references underlined in blue are linked to publications on ResearchGate.

