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Abstract The aim of this study was to evaluate pulpal re-
sponses in healthy human teeth to photo-biomodulation ther-
apy (PBMT) with 904-nm GaAs diode laser. The study
followed a double-blind split mouth design, with a randomly
selected maxillary first premolar acting as a sham-irradiated
control tooth, and the contralateral tooth receiving active laser
treatment. Two coded but otherwise identical laser probes
(Irradia™, SpectraMedics Ltd., NC, USA) were used to de-
liver the sham (placebo) and laser radiation, with both the
operator and patient unaware of each probe’s identity. The
selection of teeth for sham or laser irradiation was randomised
for each treatment. Pulpal responses were assessed using elec-
tric pulp testing (EPT), 2 min prior to exposure, and immedi-
ately after laser irradiation (60 s, 30mWaverage power, 25 Hz
pulse frequency, 3.6 J/cm2). Treatment effects were analysed
using the Wilcoxon-signed rank test. A total of 30 participants
provided written informed consent. Majority of the partici-
pants (66.7 %) demonstrated an analgesic effect following
PBMT (elevated EPT scores); however, nine participants
(30 %) reported the lower EPT scores than the control. Both
the treatment effects (stimulation and analgesia) were signifi-
cant compared to the placebo. In most individuals, PBMT of
healthy teeth with a 904-nm GaAs diode laser can induce

analgesia, as witnessed by elevated EPT scores. A converse
effect can occur in a minority of subjects.
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Introduction

Despite the proven clinical efficacy of injected solutions of
local anaesthetics in dentistry, there is significant dental anx-
iety and fear associated with dental injections [1, 2]. To over-
come this concern, alternatives such as topical anaesthetic
formulations and needleless pressure injection systems have
been developed; however, their efficacy compared to conven-
tional injection techniques has been questioned [3].

Photo-biomodulation therapy (PBMT) with Nd:YAG and
Er:YAG pulsed lasers has been reported to induce pulpal an-
algesia [4–6] and represents a potential alternative to injected
local anaesthetics for hard tissue procedures performed on
teeth. On the other hand, near-infrared and visible red diode
lasers may attenuate nerve conduction in slowmyelinated and
unmyelinated nerve fibres [7–10]. Since these wavelengths
fall within the Boptical window ,̂ good penetration through
tooth structure and into the tissues of the dental pulp can be
expected [11]. Despite the positive results seen in previous
studies with Nd:YAG lasers in terms of analgesic effects [4,
5], it is unclear whether near-infrared diode lasers which emit
at shorter wavelengths can give useful analgesic actions. As
diode lasers are considerably more affordable and compact
compared to traditional solid-state lasers, they could be better
suited for use in everyday clinical dental practice.

The efficacy of 810–830 nm diode lasers in the treatment of
dentinal hypersensitivity (DH) lends support to their ability to
induce analgesic actions [12–20]. Current research has
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reported that PBMT with diode lasers for dentinal hypersen-
sitivity has similar efficacy to existing treatments, including
the applications of fluoride varnish [12] or potassium oxalate
gels (3 %) [15]. The desensitising effect of diode laser irradi-
ation appears unrelated to the occlusion of dentinal tubules
[21], and some studies have reported that direct analgesic
effects on the dental pulp may occur [6, 12, 22]. Although it
has been suggested by some authors that PBMTcan induce an
effect in both Aδ and C-fibres found in the dental pulp [8],
other studies have reported that only C-fibres are targeted [8].

Since there is a significant variation (Table 1) in the laser
parameters utilised in existing studies, it is difficult to ascer-
tain the ideal laser parameters for the treatment of DH and, by
extension, the appropriate settings to induce pulpal analgesia.
Laser fluences utilised for the treatment of dentinal hypersen-
sitivity vary between 2 [16] and 5 J/cm2 [13]. Although the
work of Marsilio et al. in 2003 [13] did not report significant
variations in treatment effect between laser fluences of 3 and
5 J/cm2, the effects of PBMT are known to be highly dose-
dependent [23, 24]. There are disparities in PBMT treatment
durations, which range from 25 [16] up to 190 s [15]. From the
present literature, it remains unclear if more rapid delivery of
laser energy influences the treatment effect.

Other disparities in the methodology used in past studies
include the type and duration of stimulus used to induce sen-
sitivity, as well as the subjective scales utilised to quantify
pain response. Although most studies of sensitivity have used
an air blast from a triplex syringe as a stimulus [12, 13,
15–17], this is a poor indication of pulpal analgesia in healthy
teeth without dentine exposure. Furthermore, the duration of

the air blast stimulus has not been standardised and varies
from as little as 1 s [15] to as much as 5 s [12, 13, 16].

Little is known regarding the efficacy of 904-nm GaAs
diode lasers for inducing pulpal analgesia. This laser wave-
length is longer than the visible red lasers (655–670 nm) used
in most past studies of DH; however, it is closer to the
1064 nm wavelength of the Nd:YAG laser utilised in previous
studies of pulpal analgesia [4, 11]. The present study was
undertaken to assess changes in pulpal response following
PBMT using a 904-nm GaAs diode laser irradiation. The hy-
pothesis of the study was PBMT with a 904-nm GaAs diode
laser does produce a significant change in EPT scores in
healthy teeth when applied on teeth or gingiva.

Whilst the null hypothesis was that PBMT with a 904-nm
GaAs diode laser does not produce a significant change in
EPTscores in healthy teeth when applied on teeth and gingiva.

Methods

The Ethics committee, Griffith University, Australia, ap-
proved this doubl-blind clinical study (DOH/26/12/HREC).
A total of 30 participants provided written informed consent.
Details of the subject selection process are presented in Fig. 1.
All participants were selected from a cohort of dental students,
based on the following selection criteria: age at least 18 years
and at least two comparable healthy permanent first premolar
teeth free of caries, restorations and other defects. Individuals
who suffered from DH, were on analgesic medications or
desensitising agents, who had cardiac arrhythmias or

Table 1 Reported treatment of methods for dentinal hypersensitivity with PBMT

Author and year
of study

Treatment Laser parameters Application of laser Measurement scale

Corona et al.
2003 [12]

660 nm GaAlAs diode laser 15 mW applied for 30 s total
(450 mJ total energy).
Power density 4 J cm−2

20 s in the cervical area
of tooth + 10 s at the
apex of tooth

5 s air blast and the
DH scalea

Dilsiz et al.
2010 [16]

808 nm diode + potassium
chloride desensitising
dentrifice

100 mW applied for 25 s
(2.5 J total energy). Power
density 2 J cm−2

Laser applied in
mesio-distal scanning
motion on exposed
root surface

5 s air blast and 10 cm
visual analogue scale

Marsilio et al.
2003 [13]

670 nm diode laser 1.Group A—3 J/cm2 for
1 min 54 s

2.Group B—5 J/cm2 for
3 min 10sb

Laser applied in buccal
cervical area

5 s air blast and 10 cm
visual analogue scale

Orhan et al.
2011 [17]

655 nm diode laser 4 J/cm2 applied over 160 s Laser applied to exposed
dentine surfaces in
sweeping motion

Air blast until first
response and 10 cm
visual analogue
scale

Vieira et al.
2009 [15]

660 nm diode laser 4 J/cm2 applied over
120 s

Laser applied on buccal,
lingual and apical areas

Air blast for 1 s + tactile
stimulus and 10 cm
visual analogue scale

a Four point Likert scale developed by Uchida (26)
b Total energy dose not report
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pacemakers, or who were currently undergoing fixed ortho-
dontic treatment were excluded.

Experimental groups

A split mouth design was utilised in this study, with each
participant being subjected to both laser and sham (placebo)
treatments delivered in a random sequence. Two comparable
contralateral teeth were used to assess the laser or sham
(placebo) effect. All patients and operators were required to
wear appropriate laser protective eyewear.

The 904-nm GaAs diode laser used in the study (Irradia™,
SpectraMedics Ltd., Stockholm, Sweden) consisted of a sham
(placebo) probe and an active laser treatment probe. These were
indistinguishable and were coded so that neither the operator nor
patient was aware of their identity. Data for electric pulp test
(EPT) readings were decoded following completion of the study.

For each participant, the two maxillary first premolar teeth
were assigned randomly by coin toss to receive one or other of
the treatment probes. This procedure also ensured that the
sequence in which the sham and laser treatments were applied
was also randomised, resulting in a robust double-blind con-
trol design.

Laser parameters

The laser was operated with an average power of 30 mW and
was pulsed at 25 Hz with a duty cycle of 50 %. The laser probes

were applied on the buccal surface of the first premolar tooth for
60 s. The total energy dose delivered to the tooth was 3.6 J. As
the area of the spot was 1 cm2, the energy density was 3.6 J/cm2.

Electric pulp test

The EPT methodology followed that from past studies of
pulpal analgesia with the Nd:YAG laser [4, 5]. In brief, the
rate at which current was delivered, standardised at 4 EPT
units per second. The EPT device (Analytic Endodontics,
Sybron Dental Specialties Inc., Orange, CA, USA) utilised
in this study has demonstrated a high degree of reliability in
previous clinical studies [26]. Each participant was instructed
to release their hand off the metal handle of the unit immedi-
ately when they perceived a mild or tingling sensation in the
tooth, which broke the current flow and stopped the measure-
ment. The EPT readout at the point of termination was then
recorded. Prior to laser or sham treatment, EPTwas conducted
on a non-experimental tooth to familiarise the participant with
the sensations experienced during the test. Pulpal responses to
EPT were assessed at similar positions on the tooth surface
before and after laser treatment. The test was performed in an
isolated and dry field three times prior to exposure to treatment
procedures to evaluate reliability of EPT response. Following
laser treatment, EPT values were recorded again. In accor-
dance with previous studies [4, 5], the effect of the treatment
was calculated by subtracting pre-intervention EPT scores
from post-intervention EPT scores, with a positive difference

Fig. 1 Sampling methodology
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indicating an analgesic effect, and a negative difference indi-
cating excitation or sensitivity effect.

Assessment of pulpal responses following root exposure

In addition to testing the pulpal response following coronal
laser exposures, the pulpal response was also assessed when
the laser treatment was applied to the gingiva overlying the
root of the tooth. This was performed on a random premolar at
a separate visit, at least 1 week from the previous laser expo-
sure and was similarly controlled using sham irradiation on
the contralateral side. The laser probe was applied gently on
the gingiva directly overlying the target tooth, approximately
10 mm from the gingival margin. EPT scores were measured
before and immediately after laser irradiation.

Data analysis

Data was compiled and analysed for normality using the
Shapiro-Wilk test. A repeated measure non-parametric analy-
sis (Wilcoxon-signed ranks test) was used, with the level of
significance set to p < 0.05. Data analysis employed the

Statistical Package for Social Sciences (SPSS) software ver-
sion 22.0 (IBM Corp., Armonk, NY, USA).

The analysis of treatment responses mapped the EPT scores
as being elevated by 10 % or more, showing a less than 10 %
change, or depressed by 10 % of more. The distribution of re-
sponses between the active and placebo (sham irradiated) groups
was compared using the chi-squared test for independence.
Values for individual sites before and after treatment were
assessed for linear correlation using the least squares method.
As there were no effects of gender, data for the experimental
interventions were combined for male and female subjects.

Results

A total of 35 participants provided informed consent, but five
were excluded as one participant had a fixed orthodontic ap-
pliance in the maxillary arch, and four subjects failed to attend
all sessions, resulting in a final sample size of 30 (Fig. 1). The
mean age of the participants was 22 years, with a range of 19–
54. There were 18 males and 12 females.

Fig. 2 Comparisons of treatment
responses. a and c show the
placebo groups, for tooth and
gingival sites, whilst b and d
show the active groups

Table 2 Summary of treatment
effects Group >10 % increase <10 % change >10 % decrease Total

Active 25 (47.2 %) 14 (26.4 %) 14 (26.4 %) 53 (100.0 %)

Placebo 0 (0.0 %) 52 (98.1 %) 1 (1.9 %) 53 (100.0 %)
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No adverse events from laser treatment were reported or
observed. No participants reported any discomfort or any oth-
er symptoms during laser irradiation. Furthermore, partici-
pants did not experience any lingering pain or sensations fol-
lowing either the EPT or laser irradiation procedures.

The overall assessment of response patterns is shown in
Table 2. Some 52 out of 53 paired assessments (98.1 %) of sites
treated using sham irradiation gave results that were within 10%
of the baseline value. In contrast, a greater than 10 % change in
EPT response was observed in more than half the teeth (52.8 %)
at sites treated with the active laser, signifying a significant treat-
ment effect. The difference in response patterns between active
and placebo treatments was significant (χ2 = 58.15, p < 0.0001).

The scatter plot of the data comparing the same sites before
and after treatment showed minimal change for the placebo
(sham irradiation), with minimal spread and a high positive
linear correlation very close to 1.0, indicating no significant
effects (Fig. 2a). Both analgesic effects (elevated scores) and
stimulation (depressed scores) occurred across the cohort. For
the active treatment, there were different effects for tooth and
gingival sites, with the greatest proportional changes seen for
tooth sites, especially for those with low baseline scores
(Fig. 2b–d). This is reflected in the lower slopes for the lines
of best fit for the active sites versus the placebo sites. The
study did not show any significant difference in the effect of
laser (active) irradiation on males versus females (Table 3).
Table 4 shows the regression coefficients of pre-intervention
EPT values and post-intervention EPT values.

Discussion

The present study indicates that under double-blinded condi-
tions, sham irradiation does not produce a significant effect,
whilst PBMT with a 904-nm diode laser alters the response

threshold, with the majority of teeth experiencing an elevation
in EPT scores, indicative of analgesia, whilst others show a
depression of EPT scores, signifying stimulation. These ef-
fects were greater for irradiation delivered at the level of the
teeth rather than the adjacent gingiva. Although this duality of
effects has yet to be reported for laser-induced analgesia, large
variations in the treatment effect of PBMT are a common
feature seen in previous studies, with both enhancement or
suppression of effects seen as doses vary [4, 5]. The magni-
tude of the effects seen, with EPTelevations of 10 or more, are
comparable to those reported by Chan et al. [5], who reported
a mean increase of 10.1 EPT units (SD = 12.7) following
Nd:YAG laser irradiation.

This variation in treatment effect is potentially related to the
dosage of the laser energy reaching the dental pulp, in line
with the Arndt-Schulz Law [11]. The specific dose–response
mechanisms of PBMT for pulpal analgesia remain unclear
from the current literature. Significant analgesic effects fol-
lowing LLLT have been observed in the treatment of DH
utilising fluences of approximately 4 J/cm2 [12, 13, 15, 17];
however, smaller doses (0.3–0.45 J/cm2) have also been re-
ported to be effective [5]. As the manufacturer recommended,
the current study utilised a fluence of 3.6 J/cm2; however, the
variation in pulpal response seen suggests that other factors
such as thickness and colour of the dental hard tissues may
have influenced the total energy dose delivered in the pulp and
hence the resulting pulpal effects. Differences in tooth shade
would influence the penetration of laser energy through the
teeth. In darker teeth, it is likely that more laser energy may
have been absorbed in endogenous pigments in tooth struc-
ture, causing stimulation through small increases in tempera-
ture. Likewise, this mechanism could explain the lesser effect
that PBMT has on pulpal sensibility when applied on the
adjacent gingiva rather than on the crown of the tooth itself.
The gingival tissue and underlying bone and periodontal lig-
ament through which the laser energy would need to pass
before entering the tooth structure could cause both scattering
of laser energy and partial attenuation from absorption
through water, haemoglobin and other chromophores.
Additional studies are needed to examine this aspect.

Despite variations of treatment effect between individual
teeth, the present study found no significant differences in the
treatment effect of PBMT according to gender. The possible

Table 4 Regression coefficients
of pre-intervention EPT values
and post-intervention EPT values

N Regression coefficient (95 %
confidence interval)

R2 ANOVA F

Coronal exposure–sham irradiation 30 0.98 (0.94 to 1.02) 0.99 2671 (p < 0.0001)

Coronal exposure–laser irradiation 30 0.36 (0.02 to 0.70) 0.14 4.53 (p < 0.05)

Radicular exposure–sham irradiation 23 0.52 (0.16 to 0.87) 0.31 9.09 (p < 0.01)

Radicular exposure–laser irradiation 23 0.97 (0.93 to 1.02) 0.99 1995 (p < 0.0001)

Table 3 Summary of treatment effects by gender

Group >10 % increase <10 %
change

>10 % decrease Total

Male 9 (28.1 %) 13 (40.6 %) 10 (31.3 %) 32 (100.0 %)

Female 5 (23.8 %) 12 (57.1 %) 4 (19.0 %) 21 (100.0 %)
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influence of gender on the effectiveness of PBMT has not
been explored in previous studies [4, 5].

The EPT method was used in this study to assess pulpal
responses, and by extension the presence and magnitude of
analgesic and stimulatory hyperalgesic effects. Previous
work by Whitters et al. in 1995 [4] and by Chan et al. in
2012 [5] also used EPT for assessing pulpal analgesia fol-
lowing Nd:YAG laser treatment. Although EPT is commonly
used in clinical dental practice to assess the health of the
dental pulp, it has also been used to evaluate the effective-
ness of various local anaesthetic agents [25–29], because of
its high reproducibility [30]. The utilisation of EPT scores
allows for comparisons between PBMT-induced analgesia
and traditional local anaesthetic agents.

The factors, which determine pulpal responses following
PBMT, remain poorly understood. As PBMT is inherently
dose-dependent [23], the laser dose entering the pulp chamber
is potentially confounded by individual variations in the colour
and thickness of the dental hard tissues [31]. It is hypothesised
that these individual variations may have resulted in the duality
of treatment effects (analgesia and stimulation) observed in this
study; however, further research is required to explore the indi-
vidual variations in the transmission of laser energy into the pulp.

It is evident that the current laser parameters are not yet
optimised for the induction of analgesia. As previous authors
have suggested [4, 5], a major future research direction for
PBMT is to determine the laser parameters capable of induc-
ing the maximum possible therapeutic benefit.

Conclusions

& In most individuals, PBMTof healthy teeth with a 904-nm
GaAs diode laser can induce analgesia, as witnessed by
elevated EPT scores.

& A converse effect can occur in a minority of subjects.
& It is important that further research be undertaken to es-

tablish the correlations between the absorbed dose and the
laser effects (analgesia or stimulation).

Compliance with ethical standards The Ethics committee, Griffith
University, Australia, approved this double-blind clinical study (DOH/
26/12/HREC). A total of 35 participants provided written informed
consent.
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