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Abstract This randomized placebo-blind study aimed to
evaluate the effect of laser phototherapy (LPT) on pain caused
by symptomatic irreversible pulpitis (SIP). Sixty patients di-
agnosed with SIP were randomly assigned to treatment groups
(n=15): G1 (control), G2 (laser placebo—sham irradiation),
G3 (laser irradiation at 780 nm, 40 mW, 4 J/cmz), and G4
(laser irradiation at 780 nm, 40 mW, 40 J/cmz). Spontaneous
pain was recorded using a VAS score before (T0), immediate-
ly after (T1), and 15 min after treatment (T2). Local anes-
thetics failure during emergency endodontic treatment was
also assessed. There was no pain difference in T1 and T2
between the experimental laser groups (G3 and G4) and the
placebo group (G2). The 4-J/cm? (G3) irradiation resulted in
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significant increase in the local anesthetics failure in lower jar
teeth. This effect could be suggested as consequence of the
LPT improvement in local circulation and vasodilatation that
would result in the increase of local anesthetic agent absorp-
tion. The application of 780-nm diode laser irradiation, at 4
and 40 J/em?, showed no effect in reducing the pain in SIP in
comparison to the placebo group. The fluence of 4 J/cm?
showed a negative effect in local anesthetics, resulting in sig-
nificant increase of complimentary local anesthesia during
emergency endodontic treatment. This work provides evi-
dence of the consequence of LPT application on teeth with
symptomatic irreversible pulpitis. LPT should be avoided in
teeth with pain due to irreversible pulpitis.

Keywords Laser phototherapy - Tooth pain - Pulpitis -
Anesthetics

Introduction

The pressure built up in the pulp cavity during pulp inflam-
mation results in the nerve fiber pressure. This pressure causes
mild to extreme pain, depending on the severity of the inflam-
mation and the body’s response [ 1]. Laser phototherapy (LPT)
has been shown to effectively relive pain of various etiologies
[2, 3]. Particularly, infrared laser wavelength is widely used in
pain modulation due to deeper penetration into tissues [4]. The
exact mechanism of laser-induced pain relief is not yet
completely understood; however, some hypotheses are de-
scribed in literature. It has been postulated that LPT: 1—mod-
ulates the threshold of nociceptors [5]; 2—modulates inflam-
mation by reducing prostaglandin E,(PGE;) concentrations,
thus inhibiting cyclooxygenase 2 (COX-2) [6, 7]; 3—reduces
tumor necrosis factor & (TNF-«x) [8]; 4—enhances the release
of endorphins [9]; and 5—enhances local hemodynamic, thus
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aiding the removal of pain-causing substances from the site of
lesion [10, 11]. LPT, in vivo, has been shown to cause micro-
circulatory changes [12]. A significant arteriolar vasodilata-
tion and a consequent increase of blood flow in microcircula-
tion after irradiation with low power laser through infrared
wavelength (830 nm) was described [12].

Although some mechanisms of laser induced pain
relief as nociceptor threshold modulation, PGE, reduc-
tion and increase in endorphin release could interpose
positively in an acute pulp pain; others, as the increase
of blood flow, could cause more pressure inside the
pulp chamber, resulting in pain increase. At the present,
it is not known if LPT would be beneficial or detrimen-
tal regarding pain during symptomatic irreversible
pulpitis (SIP). This randomized placebo-blind study
aimed to investigate the effect of LPT on pain caused
by SIP.

Material and methods

This phase I clinical trial was conducted according to the
Helsinki declaration, and was approved by the ethical com-
mittee of the School of Dentistry, University of Sao Paulo
(#.08509912.3.0000.0075). Each patient signed a written in-
formed consent to participate in the study, which was regis-
tered within ClinicalTrials.gov (NCT02169102).

Sixty adult patients participated in this study. All the pa-
tients were admitted to the Emergency Center of the School of
Dentistry at the University of Sdo Paulo.

The inclusion criteria were as follows: (1) patient with
more than 18 years, (2) complain at the moment of the atten-
dance of acute actively dental pain due to irreversible inflam-
mation, and (3) prolonged pulp response to cold testing with
Endo-Frost (Coltene-Roeko, Langenau, Germany).

The exclusion criteria were as follows: (1) pregnant and
breastfeeding women, (2) exposed dental pulp, (3) necrotic
dental pulp, and (4) patients making use of any medication
that could interfere on pain.

After being diagnosed with irreversible pulpitis, the pa-
tients were randomly allocated in study groups by the
Research Randomizer (computer software) (Version 4.0)
[13]. The patients were blind to the treatment received.

Study groups

Group 1: control (no treatment)

Group 2: laser placebo (sham irradiation—equipment
was turned off)

Group 3: laser irradiation at 40 mW, energy density: 4 J/
cm?, energy per point: 0.16 J/point, total energy applied:
0.32 J. Two points of irradiation (4 s/point) were per-
formed: the first perpendicularly to the tooth in the
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middle third of the crown and the second perpendicularly
to the periapex.

Group 4: laser irradiation at 40 mW, energy density: 40 J/
cm?, energy per point: 1.6 J/point, total energy applied:
3.2 J. Two points of irradiation (40 s/point) were per-
formed: the first perpendicularly to the tooth in the mid-
dle third of the crown and the second perpendicularly to
the periapex.

The low power laser used has beam area of 0.04 cm?
(MMOPTICS™, Sio Carlos, Brazil). Before every laser irra-
diation, the power output was confirmed through a power
meter (Laser Check, MMOptics, Sdo Carlos, Brazil).

Before any clinical intervention, the patients were
instructed to report initial pain (T0). Each patient pain
level (spontaneous pain) was recorded before the initia-
tion of each treatment procedure using a VAS score (0—
10 scale: 0, no pain; 10, extremely severe pain) [14].
After the initial pain report, the patients were submitted
to respective treatment according to the group alloca-
tion. Post-treatment pain levels were recorded immedi-
ately after treatment (T1) and 15 min later (T2). After
that, local anesthesia was performed by the same oper-
ator using 2 % mepivacaine with epinephrine 1:100.000
(Mepinor®, DFL, Brazil), and emergency endodontic
treatment was executed. The requirement of complimen-
tary local anesthesia during emergency endodontic treat-
ment was evaluated.

Statistical analysis

The pain score among the experimental groups was analyzed
using a nonparametric Kruskal-Wallis analysis. Dunn’s test
was used for multiple comparisons. The differences in the
need of complimentary anesthesia between the groups were
statistically analyzed using a nonparametric Chi-squared test.
Separate analyses of the upper and lower teeth regarding the
need of complimentary anesthesia were performed using
Fisher test. The level of significance was set at 5 %.

Results

A flow chart of the progress of this randomized placebo-blind
study, according to the CONSORT statement, is included
(Fig. 1) [15]. The baseline characteristics from the 60 patients
(60 teeth) enrolled in this study is given in Table 1.

The preliminary statistical analysis confirmed no evidence
of selection bias in terms of the treatment group assignment.
There was no statistical difference regarding the initial pain
(TO) reported between the groups (p = 0.5445).
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Fig. 1 Consort flow diagram
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Pain reported in T1 and T2

In T1, the group 2 (placebo), group 3 (4 J/cm?), and group
4 (40 J/em?®) presented significant pain reduction in com-
parison to the group 1 (control group). However, all the
laser groups (groups 3 and 4 that applied 4 and 40 J/cm?,
respectively) did not present difference in comparison to
the group 2 (placebo) (Table 2). In T2, the group 2
(placebo) and group 3 (4 J/cm?) presented significant pain
reduction in comparison to the group 1 (control group).
All the laser groups (groups 3 and 4 that applied 4 and
40 J/em?, respectively) did not present difference in com-
parison to the placebo group (Table 2).

Need of complementary anesthesia

During emergency endodontic treatment, the need of comple-
mentary anesthesia was assessed. Analysis of the need of
complementary anesthesia in all the teeth (no distinction re-
garding upper and lower jaw teeth) has shown that laser irra-
diation at 4 J/cm® (group 3) presented a significant increase in
the requirement of complementary anesthesia (p = 0.028). The
other groups did not show significant difference. The separate
analysis of the upper jaw teeth did not show any significant
difference regarding the need of complementary anesthesia
(»p=0.701). The separate analysis of lower jaw teeth has
shown that laser irradiation at 4 J/cm? (group 3) presented a

Table 1 Preoperative

demographic features and pain Groups
characteristics of patients in each
group Group 1 Group 2 Group 3 Group 4
(Control) (Placebo) (Laser at 4 J/cm?) (Laser at 40 J/cm?)
(n=15) (n=15) (n=15) (n=15)
Age (years) 33.7+11.6 31.1+13.8 34.6+13.04 303+11.8
Gender
Male 4 5
Female 11 10
Jaw
Upper 5 7
Lower 10 8
Tooth type
Anterior 2 0 0 0
Posterior 13 15 15 15
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Table 2 Threshold of pain

reduction in percentage, reported Group 1 Group 2 Group 3 Group 4
by patients immediately after (Control) (Placebo) (Laser at 4 J/cm?) (Laser at 40 J/cm?)
treatment (T1) and 15 min later
(T2) 2.1 Comparison of pain reduction percentage between groups in T1
Average 0%*" 44 % ° —45 % ° -2 %"
Standard deviation +6 % +32 % +39 % +47 %
2.2 Comparison of pain reduction percentage between groups in T2
Average +4 %° —45 %° —42 % <P —28 % 2P
Standard deviation +17 % +50 % +54 % +50 %

Statistically significant difference between groups is indicated by different letters (p <0.05)

significant increase in the requirement of complementary
anesthesia (p =0.023). The percentage of complementary
anesthesia required in lower jaw teeth is illustrated in
Fig. 2.

Discussion

Laser phototherapy (LPT) has been shown benefits on
pain relief, regardless of its etiology [2]. In acute pain,
LPT has shown properties in inflammatory process
modulation in a dose-dependent manner [16]. In symp-
tomatic irreversible pulpitis (SIP), however, the effect of
LPT is not known. The pain of SIP is generally severe
and acute, leading patients to seek treatment as quickly
as possible [17]. Because of the high sensitivity of the
inflamed vital pulp, in SIP, it cannot always obtain a
satisfactory anesthetic effect, which would make some-
times neither patient nor clinician confident and com-
fortable with the treatment [18]. In some cases of SIP,
failure of inferior alveolar nerve block can be detected.
It has been reported in clinical studies that failure of
inferior alveolar nerve block happens between 44 and

Fig. 2 Percentage of
complementary anesthesia need
in lower jaw teeth during 120

emergency endodontic treatment 100

81 % of patients with SIP [19-24]. The control of pain,
anxiety, and fear is important step for a successful SIP
treatment [25].

Some theories describe that LPT leads pain relief
through the modulation of inflammatory mediators, reduc-
ing the levels of PGE, and inhibiting COX [6, 7]. As
prostaglandins are one of a vast arrays of inflammatory
mediators found in the dental pulp in patients experienc-
ing SIP [26], it would be expected that LPT could modu-
late acute dental pain. In addition, it has been postulated
that LPT induces athermal photochemical reactions that
modulate nerve transmission, thereby altering the pain
threshold of nociceptors [27]. There are also evidences
that LPT enhances the release of endorphins [28]. So,
considering LPT properties, if effective in SIP, it would
be suggested as an additional therapeutic tool in the emer-
gency endodontic treatment through pain modulation, and
consequently indirect control of anxiety and fear.
However, the present study did not detect a positive out-
come of LPT in pain modulation. The results found
showed a high standard deviation. As pain is a subjective
experience, a high standard deviation in the results could
be expected. This study was conducted between February

Need of complementary anesthesia considering lower jaw teeth

¥ No need of

e g complimentary
S .
=4 anesthesia
o 60
e
a Need of
” complimentary
anesthesia
0
Group 1 Group 2 Group 3 (Laser Group 4 (Laser
(Control) (Placebo) at4J/em2)  at40J/cm?2)

@ Springer



Lasers Med Sci (2016) 31:1899-1905

1903

2013 and October 2014, and between this period, 60 pa-
tients could be selected for the study (n=15). One limi-
tation of the study was the sample size and high standard
deviation found.

Another effect of LPT described in literature in
several tissues is the increase of local microcirculation,
thereby reducing pain and swelling [2]. Considering
etiology and anatomical characteristics that influence
SIP, it would be expected that the increase of blow flow
would cause an immediate increase of pain, once the
increase blood flow would enhance the pressure inside
the pulp chamber. However, the present study did not
detect any outcome of LPT regarding increase of spon-
taneous pain. The negative outcome detected after LPT
in the present study was related to anesthetic failure.
After LPT at 4 J/cmz, a significant increase in anesthetic
failure was detected.

Among several theories that describe the possible
reasons of anesthetic failure in SIP are the lower tissue
pH present in inflammation and infection, anatomic
variation, tachyphylaxis of anesthetic solution [17], and
the most readily acceptable reason, which is the activa-
tion of nociceptors by inflammation mediated by
prostaglandins generated by cyclooxygenase (COX)
pathways [17, 29]. Nociceptors could express a
tetrodotoxin-resistant class of voltage-gated channels,
which are resistant to local anesthetics and sensitive to
prostaglandin. This ensures that the voltage-gated chan-
nels could not be blocked by inferior alveolar nerve
block [17]. Consequently, some studies evaluated the
effect of nonsteroidal anti-inflammatory drugs
(NSAIDs) that inhibit COX activities and further inhibit
the production of prostaglandin on pain, with positive
results [17]. However, the adverse effects of NSAIDS
cannot be neglected [17], and further studies are need
concerning the finding of improving anesthetics in these
cases of failure. As LPT can reduce the levels of PGE,
and COX [6, 7], without side effects, an improvement
in local anesthetics in case of SIP would be expected,
but this effect was not detected in the results found in
this clinical trial. On the contrary, a significant increase
in anesthetic failure was detected.

In the results found in this study, both fluences tested
(4 and 40 J/cm?) at 780 nm wavelength showed an
immediately (T1) significant reduction of pain in com-
parison to the control group. However, the difference
was not significant in comparison to the placebo group.
In T2, 15 min after LPT, only 4 J/em® maintained a
significant reduction of pain in comparison to the con-
trol group. However, there is also no significant differ-
ence in comparison to the placebo group. According to
the literature, the magnitude of placebo analgesia is
highly variable and depends on several contextual

factors [30]. The context of the patients that seek emer-
gency dental treatment in the School of Dentistry,
University of Sao Paulo, involves low socio-economic
status meaning they cannot afford a private dental treat-
ment. The patients have been presenting pain for some
hours or days, or have already experienced acute dental
pain previously. This reflects a patient with anxiety and
stress, aiming for pain relief. Placebo analgesia often
occurs under conditions wherein subjects want a thera-
peutic agent to provide pain relief [31]. That is, an
individual’s desire for reduction of pain may also direct-
ly contribute to subsequent pain relief by providing a
need to experience a treatment as effective [31]. The
possible mediating role of motivation or desire for relief
could indirectly account for the increase in placebo re-
sponse with the severity of clinical pain [32]. It might
also account the observation that placebo responses in-
crease as a function of its duration and severity in ex-
perimental pain [31]. In this context, it is to be expected
that patients that joined this study experienced severe
acute dental pain during hours or days; consequently,
they can be considered more susceptible to respond with
a placebo analgesic effect when a new therapy is pro-
posed. As a result, in the present study, any LPT effect
on SIP could not be detected due to the high placebo
effect found.

This study assessed the need of complementary anes-
thesia during emergency endodontic treatment. LPT at
fluence of 4 J/em? leads to a significant anesthetic failure
in the lower jaw teeth in 100 % of the patients. By this
way, it could be suggested that the increased blood flow
effect was caused by LPT over sizing other mechanisms,
and resulted in an increase in anesthetic failure. A review
of literature discussed a possible antianesthetic effect of
LPT [33] that could support the results found in the
present study. Authors reviewed literature regarding the
effect of LPT applied for postoperative pain management
[33]. In surgeries, the maximal intensity of pain occurs
during the first hours, when the local anesthetic has worn
off [33]. Theoretically, postoperative pain control can be
increased with the use of a local anesthetic with a more-
prolonged action [33]. An antianesthetic effect may block
these effects. It is discussed in the publication that LPT
improves local circulation and increases vasodilatation;
therefore, it would increase the absorption of a local
anesthetic agent [33]. Consequently, local anesthesia presented
shorter duration, and postoperative pain manifested earlier in
comparison to patients that were not submitted to LPT [33].
This effect could also occur in SIP condition in the present study.
The improvement of local circulation after LPT could result in
the increase of the local anesthetic agent absorption, and there-
fore, complementary anesthetics were needed. Other study con-
firmed in vivo the effect of laser (1064-nm Nd:YAG laser) in
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pulpal blood flow rate increase [34]. According to authors, the
pulpal blood flow was strongly influenced immediately after
Nd:YAG laser irradiation [34]. Despite the difference in wave-
length, the results found in the present could be suggested as a
result from increase blood flow circulation in SIP.

In the present study, two different fluences of laser irradia-
tion were tested (4 and 40 J/cm?) at 780 nm wavelength. Most
responses of LPT, whether positive or negative, occurred after
4 J/em®. The use of the fluence of 40 J/cm? showed minimal
tissue answer after irradiation. The higher energy could have
inhibited cell activity [16] and consequently could result in
less tissue response, whether positive or negative.

Although in this study, no benefit of LPT in SIP was de-
tected with the parameters of 780 nm, 40 mW, 4 J/em?, and
40 J/cm?, it is important not to rule out any benefit of LPT in
inflammation modulation in SIP. In literature, there are few
studies investigating the effect of LPT in modulating inflam-
mation in endodontics. A randomized clinical trial showed
significant pain reduction and inflammation modulation in
symptomatic apical periodontitis using a 1064-nm Nd:YAG
laser irradiation inside the root canal in addition to conven-
tional root canal treatment [ 14]. Considering the wide range of
laser wavelengths available and the numerous combinations
of possible parameters that can be applied in LPT, further
studies should be performed in order to enrich the knowledge
regarding inflammation, pulp, pain, and LPT. Additionally,
molecular answers after LPT applied in irreversible pulpitis,
as decrease PGE,, or detection of blood flow should be stud-
ied in order to confirm any hypothesis suggested in this clin-
ical trial. In conclusion, considering the limitations of this
study, 780-nm diode laser irradiation at 4 and 40 J/em?
showed no effect in reducing the pain in SIP in comparison
to the placebo group. The fluence of 4 J/em® showed a nega-
tive effect in local anesthetics, resulting in significant increase
need of complementary local anesthesia during emergency
endodontic treatment. This work provides unpublished results
of the consequence of laser phototherapy application on teeth
with symptomatic irreversible pulpitis.
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