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Abstract To assess the effectiveness of diode low-level laser
therapy (LLLT) for orthodontic pain control, a systematic and
extensive electronic search for randomised controlled trials
(RCTs) investigating the effects of diode LLLT on orthodontic
pain prior to November 2014 was performed using the
Cochrane Library (Issue 9, 2014), PubMed (1997), EMBASE
(1947) and Web of Science (1956). The Cochrane tool for risk
of bias evaluation was used to assess the bias risk in the cho-
sen data. A meta-analysis was conducted using RevMan 5.3.
Of the 186 results, 14 RCTs, with a total of 659 participants
from 11 countries, were included. Except for three studies
assessed as having a ‘moderate risk of bias’, the RCTs were
rated as having a ‘high risk of bias’. The methodological
weaknesses were mainly due to ‘blinding’ and ‘allocation
concealment’. The meta-analysis showed that diode LLLT
significantly reduced orthodontic pain by 39 % in comparison
with placebo groups (P=0.02). Diode LLLT was shown to
significantly reduce the maximum pain intensity among
parallel-design studies (P=0.003 versus placebo groups; P=
0.000 versus control groups). However, no significant effects
were shown for split-mouth-design studies (P=0.38 versus
placebo groups). It was concluded that the use of diode LLLT
for orthodontic pain appears promising. However, due to
methodological weaknesses, there was insufficient evidence
to support or refute LLLT’s effectiveness. RCTs with better
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designs and appropriate sample power are required to provide
stronger evidence for diode LLLT’s clinical applications.
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Introduction

Pain and discomfort have long been among the most significant
side effects of orthodontic treatment. An extensive prevalence
of pain, ranging from 70 % in Caucasian populations to 95 % in
Asian populations, has been reported in a large variety of or-
thodontic treatment modalities, including fixed and removable
appliance therapy, separator and band placement, orthopaedic
force application and even bracket de-bonding [1]. It has been
well documented that orthodontic pain has a negative effect on
patients’ quality of life. About half of patients have reported
difficulties in physiological abilities such as chewing and biting
following orthodontic treatment [2]. A longitudinal prospective
study conducted by Zhang et al. showed that the oral health-
related quality of life (OHQoL) of adolescents significantly
deteriorated during fixed appliance treatment, with major man-
ifestations in physical symptoms and functional limitations [3].
Liu et al. reported a similar finding among adult orthodontic
patients [4]. Furthermore, surveys have shown that pain expe-
rience is a key barrier to the completion of treatment processes
by orthodontic patients [5].

Despite the frequency of pain experience, insufficient evi-
dence regarding the exact underlying mechanism has been
obtained. Existing evidence shows that the application of or-
thodontic forces creates compression and tension zones in the
periodontal ligament followed by a cascade of reactions:
changes in blood flow, the release of inflammatory cytokines
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(prostaglandins, substance P, histamine, encephalin, leukotri-
enes, etc.), the stimulation of afferent A-delta and C nerve
fibres, the release of neuropeptides and hyperalgaesia [6, 7].

Pain symptoms can be influenced by various factors, such
as age, gender, psychological state, pain experience and cul-
tural background, yet they progress in a similar pattern after
the placement of orthodontic appliances [1]. Symptoms nor-
mally appear several hours after the force application, peak
after 18-36 h and gradually decline to the baseline level within
7 days [8, 9].

Several treatment strategies have been suggested for the
management of orthodontic pain, among which analgesics
remain the major option. Non-steroidal anti-inflammatory
drugs (NSAIDs) have been proven to be effective in pain
control by inhibiting the cyclooxygenase enzyme system,
leading to decreased synthesis of prostaglandins [10, 11].
However, the hindering of subsequent osteoclastic activity,
causing reduced tooth movement rate, is a major concern for
NSAIDs [12]. Moreover, common adverse effects, such as
allergies, gastric ulcers and bleeding disorders, prevent the
wide use of NSAIDs in clinical practice [10, 11]. Apart from
medication, other methods, such as vibratory stimulation,
chewing gum or a plastic wafer and transcutaneous electrical
nerve stimulation, have been recommended for pain manage-
ment [8, 13, 14]. However, the clinical application of such
alternatives has been limited due to poor tolerance, unclear
effects and scant evidence.

In recent years, low-level laser therapy (LLLT) has
attracted increasing attention because of its unique advantages
in analgesia, bio-stimulation and lack of adverse effects
[15-18]. In contrast to high-powered surgical lasers, low-
level lasers, also known as soft or low-intensity lasers, are
classified as therapeutic lasers [17-19]. LLLT is defined
as laser therapy with a low-energy output to keep the
temperature of the treated tissue below 36.5 °C or nor-
mal body temperature [19]. Thus, compared to the
utilisation of high-intensity lasers in cutting, ablation
and thermal coagulation of tissue, low-level lasers have
been demonstrated to have a non-thermal and
biomodulative effect on the respiratory chain system
within the membranes of mitochondria, triggering in-
creased production of ATP, the ‘energy currency’ for
cells [20]. This explains why LLLT have been shown
to benefit wound healing and accelerate orthodontic
tooth movement [15, 21]. Another important application
of LLLT is for pain relief [16, 17]. However, the un-
derlying mechanism remains unclear. LLLT has been
reported to modify nerve conduction by affecting the
synthesis, release and metabolism of various neurochem-
icals, including endorphins and encephalin [18]. It has
also been postulated that the effects of LLLT on pain
relief can be attributed to four aspects: inhibitory effects
on nerve de-polarisation (especially C fibres), the
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reactivation of enzymes targeted at pain-inductive fac-
tors, the production of energy molecules (ATP) and
the reduction of prostaglandin levels [22, 23].

Several types of low-level lasers have been found to have
analgesic effects on pain caused by orthodontic mechanical
stimuli, including the helium-neon laser, the carbon dioxide
laser and the diode laser [24—26]. Introduced in 1980s, the
relatively compact and low-cost diode laser, also known as a
semi-conductive laser, has become the most widely used laser
in dentistry. Based on its wavelength in the red and near-
infrared region (600—1,000 nm), diode lasers can penetrate
into deep tissues, promising desired effects on orthodontic
pain control [18]. Moreover, diode laser devices offer greater
optical efficiencies compared to its gas laser counterparts [17].
Two major types of low-level diode lasers, the GaAlAs laser
(wavelength 780—890 nm) and the InGaAIP laser (wavelength
630-700 nm), have been used for orthodontic pain manage-
ment [18]. In spite of the implicit merits of low-level diode
lasers observed in a large number of clinical cases and trials,
there is still no consensus on its exact analgesic effects be-
cause of inconsistent laser parameters, complex placebo ef-
fects and large inter-subject variations contributing to conflict-
ing outcomes [17-19].

Although a few efforts have been made to assess the effect
of LLLT on orthodontic pain management [27, 28], little at-
tention has been paid to the specific effects of the most popular
diode laser. Thus, a systematic review is essential for
evidence-based clinical research and practice. This systematic
review evaluated the effectiveness of diode LLLT on the man-
agement of pain induced by mechanical stimuli for orthodon-
tic tooth movement based on outcomes from randomised con-
trolled trials (RCTs).

Materials and methods

This systematic review was performed with reference to the
Cochrane Handbook for the Systematic Review of Interven-
tions and the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) [29, 30].

Search strategy

An extensive literature research was conducted with the
Cochrane Library (Issue 9, 2014), PubMed (1997), EMBASE
(1947) and Web of Science (1956) for RCTs investigating the
effect of diode LLLT on orthodontic pain without language
limitations prior to November 2014. The reference lists of the
retrieved articles were also reviewed. No additional hand
searching of journals was performed. The search terms for
orthodontic treatments consisted of ‘orthodontic’, ‘tooth
movement’, ‘separator placement’, ‘archwire placement’, ‘ca-
nine retraction’ and ‘fixed appliance’; the search terms for the
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symptoms under investigation consisted of ‘pain’, ‘discom-
fort” and ‘analgesia’, and these terms were combined with
synonyms for LLLT, including ‘laser’, ‘laser therapy’, ‘laser
irradiation’, ‘phototherapy’, ‘low-level laser’, ‘low-intensity
laser’, ‘low-output laser’, ‘soft laser’, ‘semiconductor laser’,
‘diode laser’, ‘GaAlAs laser’ and ‘InGaAlP laser’.

Eligible Criteria
Inclusion criteria are as follows:

1. The studies were RCTs examining the efficacy of diode
LLLT on orthodontic pain control.

2. The participants received orthodontic treatment with me-
chanical forces directly exerted on the periodontal liga-
ments of the teeth (e.g. fixed appliance therapy, separator
placement, etc.) There were no limitations on the age,
gender, ethnicity and socio-economic status of the
participants.

3. The participants were allocated to an experimental group
or placebo/control group. The experimental group was
treated with a low-level diode laser. The placebo group
received a pseudo-laser application in identical settings
without laser activation. No laser treatment was conduct-
ed on the control group.

4. The outcome variables included the prevalence, time
course and intensity of pain assessed by means of a visual
analogue scale (VAS) and/or questionnaires.

Exclusion criteria are as follows:

1. The literature was characterised as review articles, case
reports, descriptive studies, opinion articles, abstracts, an-
imal experiments or in vitro studies.

2. The participants had any systematic or dental diseases or
were under medication that may have affected orthodontic
tooth movement or pain perception.

Two reviewers screened the titles and abstracts of the stud-
ies independently. Subsequently, full-text reports were re-
trieved for all of the articles judged as potentially eligible or
unclear due to insufficient information for a detailed evalua-
tion. Cohen’s kappa test was used to assess the inter-reviewer
reliability of the study selection, assuming 0.6 as an acceptable
threshold value. Disagreements on the eligibility of studies
were resolved by discussion between the two reviewers.

Assessment of risk of bias

The assessment of the bias risk was conducted in accordance
with the Cochrane Tool for risk of bias assessment [29]. The
methodological quality of each included study was judged
with respect to the risk status (‘low’, ‘unclear’ and ‘high’) in

seven domains, covering bias in selection, performance, de-
tection, attrition, reporting and other aspects. The comprehen-
sive methodological quality of a study was classified as low
risk of bias (six domains assessed as ‘low risk”), moderate risk
of bias (one or more domains assessed as “unclear risk’) and
high risk of bias (one or more domains assessed as ‘high
risk”).

Extraction of data

The following information was extracted from the included
studies: the randomisation method, allocation concealment,
blinding, study design, demographic features, sample size,
lost to follow-up, orthodontic treatment approach, laser pa-
rameters and regimen, outcome measurements, adverse ef-
fects, assessment interval and follow-up duration.

Statistical analysis

The meta-analysis was conducted using RevMan 5.3. The
mean difference (MD) with a 95 % confidence interval (CI)
was adopted for continuous data, such as the VAS score and
time course of pain. To assess the intervention effect on the
maximum and mean pain intensity, the generic inverse vari-
ance method was applied to the combined data from studies
with parallel designs and split-mouth designs [31]. In cases for
which the standard error (SE) of the effect estimate was not
available or not calculable from the raw data, the method of
variance imputation was used to estimate the variance values
[29]. Because one study only presented the MD and SE of a
paired comparison, the generic inverse variance method was
also applied to estimate the effect on the termination of pain
[32]. The intervention effect based on a dichotomous outcome
(prevalence of pain) was measured by the relative risk (RR)
with a 95 % CI. The heterogeneity of the data was assessed by
P statistics at a=0.10. A random-effects model was applied if
substantial heterogeneity was detected (7°>50 %), otherwise a
fixed-effects model was used. The statistically significant lev-
el for the hypothesis test was set at «=0.05 for two-tailed z
tests. A subgroup analysis was conducted with respect to dif-
ferent study designs (split-mouth or parallel design), if
possible.

Results

Search results

Initially, 186 studies were identified through the electronic
search, of which 99 studies remained after removing dupli-
cates. During the first stage, 76 studies were excluded based

on the evaluation of the titles and abstracts (inter-reviewer
agreement, kappa=0.91). In the second stage, after screening
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the full-text articles of the remaining 23 studies, a total of 14
eligible studies were included for the systematic review (inter-
reviewer agreement, kappa=0.94) [36-—49]. The whole selec-
tion process is shown in Fig. 1.

Characteristics of included studies

The included studies were conducted in 11 countries with sam-
ple sizes varying from 12 to 120 and participants’ ages ranging
from 11 to 33 years. Among the 14 studies, 9 used a split-mouth
design, whereas the rest used a parallel design. The most com-
monly used model to trigger orthodontic pain appeared to be
separator placement, followed by canine retraction and
archwire placement (Table 1). The majority of studies used a
GaAlAs diode laser, with a wavelength between 800 and
830 nm. However, the output power and energy varied greatly
among studies (0.18-9 J per treatment point). The application
methods of the diode laser were also diversified among the
studies. Most studies irradiated several points along or sur-
rounding the root with direct contact between the laser tips
and the alveolar mucosa. A single-application method was ob-
served in about half of studies, whereas for multiple-application
approach, additional irradiations were typically applied within
1 week after the orthodontic treatment (Table 2). With regard to
the evaluation method, almost all of the studies used a VAS for
measuring pain intensity. Several studies also used self-
designed questionnaires to investigate the time course of pain.
The most frequently applied follow-up period was 7 days after
the force application, which coincided with the commonly re-
ported progress pattern of pain (Table 1).

Assessment of methodology quality

The results of the methodological quality assessment were
shown in Figs. 2a, b. Of the 14 included studies, only 3 were
assessed as having a moderate risk of bias, whereas the rest all
implied a high risk of methodological drawbacks [32, 38, 43].
Among all seven domains, ‘blinding of key personnel’
accounted for the principal risk factor affecting methodology
quality. Only four studies reported that a double-blind method
was used to prevent participants and key personnel from per-
ceiving the assignment to diode LLLT or placebo (control)
[32, 41, 43, 44]. One study failed to explicitly mention the
blinding measure adopted in the experiment and assessment
process [38]. However, the majority of studies applied a
single-blind method, in which the participant was blinded
and the operator who performed the intervention was aware
of the grouping information. Although all of the studies were
presented as randomised, one study used an inadequate se-
quence generation method [33]. The most commonly used
randomisation methods were based on computer programs
[37, 38, 43] and random number tables [36, 44]. Three trials
used block randomisation to ensure a balance in the assign-
ments to the experimental or placebo (control) groups [32, 39,
43]. One study used the Latin Square method for
randomisation [41]. Another key risk factor was that most
studies failed to state which method they used to conceal the
allocation sequence, except four studies [32, 37, 41, 43].
Moreover, one study presented incomplete outcome data
without adequately addressing the missing information [44].
Apart from these clearly defined categories of bias risk, one
trial recruited participants among dental students, limiting the

Fig. 1 PRISMA flow diagram of
the study inclusion process

186 of records identified through database searching
PubMed n = 66: Web of Science n = 46;
EMBASE n = 52; Cochrane Library n = 22

| 99 of records after duplicates removed |

| 99 of records screened |

> | 76 of records excluded

| 23 of full-text articles assessed for eligibility |

9 of full-text articles excluded:
Inappropriate study design n = 4;
Irrelevant laser type n = 3;

Irrelevant outcome measurement n = 1;
Non-retractable datan = 1

v

14 of studies included in systematic review
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generalisation of the conclusion to the entire population [41].
The laser was applied by the participants instead of by a well-
trained clinician, suggesting a risk of bias induced by a poten-
tial inconsistency in intervention [42]. None of these included
studies provided sufficient information for the judgement of
‘selective outcome reporting’.

Effect of diode LLLT on orthodontic pain control
Prevalence of pain

Two studies reported the detailed number of participants
experiencing pain after orthodontic treatment, enabling a syn-
thesising of the data by meta-analysis. The effect of the inter-
vention was presented with a forest plot (Fig. 3). It was shown
that diode LLLT reduced the prevalence of orthodontic pain
by 39 % at a significant level compared with the placebo
group (RR=0.61, 95 % CI range: 0.41 to 0.92, P=0.02; y>=
2.84, P=0.09, =65 %).

End of pain

The time course of pain was investigated in two studies via
questionnaires modified from that used by Harazaki, provid-
ing continuous data for the meta-analysis of the endpoint of
pain (Fig. 4a, b). A forest plot revealed that pain subsided
significantly earlier in the laser-irradiated group compared
with the placebo group (MD=-2.28, 95 % CI range —2.75
to —1.81, P<0.00001), with insignificant heterogeneity in
the data (x*=1.15, P=0.28, ’=13 %). The comparison of
the laser-treated versus control groups showed a similar pat-
tern (MD=-2.12, 95 % Cl range —2.59 to —1.64, P<0.00001;
x*=0.47, P=0.49, ’=0).

Pain intensity

Adequate continuous data concerning the most severe pain
level measured with a VAS score was available in six studies,
which were further divided into two subgroups according to
different study designs (split-mouth and parallel designs) for
meta-analysis (Fig. 5a). The assessment of split-mouth design
studies showed that compared to placebo groups, the maxi-
mum pain intensity slightly decreased as a result of diode
LLLT, but the result was not statistically significant (MD=
—1.29, 95 % CI range —4.20 to 1.61, P=0.38; \*=491.62,
P<0.00001, =100 %). In contrast, diode LLLT was shown
to significantly reduce the peak pain level by 3.27 compared
with placebo groups in parallel-design studies (MD=-3.27,
95 % CI range —5.40 to —1.15, P=0.003; X2=34.70,
P<0.00001, *=94 %). However, no significant difference
was detected among subgroups (x*=1.16, P=0.28, I*=
14 %). Only the parallel-design studies provided adequate
data for comparisons with control groups (Fig. 5b). Diode

LLLT demonstrated a statistically significant advantage in re-
ducing the maximum pain intensity (MD=-3.25, 95 % CI
range —4.25 to —2.26, P<0.00001; y*=2.85, P=0.09, ’=
65 %).

Only two studies calculated the mean pain intensity
experienced by participants during follow-ups (Fig. 5c¢).
One study used a split-mouth design, whereas the other
applied a parallel design. Both studies showed a signif-
icant reduction of the mean pain intensity in the groups
treated with diode LLLT compared with the placebo
groups (MD=-0.64, 95 % CI range —0.70 to —0.58,
P<0.00001, for the split-mouth design study; MD=
—2.05, 95 % CI range —2.54 to —1.56, P<0.00001, for
the parallel-design study). However, only a marginal
difference was detected in the overall assessment, slight-
ly favouring the diode LLLT group (MD=-1.32, 95 %
CI range —2.70 to 0.05, P=0.06; x2:31.18, P<0.00001,
F=97 %).

Adverse events

All of the included studies described that both the patients and
therapists wore specially designed protective goggles to avoid
potential harm of irradiation to their eyes. No adverse events
were reported.

Discussion

After an extensive search and careful selection, a total of 14
RCTs with divergent study methodologies and laser dosimetry
were included in a qualitative review. The assessment of meth-
odology quality showed a high risk of bias in 11 RCTs, indi-
cating a notable under-grading of the quality of the existing
evidence. A quantitative analysis was conducted to eval-
uate the effects of diode LLLTs on the prevalence, time
course and intensity of orthodontic pain. Diode LLLT
was shown to be beneficial to the reduction of pain
prevalence and to the termination of pain, which agreed
with the conclusions of previous systematic reviews on
the analgesic effects of LLLT [27, 28]. Nevertheless,
LLLT’s effectiveness in decreasing pain intensity was
clouded by the differences in the study designs. Nota-
bly, there was extensive methodological weakness and
substantial heterogeneity across almost all domains of
meta-analysis. Thus, there was insufficient evidence to
draw a conclusion on whether diode LLLT was an ef-
fective treatment strategy for orthodontic pain control.
In general, there were three major factors contributing
to the weakness of the existing evidence: study method-
ology, individual variation and laser dosimetry.
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<« Fig. 2 a Risk of bias summary: review authors’ judgments about each
risk of bias item for each included study. b Risk of bias graph: review
authors’ judgments about each risk of bias item presented as percentages
across all included studies

Effects of study methodology on outcome

The presence of paired or multiple organs (arches, quadrants,
teeth) in oral cavities suggests a split-mouth design, in which
alternative treatments (no less than two interventions) are ap-
plied to different sections (teeth, tooth surfaces) of the same
patient’s mouth [46]. Compared with parallel designs, in
which each individual only receives one intervention, split-
mouth designs can achieve meaningful results with a relative-
ly smaller sample size. In addition, the effects of inter-subject
variation can be minimised when the individual is self-
matched or self-controlled [31, 46]. This characteristic makes
split-mouth designs particularly appropriate for studies
assessing highly subjective outcomes, such as pain perception.
The decision on whether to choose a split-mouth design de-
pends on the nature of the disease and treatment effect [46].
Low-level laser therapy appears to have a localised effect on
orthodontic pain, which is a relatively stable and uniformly
distributed symptom [18]. Only a few studies have reported
systematic effects of LLLT on wound healing; however, the
evidence was limited by unclarified mechanisms [47]. Thus,
we consider that the application of split-mouth designs to
studies investigating orthodontic pain is justified and advan-
tageous compared to parallel-design studies. The high hetero-
geneity among the included studies was due to different study
designs, to a great extent. According to the recommendations
by Lesaffre et al. and the Cochrane Oral Health group, split-
mouth and parallel-arm studies should be assessed and
interpreted separately [29, 31]. However, limited evidence
was found in previous reviews addressing the association be-
tween study designs and effect estimates. Therefore, we
assessed the effects of diode LLLT by analysing these two
types of designs independently. The subgroup analysis re-
vealed differences in diode LLLT’s effects on pain intensity,
with studies of split-mouth design showing less statistically
significant effects. However, the difference failed to reach a

significant level, in accordance with the conclusion of Smail-
Faugeron et al. [48].

It is noteworthy that the quality of the evidence was
greatly affected by defections in methodology and in-
consistencies in laser dosimetry among the limited num-
ber of studies. Most studies were implemented without
effective blinding of the intervention operators and out-
come assessors. Moreover, appropriate measures to
avoid foreseeing the intervention method were neglected
in the majority of the studies. Besides, one study with a
split-mouth design adopted an inadequate method of
randomisation [33], whereas another five studies did
not describe the method explicitly [34, 35, 40, 42,
45]. Methodological drawbacks existed extensively in
both study designs, affecting the reliability of the
conclusions.

In addition, the orthodontic mechanical stimuli used to
trigger pain varied among the included studies. The placement
of a separator was applied most frequently as a model to stim-
ulate orthodontic pain. However, there can be differences in
pain response and intensity between that induced by a separa-
tor (single tooth) and by an archwire (entire arch). Moreover,
the laser dosimetry and application method also differed ac-
cording to various experimental models, affecting the compa-
rability among studies. Thus, future research is advisable to
adopt a common model for assessing diode LLLT’s effects on
orthodontic pain that is closer to the real circumstances during
orthodontic tooth movement.

Consisting of a marked horizontal line from 0 cm (no pain)
to 10 cm (worst pain possible), the VAS is recognised as a
sensitive and reliable instrument for evaluating an individual’s
subjective feeling of pain level quantitatively, superior to the
verbal categorical rating scale (VRS) [49]. Almost all of the
included studies applied the VAS to assess orthodontic pain,
ensuring the reliability and comparability of outcomes. Sever-
al studies with parallel designs also incorporated question-
naires, which helps in understanding the effect of diode LLLT
on the progression pattern of pain. However, there were no
acknowledged guidelines on the questionnaire design and lim-
ited data could be extracted from studies with a split-mouth
design, disqualifying the synthesis of the outcomes.

laser placebo Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Marini, et al. 2013 28 40 40 40 61.6% 0.70 [0.57, 0.86] L
Turhani, et al. 2006 14 38 29 38 38.4% 0.48[0.31, 0.76] ——
Total (95% CI) 78 78 100.0% 0.61 [0.41, 0.92] <o
Total events 42 69

e 2 — . i2 = = = -2 = 0, t t t d
Heterogeneity: Tau? = 0.06; Chi? = 2.84, df = 1 (P = 0.09); I> = 65% 0.01 01 1 10 100

Test for overall effect: Z = 2.39 (P = 0.02)

Favours laser Favours placebo

Fig. 3 Comparison: laser versus placebo, outcome: prevalence of pain (studies with parallel design)
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a laser placebo Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI

Marini, et al. 2013 -2.1 0.294 40 40 67.1% -2.10[-2.68,-1.52]

Tortamano, et al. 2009 -2.65 0.42 20 20 32.9% -2.65[-3.47,-1.83]

Total (95% CI) 60 60 100.0% -2.28 [-2.75, -1.81] |

Heterogeneity: Chi? = 1.15,df =1 (P = 0.28); I?=13%
Test for overall effect: Z = 9.47 (P < 0.00001)

~100 -50 0 50 100
Favours laser Favours placebo

b laser Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Marini, et al. 2013 -2 0.294 40 40 67.1% -2.00[-2.58,-1.42]

Tortamano, et al. 2009 -2.35 042 20 20 32.9% -2.35[-3.17,-1.53]
Total (95% CI) 60 60 100.0% -2.12[-2.59, -1.64] [

Heterogeneity: Chi? = 0.47, df =1 (P = 0.49); 1= 0%
Test for overall effect: Z = 8.78 (P < 0.00001)

-100 -50 0 50 100
Favours laser Favours control

Fig.4 a Comparison: laser versus placebo, outcome: end of pain (studies with parallel design). b Comparison: laser versus control, outcome: end of pain

(studies with parallel design)

Effects of laser dosimetry on outcome

Another important issue in this field is that there is no current
consensus on the optimal parameters of diode low-level lasers.
The efficacy of diode LLLT can be determined by a combina-
tion of multiple factors, including the light source, wave-
length, spot-size, mean output measured in watts, energy mea-
sured in Joules, mode of operation (continuous wave or
pulsed), application interval and frequency [19]. It is
recognised that a therapeutic window for diode LLLT exists.
Irradiation energy exceeding this range will cause
photobioinhibitory effects, whereas an extremely low dosage
is not sufficient to trigger the desired biological effects. How-
ever, the exact dose range remains controversial, since there is
a great variation in study designs and laser parameters among
previous research [32—45]. Kert and Rose recommended a
treatment strategy of applying a diode low-level laser in a
continuous mode, with energy between 0.5 and 10 J per treat-
ment point and in contact with the tissue surface for deeper
effects [19]. Some researchers have also suggested using 2—4 J
per treatment point with multiple applications at the beginning
of the treatment [18]. Among the included studies, the param-
eters of the diode laser varied greatly with respect to the wave-
length (635-910 nm), output power (6200 mW), energy
(0.18-9 J per treatment point), application method (treatment
points and contact mode) and treatment interval. This can
partly explain the significant heterogeneity among studies dur-
ing the assessment of the intervention effects. However, sub-
group analysis and meta-regression to compare the effects of
diode LLLT with different parameters was disqualified due to
the confounding heterogeneity in dosimetry and insufficient
numbers of studies. It should be noted that there was no stan-
dard in the reporting of laser parameters among the studies.
Important information such as beam size and energy density

@ Springer

was missing in several studies, making comparisons and gen-
eralisations difficult.

Effects of individual variation on outcome

Furthermore, considerable inter-subject variation may have
contributed to the conflicting results. It has been reported that
the perception of orthodontic pain can be affected by various
factors such as age, gender, emotional status, past pain expe-
rience and so on [1]. Turhani et al. reported a smaller differ-
ence in pain intensity between laser and placebo groups
among patients over 18 years old compared with those under
19. They also found that women appeared to recover more
quickly than men under laser therapy, suggesting variations
in the effects of diode LLLT among different populations [57].
Considering the wide age range (11-33 years old) and gender
distribution among the included studies, there were substantial
differences in the selection of the study sample. However,
instead of assessing the analgesic effect of diode LLLT sepa-
rately based on group characteristics, most studies pooled all
data and analysed the overall effect. In addition, it is necessary
to conduct sample size calculations based on data provided by
the pilot study or previous literature to ensure sufficient test
power.

Suggestions to future research

In view of the weakness of the current evidence, the following
strategies are suggested to improve the overall quality of re-
lated clinical trials. First, well-designed RCTs should be con-
ducted with reference to Cochrane’s risk of bias assessment
criteria. Adequate randomisation methods, effective allocation
concealment and blinding measures should be adopted in the
design of a RCT to ensure outcome reliability and minimise



Lasers Med Sci (2015) 30:1881-1893

1891

a laser placebo Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.12.1 maximum pain intensity (studies with split-mouth design)
Bicakci, el al. 2012 0.058 0.15 19 19 17.2% 0.06 [-0.24, 0.35]
Dominguez and Velasquez, 2013 -3.67 0.089 30 30 17.3% -3.67 [-3.84, -3.50] "
Eslamian, et al. 2014 -0.24 0.41 37 37 16.6% -0.24 [-1.04, 0.56]
Subtotal (95% Cl) 86 86 51.2%  -1.29 [-4.20, 1.61] 4
Heterogeneity: Tau? = 6.53; Chi? = 491.62, df = 2 (P < 0.00001); I = 100%
Test for overall effect: Z=0.87 (P = 0.38)
1.12.2 Maximum pain intensity (studies with parallel design)
Kim, et al. 2013 -1.957 0.158 28 30 172%  -1.96 [-2.27,-1.65] -
Nobrega, et al. 2013 -2.69 0.694 30 30 154%  -2.69[-4.05,-1.33] .
Tortamano, et al. 2009 -5.25 0.54 20 20 16.1%  -5.25[-6.31,-4.19] -
Subtotal (95% CI) 78 80 48.8%  -3.27[-5.40, -1.15] ¢
Heterogeneity: Tau? = 3.27; Chi? = 34.70, df = 2 (P < 0.00001); I = 94%
Test for overall effect: Z = 3.02 (P = 0.003)
Total (95% Cl) 164 166 100.0%  -2.27 [-3.88, -0.65] [}
Heterogeneity: Tau? = 3.93; Chi? = 531.50, df = 5 (P < 0.00001); 1> = 99% f t y y
Test fo? over:II effect: Z = 2.75 (P = 0.006) ( ) -100 F'SO 0 50 100
: . avours laser Favours placebo
Test for subgroup differences: Chiz = 1.16, df =1 (P = 0.28), I? = 14.0%
b laser Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kim, et al. 2013 2.664 0.628 28 5.547 0.562 30 654% -2.88 [-3.19, -2.58]
Tortamano, et al. 2009 3.3 2.06 20 7.25 1.8 20 34.6% -3.95[-5.15, -2.75] L
Total (95% CI) 48 50 100.0%  -3.25 [-4.25, -2.26] |
Heterogeneity: Tau? = 0.37; Chi? = 2.85, df = 1 (P = 0.09); I = 65% f t ' y y
Test fo? over;/II effect: Z = 6.41 (P < 0.00001) ( ) -100 -50 0 50 100
Favours laser Favours control
(o] laser placebo Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.14.1 mean pain intensity (studies with split-mouth design)
Artés-Ribas, el al. 2013 -0.643 0.0315 20 20 51.6% -0.64 [-0.70, -0.58]
Subtotal (95% Cl) 20 20 51.6% -0.64[-0.70, -0.58]
Heterogeneity: Not applicable
Test for overall effect: Z =20.41 (P < 0.00001)
1.14.2 mean pain intensity (studies with parallel design)
Tortamano, et al. 2009 -2.05 0.25 20 20 48.4% -2.05 [-2.54, -1.56] ]
Subtotal (95% CI) 20 20 48.4%  -2.05[-2.54, -1.56] |
Heterogeneity: Not applicable
Test for overall effect: Z = 8.20 (P < 0.00001)
Total (95% ClI) 40 40 100.0% -1.32 [-2.70, 0.05] [
(YR 2 = . 2 = = - 12 = 979 ; + + d
Heterogeneity: Tau? = 0.96; Chi? = 31.18, df = 1 (P < 0.00001); I? = 97% 7100 50 0 50 100

Test for overall effect: Z = 1.88 (P = 0.06)
Test for subgroup differences: Chi? = 31.18, df = 1 (P < 0.00001), I> = 96.8%

Fig. 5 a Comparison: laser versus placebo, outcome: maximum pain
intensity, subgroup analysis: split-mouth versus parallel design. b
Comparison: laser versus control, outcome: maximum pain intensity

placebo effects. Moreover, an appropriate method of address-
ing missing data should be explicitly described. Second, split-
mouth designs should be recommended on the premise that no
carry-over effects of diode LLLTs in orthodontic pain relief
are verified. However, stricter requirements on study and sta-
tistical methodology are expected in RCTs of this design.
Apart from the examination of pain intensity, more attention
should be paid to the effects of diode LLLT on the progression
pattern of pain, based on questionnaires designed according to

Favours laser Favours placebo

(studies with parallel design). ¢ Comparison: laser versus placebo,
outcome: mean pain intensity, subgroup analysis: split-mouth versus
parallel design

pre-specified standards. Third, a consensus should be made on
the range of potentially effective dosimetry of diode LLLTs,
followed by a test of its effectiveness in vitro and subsequently
in vivo. It is essential to report the laser parameters in adher-
ence to recognised criteria, as suggested by some researchers
and organisations [50]. Additionally, appropriate sample se-
lections and assessment methods should be taken into account
when investigating diode LLLT’s analgesic effects on a spe-
cific target population.
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Conclusion

There is insufficient evidence to support or refute the effec-
tiveness of diode LLLT for orthodontic pain management.
Despite the extensive methodological weakness and signifi-
cant heterogeneity of existing evidence, diode LLLT has dem-
onstrated benefits in reducing the prevalence of and inducing
the earlier termination of orthodontic pain; diode LLLTs also
exhibit some effects on decreasing pain intensity. Further re-
search with a better study design, appropriate sample power
and controlled laser dosimetry is required to provide more
reliable evidence for the clinical application of diode LLLT.

Acknowledgement This research was supported by Health and Medi-
cal Research Fund of Hong Kong (01121056). We thank Ms. H. Yu for
her help in this research.

Conflict of interest None declared

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and

reproduction in any medium, provided the original author(s) and the
source are credited.

References

1. Polat O (2007) Pain and discomfort after orthodontic appointments.
Semin Orthod 13(4):292-300. doi:10.1053/j.s0d0.2007.08.010

2. Ngan P, Kess B, Wilson S (1989) Perception of discomfort by
patients undergoing orthodontic treatment. Am J Orthod
Dentofacial Orthop 96(1):47-53

3. Zhang M, McGrath C, Hiagg U (2008) Changes in oral health-
related quality of life during fixed orthodontic appliance therapy.
Am J Orthod Dentofacial Orthop 133(1):25-29. doi:10.1016/j.
2jodo.2007.01.024

4. Liu Z, McGrath C, Hiagg U (2011) Changes in oral health-related
quality of life during fixed orthodontic appliance therapy: an 18-
month prospective longitudinal study. Am J Orthod Dentofacial
Orthop 139(2):214-219. doi:10.1016/j.ajod0.2009.08.029

5. Brown DF, Moerenhout RG (1991) The pain experience and psy-
chological adjustment to orthodontic treatment of preadolescents,
adolescents, and adults. Am J Orthod Dentofacial Orthop 100(4):
349-356

6. Shanfeld J, Jones JL, Laster L, Davidovitch Z (1986) Biochemical
aspects of orthodontic tooth movement I. Cyclic nucleotide and
prostaglandin concentrations in tissues surrounding orthodontically
treated teeth in vivo. Am J Orthod Dentofacial Orthop 90(2):139—
148

7. Vandevska-Radunovic V (1999) Neural modulation of inflamma-
tory reactions in dental tissues incident to orthodontic tooth move-
ment. A review of the literature. Eur J Orthod 21(3):231-247

8. Roth PM, Thrash WJ (1986) Effect of transcutaneous electrical
nerve stimulation for controlling pain associated with orthodontic
tooth movement. Am J Orthod Dentofacial Orthop 90(2):132-138

9. Jones ML (1984) An investigation into the initial discomfort caused
by placement of an archwire. Eur J Orthod 6(1):48-54

10. Bird SE, Williams K, Kula K (2007) Preoperative acetaminophen

vs ibuprofen for control of pain after orthodontic separator place-
ment. Am J Orthod Dentofacial Orthop 132(4):504-510

@ Springer

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

Polat O, Karaman AI, Durmus E (2005) Effects of preoperative
ibuprofen and naproxen sodium on orthodontic pain. Angle
Orthod 75(5):791-796

Walker JB, Buring SM (2001) NSAID impairment of orthodontic
tooth movement. Ann Pharmacother 35(1):113-115

Marie SS, Powers M, Sheridan JJ (2003) Vibratory stimulation as a
method of reducing pain after orthodontic appliance adjustment. J
Clin Orthod 37(4):205-208

Mohri Y, Fumoto M, Sato-Suzuki I, Umino M, Arita H (2005)
Prolonged rhythmic gum chewing suppresses nociceptive response
via serotonergic descending inhibitory pathway in humans. Pain
118(1):35-42

Hopkins JT, McLoda TA, Seegmiller JG, David Baxter G (2004)
Low-level laser therapy facilitates superficial wound healing in
humans: a triple-blind, sham-controlled study. J Athl Train 39(3):
223-229

Bjordal JM, Johnson MI, Iversen V, Aimbire F, Lopes-Martins RA
(2006) Low-level laser therapy in acute pain: a systematic review of
possible mechanisms of action and clinical effects in randomized
placebo-controlled trials. Photomed Laser Surg 24(2):158-168
Walsh LJ (1997) The current status of low level laser therapy in
dentistry, Part 1. Soft tissue applications. Aust Dent J 42(4):247—
254

Sun G, Tunér J (2004) Low-level laser therapy in dentistry. Dent
Clin N Am 48(4):1061-1076

Kert J, Rose L (1989) Clinical laser therapy—Ilow level laser ther-
apy. Scandinavian Medical Laser Technology, Ballerup

Passarella S, Casamassima E, Molinari S, Pastore D, Quagliariello
E, Catalano IM, Cingolani A (1984) Increase of proton electro-
chemical potential and ATP synthesis in rat liver mitochondria ir-
radiated in vitro by helium-neon laser. FEBS Lett 175(1):95-99
da Silva Sousa MV, Scanavini MA, Sannomiya EK, Velasco LG,
Angelieri F (2011) Influence of low-level laser on the speed of
orthodontic movement. Photomed Laser Surg 29(3):191-196. doi:
10.1089/ph0.2009.2652

Bolognani L, Volpi N (1992) Low power laser-enzyme interaction.
Published Proceedings of the 3rd World Congress of International
Soc, for Low Power Laser Application in Medicine and Surgery:
213-222

Mizutani K, Musya Y, Wakae K, Kobayashi T, Tobe M, Taira K,
Harada T (2004) A clinical study on serum prostaglandin E2 with
low-level laser therapy. Photomed Laser Surg 22(6):537-539
Harazaki M, Isshiki Y (1997) Soft laser irradiation effects on pain
reduction in orthodontic treatment. Bull Tokyo Dent Coll 38(4):
291-295

Fujiyama K, Deguchi T, Murakami T, Fujii A, Kushima K, Takano-
Yamamoto T (2008) Clinical effect of CO, laser in reducing pain in
orthodontics. Angle Orthod 78(2):299-303. doi:10.2319/033007-
153.1

Youssef M, Ashkar S, Hamade E, Gutknecht N, Lampert F, Mir M
(2008) The effect of low-level laser therapy during orthodontic
movement: a preliminary study. Lasers Med Sci 23(1):27-33

He WL, Li CJ, Liu ZP, Sun JF, Hu ZA, Yin X, Zou SJ (2013)
Efficacy of low-level laser therapy in the management of orthodon-
tic pain: a systematic review and meta-analysis. Lasers Med Sci
28(6):1581-1589. doi:10.1007/s10103-012-1196-y

Li FJ, Zhang JY, Zeng XT, Guo Y (2014) Low-level laser therapy
for orthodontic pain: a systematic review. Lasers Med Sci 1-15
Higgins JPT, Green S (2009) Cochrane handbook for systematic
reviews of interventions. Wiley, Chichester

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group
(2010) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Int J Surg 8(5):336-341. doi:10.
1016/}.ijsu.2010.02.007

Lesaffre E, Philstrom B, Needleman I, Worthington H (2009) The
design and analysis of split mouth studies: what statisticians and


http://dx.doi.org/10.1053/j.sodo.2007.08.010
http://dx.doi.org/10.1016/j.ajodo.2007.01.024
http://dx.doi.org/10.1016/j.ajodo.2007.01.024
http://dx.doi.org/10.1016/j.ajodo.2009.08.029
http://dx.doi.org/10.1089/pho.2009.2652
http://dx.doi.org/10.2319/033007-153.1
http://dx.doi.org/10.2319/033007-153.1
http://dx.doi.org/10.1007/s10103-012-1196-y
http://dx.doi.org/10.1016/j.ijsu.2010.02.007
http://dx.doi.org/10.1016/j.ijsu.2010.02.007

Lasers Med Sci (2015) 30:1881-1893

1893

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

clinicians should know. Stat Med 28(28):3470-3482. doi:10.1002/
sim.3634

Marini I, Bartolucci M L, Bortolotti F, Innocenti G, Gatto MR,
Alessandri Bonetti G (2013) The effect of diode superpulsed low-
level laser therapy on experimental orthodontic pain caused by
elastomeric separators: a randomized controlled clinical trial.
Lasers Med Sci:1-7

Eslamian L, Borzabadi-Farahani A, Hassanzadeh-Azhiri A, Badiee
MR, Fekrazad R (2014) The effect of 810-nm low-level laser ther-
apy on pain caused by orthodontic elastomeric separators. Lasers
Med Sci 29(2):559-564. doi:10.1007/s10103-012-1258-1

Heravi F, Moradi A, Ahrari F (2014) The effect of low level laser
therapy on the rate of tooth movement and pain perception during
canine retraction. Oral Health Dent Manag 13(2):183—-188

Abtahi SM, Mousavi SA, Shafaee H, Tanbakuchi B (2013) Effect
of low-level laser therapy on dental pain induced by separator force
in orthodontic treatment. Dent Res J (Isfahan) 10(5):647-651
Artés-Ribas M, Arnabat-Dominguez J, Puigdollers A (2013)
Analgesic effect of a low-level laser therapy (830 nm) in early
orthodontic treatment. Lasers Med Sci 28(1):335-341. doi:10.
1007/s10103-012-1135-y

Dominguez A, Velasquez SA (2013) Effect of low-level laser ther-
apy on pain following activation of orthodontic final archwires: a
randomized controlled clinical trial. Photomed Laser Surg 31(1):
36-40. doi:10.1089/pho.2012.3360

Bicakci AA, Kocoglu-Altan B, Toker H, Mutaf I, Sumer Z (2012)
Efficiency of low-level laser therapy in reducing pain induced by
orthodontic forces. Photomed Laser Surg 30(8):460-465. doi:10.
1089/pho0.2012.3245

Doshi-Mehta G, Bhad-Patil WA (2012) Efficacy of low-intensity
laser therapy in reducing treatment time and orthodontic pain: a
clinical investigation. Am J Orthod Dentofacial Orthop 141(3):
289-297. doi:10.1016/j.ajod0.2011.09.009

Angelieri F, Sousa MV, Kanashiro LK, Siqueira DF, Maltagliati LA
(2011) Effects of low intensity laser on pain sensitivity during or-
thodontic movement. Dental Press J Orthod 16(4):95-102

Lim HM, Lew KK, Tay DK (1995) A clinical investigation of the
efficacy of low level laser therapy in reducing orthodontic

42.

43.

44,

45.

46.

47.

48.

49.

50.

postadjustment pain. Am J Orthod Dentofacial Orthop 108(6):
614-622

Kim WT, Bayome M, Park JB, Park JH, Back SH, Kook YA (2013)
Effect of frequent laser irradiation on orthodontic pain: a single-
blind randomized clinical trial. Angle Orthod 83(4):611-616. doi:
10.2319/082012-665.1

Nobrega C, da Silva EM, de Macedo CR (2013) Low-level laser
therapy for treatment of pain associated with orthodontic elastomer-
ic separator placement: a placebo-controlled randomized double-
blind clinical trial. Photomed Laser Surg 31(1):10-16. doi:10.
1089/ph0.2012.3338

Tortamano A, Lenzi DC, Haddad AC, Bottino MC, Dominguez
GC, Vigorito JW (2009) Low-level laser therapy for pain caused
by placement of the first orthodontic archwire: a randomized clin-
ical trial. Am J Orthod Dentofacial Orthop 136(5):662—667. doi:10.
1016/j.ajodo.2008.06.028

Turhani D, Scheriau M, Kapral D, Benesch T, Jonke E, Bantleon
HP (2006) Pain relief by single low-level laser irradiation in ortho-
dontic patients undergoing fixed appliance therapy. Am J Orthod
Dentofacial Orthop 130(3):371-377

Antczak-Bouckoms AA, Tulloch JF, Berkey CS (1990) Split-
mouth and cross-over designs in dental research. J Clin
Periodontol 17(7):446-453

Rochkind S, Rousso M, Nissan M, Villarreal M, Barr-Nea L, Rees
DG (1989) Systemic effects of low-power laser irradiation on the
peripheral and central nervous system, cutaneous wounds, and
burns. Lasers Surg Med 9(2):174-182

Smail-Faugeron V, Fron-Chabouis H, Courson F, Durieux P (2014)
Comparison of intervention effects in split-mouth and parallel-arm
randomized controlled trials: a meta-epidemiological study. BMC
Med Res Methodol 14(1):64. doi:10.1186/1471-2288-14-64
Breivik H, Borchgrevink PC, Allen SM et al (2008) Assessment of
pain. BrJ Anaesth 101(1):17-24

Jenkins PA, Carroll JD (2011) How to report low-level laser therapy
(LLLT)/photomedicine dose and beam parameters in clinical and
laboratory studies. Photomed Laser Surg 29(12):785-787. doi:10.
1089/ph0.2011.9895

@ Springer


http://dx.doi.org/10.1002/sim.3634
http://dx.doi.org/10.1002/sim.3634
http://dx.doi.org/10.1007/s10103-012-1258-1
http://dx.doi.org/10.1007/s10103-012-1135-y
http://dx.doi.org/10.1007/s10103-012-1135-y
http://dx.doi.org/10.1089/pho.2012.3360
http://dx.doi.org/10.1089/pho.2012.3245
http://dx.doi.org/10.1089/pho.2012.3245
http://dx.doi.org/10.1016/j.ajodo.2011.09.009
http://dx.doi.org/10.2319/082012-665.1
http://dx.doi.org/10.1089/pho.2012.3338
http://dx.doi.org/10.1089/pho.2012.3338
http://dx.doi.org/10.1016/j.ajodo.2008.06.028
http://dx.doi.org/10.1016/j.ajodo.2008.06.028
http://dx.doi.org/10.1186/1471-2288-14-64
http://dx.doi.org/10.1089/pho.2011.9895
http://dx.doi.org/10.1089/pho.2011.9895

	The effectiveness of low-level diode laser therapy on orthodontic pain management: a systematic review and meta-analysis
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Eligible Criteria
	Assessment of risk of bias
	Extraction of data
	Statistical analysis

	Results
	Search results
	Characteristics of included studies
	Assessment of methodology quality
	Effect of diode LLLT on orthodontic pain control
	Prevalence of pain
	End of pain
	Pain intensity
	Adverse events


	Discussion
	Effects of study methodology on outcome
	Effects of laser dosimetry on outcome
	Effects of individual variation on outcome
	Suggestions to future research

	Conclusion
	References


