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Abstract
Low-level laser irradiation (LLLI) shows effects in orthodontic pain relief and periodontal inflammation control. The aim of this
article is to investigate the analgesic and inflammation-modulatory effects of low-level laser irradiation among orthodontic
patients with compromised periodontium. A randomised controlled trial with split-mouth design was conducted in 27 adults
with treated and controlled chronic periodontitis over 6 months. One side of the dental arch underwent repeated treatment under a
940-nm diode laser (EZlase; Biolase Technology Inc.) with a beam size of 2.8 cm2 for 60 seconds at 8.6 J/cm2, whilst the other
side received pseudo-laser treatment. Laser irradiation was applied repeatedly for 8 times during the first 6 weeks after bracket
bonding and monthly thereafter until the end of orthodontic treatment. Subjective pain (assessed by visual analogue scale in pain
diary and by chairside archwire activation), periodontal status (assessed by periodontal clinical parameters), cytokines in gingival
crevicular fluid (interleukin 1β, prostaglandin E2, substance P) and periodontopathic bacteria (Porphyromonas gingivalis and
Treponema denticola) in supragingival plaque were assessed. The intensity of pain was lower on the laser-irradiated side at
multiple follow-up visits (P < 0.05). The pain subsided 1 day earlier on the laser side, with a lower peak value during the first
week after initial archwire placement (P < 0.05). The laser side exhibited a smaller reduction in bite force during the first month
(mean difference = 3.17, 95% CI: 2.36–3.98, P < 0.05 at 1-week interval; mean difference = 3.09, 95% CI: 1.87–4.32, P < 0.05 at
1-month interval). A smaller increase was observed in the plaque index scores on the laser side at 1-month (mean difference =
0.19, 95% CI: 0.13–0.24, P < 0.05) and in the gingival index scores at the 3-month follow-up visit (mean difference = 0.18, 95%
CI: 0.14–0.21, P < 0.05). Laser irradiation inhibited the elevation of interleukin-1β, prostaglandin E2 and substance P levels
during the first month (P < 0.05). However, no intergroup difference was detected in the bacteria levels. Low-level laser
irradiation exhibits benefits in pain relief and inflammation control during the early stage of adjunctive orthodontic treatment
in periodontally compromised individuals.
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Periodontal inflammation

Introduction

Tooth displacement associated with compromised periodontal
support requires adjunctive orthodontic treatment. As a key
constituent of the team approach to periodontal disease, ortho-
dontic treatment is beneficial for preserving and restoring de-
teriorating dentition (1, 2). However, tooth movement with
compromised periodontal tissues poses great challenges to
orthodontists (3). Firstly, pain and discomfort are common
complaints from patients who are undergoing orthodontic
treatment, which can result in a weakened masticatory
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function and a poorer oral health-related quality of life (4, 5).
Secondly, inflammation control is a key issue to consider in
orthodontic treatment. On one hand, uncontrolled inflamma-
tion is detrimental to periodontal health and tooth movement,
possibly leading to gingival recession, attachment loss, bone
resorption or root resorption (2, 6). On the other hand, the
nature of fixed appliances commonly helps dental plaque ag-
gravation, especially if insufficient oral hygiene is maintained
due to pain and discomfort (5). Therefore, other approaches to
facilitate pain management and inflammation control, in addi-
tion to strict oral hygiene instruction and regular periodontal
maintenance, are likely to ensure safe and efficient tooth
movement in patients with reduced periodontal support.

Low-level laser irradiation (LLLI) is a type of laser therapy
with low-energy outputs to keep the temperature of the treated
tissue below 36.5 °C or normal body temperature (7–9).
Owing to its nonthermal bio-stimulatory effects, LLLI has
been reported as an effective adjunct to nonsurgical periodon-
tal treatment for inflammation control and tissue reparation in
patients with periodontitis (10). In addition, interests in the
application of LLLI in modern orthodontics have recently
grown because less painful and more efficient tooth move-
ment can be anticipated (11, 12). Very few adverse effects
have been observed thus far in the dental application of LLLI.

However, the application of LLLI as part of a joint
orthodontic-periodontal treatment strategy has not been studied.
A randomised controlled trial was thus conducted to investigate
the effects of LLLI in the orthodontic treatment of patients with
controlled periodontitis on subjective pain (primary outcome)
and periodontal inflammation (secondary outcome) over a 6-
month period. To eliminate any bias, we initially hypothesised
that pain perceptions and periodontal inflammation status did
not differ between patients with controlled chronic periodontitis
who are receiving orthodontic treatment in conjunction with
LLLI and those who are undergoing orthodontic treatment
without the incorporation of LLLI.

Materials and methods

Study design

This study was a double-blind randomised controlled trial
with a split-mouth design. Pairs of displaced single-rooted
teeth with controlled periodontitis located on both sides of
the maxillary and/or mandibular arches were randomly
assigned to either the laser group (low-level laser irradiation)
or the placebo group (pseudo-laser treatment). Block
randomisation in groups of six was applied. The randomised
schedule was generated by a statistician and sealed in sequen-
tially numbered, opaque envelopes to protect the allocation
sequence. The patients were not aware of the treatment allo-
cation due to the identical settings of LLLI and the placebo

laser, except for the actual irradiation. The clinical operator
was blinded, and a designated assistant took charge of setting
the laser parameters for each treatment. The outcome assessor
was also blinded, as s/he was not included in the
randomisation process, participant recruitment or clinical
treatment. The protocol for this study was approved by the
Institutional Review Board of the University of Hong Kong/
Hospital Authority Hong Kong West Cluster (HKU/HA
HKW IRB, Ref. No. UW 12-049). The study was also regis-
tered on the HKU Clinical Trial Register (HKUCTR-1683)
and the US National Institutes of Health Clinical Trial
Register (Ref. No. NCT02352038).

Selection of participants

Ethnic Chinese patients with controlled chronic periodontitis
were recruited from Prince Philip Dental Hospital with the
understanding and written consent of each participant and
according to the Declaration of Helsinki (version 2008).
Patients were included according to the following criteria:

(1) Adult patients (over 30 years of age), male or female
(2) Systemically healthy
(3) No medications (antibiotic and/or anti-inflammatory) in

the previous month
(4) Previous chronic periodontitis (moderate to severe) with

at least two pairs of clinically matched displaced single-
rooted teeth on contralateral hemi-arches with the fol-
lowing characteristics:

(4a) A pocket depth of more than 5mm, clinical attachment
loss of more than 3 mm and radiographic signs of bone loss
before nonsurgical periodontal treatment

(4b) A pocket depth of less than 4 mm and/or periodontal
status identified as stable for at least 3 months after nonsurgi-
cal periodontal treatment

The exclusion criteria were as follows:

(1) Patients with aggressive periodontitis
(2) Patients with a smoking habit
(3) Patients who were pregnant
(4) Patients with ongoing or previous orthodontic treatment
(5) Teeth treated with periodontal surgery

Sample size estimation

Based on our previous systematic review (12), with a standard
deviation of 5 (13), to detect a difference of 3 in the pain score
between the laser and placebo semi-arches (14), a sample size
of 27 would be required. The significance level was set at 5%
and the test power at 80%. A dropout rate of 10% over 6
months was assumed (G*Power 3.1.7 version).
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Orthodontic treatment

Adjunctive orthodontic treatment of all patients in the study
was carried out by the same clinical operator. Preadjusted
appliances with 0.022 × 0.028-inch2 brackets/buccal tubes
were bonded on the maxillary and/or mandibular dental
arches, with 0.014-inch thermal nickel-titanium (NiTi) as the
initial archwire for the first 2 months followed by 0.016-inch
thermal NiTi for the third month.

Low-level laser irradiation

The teeth on one half of the dental arch were randomly allo-
cated to the test side and received low-level laser irradiation
using a GaAlAs laser with a wavelength of 940 nm (EZlase;
Biolase Technology Inc., Irvine, CA). The irradiation was
delivered by a quadrant-sized probe that covered the region
from the central incisor to the first molar on the test side. The
output power was confirmed at 800 mW with a power metre
(OPHIR Nova II Power Metre, Ophir-Spiricon, LLC, UT,
USA). The laser probe was first targeted at the level of the
bracket and the buccal gingival margin and was then shifted to
the level of the buccal alveolar mucosa covering the root area;
both at 1 cm. With the duration of each irradiation set to 30
seconds, the energy density delivered in a single application
was calculated to be 8.6 J/cm2. A repeated regimen was
adopted for laser therapy throughout orthodontic treatment
(Fig. 1). The patient, the clinical operator and the designated
assistant all wore laser-protective eyewear according to stan-
dard safety rules.

Outcome assessment

The timeline for outcome assessment is presented in Fig. 1.

Subjective pain assessment

The pain intensity was assessed using serial 100-mm visual
analogue scales both as self-reported in a pain diary within the
first week and as an immediate response to archwire ligation at
the chairside during the first 3 months of orthodontic treat-
ment. A score of 0 at the left end of the scale indicated ‘no
pain’, and 100 at the right end indicated ‘the most severe
pain’. Each patient was asked to place a mark on the linear
scale to record their pain intensity separately for the left and
right sides. The mark was measured in millimetres with a ruler
from the left end. The patients were advised to avoid analgesic
drugs during the study process. The patients were also asked
to complete a series of self-explanatory questions to elicit the
time course of pain perception.

Measurement of maximum voluntary bite force

After activation of the archwire, the maximum voluntary bite
force was measured with an occlusal force gauge (GM10,
Nagano Keiki, Japan) during the first 3 months of orthodontic
treatment. Measurements were taken bilaterally on each target
tooth with its opposing antagonist and were averaged to obtain
the respective maximum voluntary bite force for each group.

Periodontal clinical examination and supragingival
bacteria analysis

Periodontal clinical parameters were recorded by one blinded
examiner with a periodontal probe (CPU 15 UNC; Hu-Friedy,
Chicago, IL) at six sites for each target tooth. The following
parameters were recorded: plaque index (PI), gingival index
(GI), bleeding on probing (BOP), probing pocket depth (PPD),
gingival recession (GR) and clinical attachment loss (CAL). Pre-
calibration was performed at baseline on 10% of the sample size

Fig. 1 The timeline for treatment and outcome assessment
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(3 patients) with a weighted Kappa value of 0.75–0.80 for all
periodontal clinical indices, indicating good intra-examiner reli-
ability. Themean values of both groups were calculated from the
measurements of all target teeth in the corresponding group.

Supragingival plaque samples were collected with ster-
ile probes from the area surrounding the bracket and buc-
cal cervical region. Bacteria DNA were extracted from the
clinical samples using QIAamp DNA Mini kits (Qiagen,
CA). The bacterial loads of Porphyromonas gingivalis
(P. gingivalis) and Treponema denticola (T. denticola)
were analysed with a StepOnePlus real-time PCR system
(Life Technologies Inc., Grand Island, NY, USA) with the
TaqMan® Gene Expression Assays (Applied Biosystems,
Foster City, CA, USA) (Appendix 1). The absolute bacte-
ria counts were calculated and expressed as the number of
cells per sample. The proportions of each species tested
were calculated by dividing the absolute bacterial counts
by the total bacterial counts.

Analysis of cytokines in gingival crevicular fluid

Gingival crevicular fluid (GCF) samples were taken from
all target teeth in both groups at multiple time-points.
After supragingival plaque was gently removed, GCF
was collected from the mesiobuccal and distobuccal sites
with prefabricated paper strips (Periopaper; Oraflow Inc.,
New York, NY, USA), which were inserted into the
pockets until resistance was felt and held in place for 30
seconds. They were immediately transferred to separate
microcentrifuge tubes containing phosphate-buffered sa-
line solution. Enzyme-linked immunosorbent assay
(ELISA) was performed to assess the levels of interleukin
1β (IL-1ß), prostaglandin E2 (PGE2) and substance P (SP)
using commercially available human ELISA kits (R&D
Systems Inc., Minneapolis, MN, USA). The concentration
of total proteins in each sample was assessed with a
Pierce BCA Protein Assay Kit (Pierce Biotechnology,
Rockford, IL, USA) according to the manufacturer’s in-
structions. The level of each biomarker was expressed in
pg/μg of total protein in the GCF.

Statistical analysis

For data with a nonnormal distribution, Friedman’s two-way
analysis was performed for intragroup comparisons among
various time-points and the Wilcoxon signed rank test for
intergroup comparisons. For data with a normal distribution,
repeated measures ANOVA was performed for intragroup
comparisons, and paired samples t-tests were used for inter-
group comparisons. All statistical analyses were performed
using SPSS software version 23.0 (SPSS Inc., Chicago, IL,
USA), and the significance level (α) was set at 0.05 for two-
tailed tests.

Results

Characteristics of the study participants

Thirty-four patients with controlled chronic periodontitis were
referred for assessment of eligibility. Six patients did not meet
the inclusion criteria, and one patient refused to participate in
the study. Thus, 27 patients (22 female) between 31 and 60
years (mean, 47 years; SD, 8 years) with a total of 198 single-
rooted and displaced target teeth were enrolled in this study.
The participants were presented with mild to moderate
crowding or spacing. The majority underwent non-extraction
orthodontic treatment (N = 19, 70.4%). The remainders (N =
8, 29.6%) each had 1 to 3 teeth (12 teeth in total: 3 maxillary
incisors, 6 mandibular incisors and 3 maxillary premolars)
extracted before treatment, due to crowding and/or poor peri-
odontal prognosis. No adverse events were reported during
the study process. A flow chart of the study’s progression is
shown in Fig. 2. No significant difference was found between
the laser group and the placebo group for any assessment,
indicating that the two sides of the mouth were comparable
at the baseline (Appendix 2).

Results of subjective pain perception

As shown in Table 1, pain intensity increased from 1 hour after
placement of the initial archwire and peaked at 24 hours before
it gradually decreased to the baseline level thereafter in both
groups (P < 0.01). A significantly higher score was found on
the placebo side at both 6-hour (P = 0.03) and 24-hour (P =
0.02) intervals. Patients felt significantly greater maximum pain
intensity on the placebo side (P = 0.02) over the 7 days after
placement of the initial archwire. The pain subsided 1 day ear-
lier on the laser-irradiated side after the orthodontic treatment
began (P = 0.03) (Appendix 3). As a response to the chairside
archwire ligation, significantly less pain was reported on the
laser side 1 day (P = 0.04) and 1 week after the placement of
the 0.014-inch thermal NiTi (P = 0.03) and 1 week after the
placement of the 0.016-inch thermal NiTi (P = 0.02) (Table 2).
The bite force decreased dramatically over the first 3 months of
orthodontic treatment (P < 0.01), followed by a trend of recov-
ery (Table 3). Significantly smaller reductions were found on
the laser side at both 1-week and 1-month intervals (P = 0.02 at
1 week and P = 0.04 at 1 month).

Results of periodontal indices and supragingival
bacteria load

Generally speaking, the periodontal status remained stable
throughout the 6 months of orthodontic treatment
(Table 4). The placebo group had a greater accumulation
of plaque at the gingival margin than the laser group, and
statistical significance was shown at the 1-month (P <
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0.01) and 3-month follow-up (P = 0.03) visits. In terms of
the level of change from the baseline value, the intergroup
difference was found to be significant at the 1-month fol-
low-up visit (P = 0.02). The intergroup difference in the
amount of increase was detectable at a significant level at
the 3-month follow-up visit (P = 0.01). When the mea-
sured results of the groups were compared, a higher BOP
was found in the placebo group, which was significant at

the 1-month follow-up visit (P = 0.03). No significant
intragroup or intergroup differences were detected for
PPD, GR or CAL at any time-point.

The log10-transformed bacterial loads and proportions of
P. gingivalis and T. denticola are displayed in Appendix 4. The
bacterial load of T. denticola within both groups increased
significantly at the 1-month follow-up visit (P < 0.01). An
increased proportion of P. gingivalis for the placebo group in
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Fig. 2 The flow chart of study progression (N: number of subjects; n: number in each study group)

Table 1 Intragroup and intergroup comparisons of pain intensity assessed by VAS values (mm) in pain diary

Time-points Laser group Placebo group Intergroup
comparison (P)

Average (SD) Median (IQR) Min-max Average (SD) Median (IQR) Min-max

1-hour (T1) 4.2 (7.8) 0.0 (5.0) 0.0–32.0 5.9 (9.3) 0.0 (8.0) 0.0–30.0 0.14

6-hour (T2) 6.3 (11.3) 0.0 (8.0) 0.0–48.0 8.9 (12.0) 5.0 (10.5) 0.0–42.5 0.03*

24-hour (T3) 8.1 (13.1) 2.0 (10.0) 0.0–40.0 15.0 (21.9) 4.0 (26.5) 0.0–81.0 0.02*

2-day (T4) 4.2 (8.9) 0.0 (3.5) 0.0–35.0 6.9 (12.6) 1.0 (7.5) 0.0–45.5 0.25

3-day (T5) 2.1 (4.7) 0.0 (1.0) 0.0–21.0 4.1 (7.9) 0.0 (3.0) 0.0–30.0 0.07

4-day (T6) 1.9 (4.6) 0.0 (0.5) 0.0–20.0 2.9 (6.4) 0.0 (1.3) 0.0–26.0 0.53

5-day (T7) 1.9 (4.7) 0.0 (0.5) 0.0–21.0 2.1 (5.4) 0.0 (0.5) 0.0–22.0 0.92

6-day (T8) 1.2 (4.3) 0.0 (0.0) 0.0–22.0 2.7 (5.0) 0.0 (2.8) 0.0–15.0 0.09

7-day (T9) 2.1 (5.1) 0.0 (0.5) 0.0–22.5 2.6 (5.6) 0.0 (1.5) 0.0–19.0 0.40

Maximum pain over 7 days 10.6 (13.7) 8.0 (9.5) 0.0–48.0 18.0 (21.6) 10.0 (31.0) 0.0–81.0 0.02*

Intragroup
comparison (P)

0.00**

T2 > T8
*; T3 > T5

**; T3 > T6
**; T3 > T7

**; T3 >
T8

**; T3 > T9
**

0.00**

T3 > T1
**; T3 > T4

*; T3 > T5
**; T3 > T6

**; T3 > T7
**;

T3 > T8
**; T3 > T9

**

n = 27, * P < 0.05, ** P < 0.01
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comparison with the baseline (P = 0.02) was seen at the 1-day
follow-up visit. No significant intergroup differences were
found for the absolute load or proportions of either species.

Results of GCF levels of biomarkers

The levels of PGE2 and SP in the GCF were found to increase
sharply during the first day after initial force activation (P = 0.01
for PGE2, P < 0.01for SP) and to decline thereafter (Table 5).
The laser group showed significantly less increase in the GCF
levels of IL-1β than the placebo group at 1 day (P = 0.01) and 1
month (P = 0.03) after the placement of the initial archwire.
Significantly less increase was seen in the GCF levels of PGE2
within the laser group than in the placebo group at the 1-day (P=
0.02) and 1-week (P < 0.01) intervals. The increase in the GCF
levels of SP was found to be more well controlled in the laser
group at the 1-day interval (P < 0.01).

Discussion

This is the first RCT to investigate the effects of LLLI on
the management of orthodontic pain (primary outcome)
and periodontal inflammation (secondary outcome) in
the orthodontic treatment of periodontally compromised
patients. Comprehensive outcome assessment was carried
out to test the hypothesis. Objective analyses of GCF
biomarkers were included to supplement and validate the
subjective assessment of pain perception. In addition to
periodontal clinical indices, GCF biomarkers and the
supragingival bacteria load were analysed to provide evi-
dence of LLLI’s effect on the modulation of periodontal
inflammation. Overall, this study provides promising find-
ings regarding the analgesic and anti-inflammatory effects
of LLLI over the 6-month orthodontic treatment.
Therefore, the null hypothesis of this study is rejected or
at least partially rejected.

Table 3 Intragroup and intergroup comparison of maximum voluntary bite force (N)

Laser group Placebo group P for intergroup
comparison

Time-point Mean (SD) 95% CI Decrease
compared
to T0 (%)

Mean (SD) 95% CI Decrease
compared
to T0 (%)

Baseline (T0) 23.50
(14.47)

17.53–29.47 0 24.82
(14.27)

18.93–30.71 0 0.26

1-day (T1) 15.37
(12.03)

10.40–20.33 34.61 13.33
(11.41)

8.62–18.04 46.31 0.09

1-week (T2) 11.15 (8.95) 7.45–14.84 52.57 8.13 (7.08) 5.20–11.05 67.26 0.02*

1-month (T3) 13.57
(11.02)

9.02–18.12 42.27 10.63 (8.19) 7.24–14.01 57.19 0.04*

9-week (T4) 13.30
(11.71)

8.47–18.13 43.40 10.93
(10.84)

6.45–15.40 55.98 0.08

3-month (T5) 17.09
(15.93)

10.51–23.66 27.29 14.80
(13.93)

9.05–20.55 40.37 0.09

P for intragroup
comparisons

0.00**

T0 > T1
*; T0 > T2

**; T0 > T3
**; T0 > T4

*
0.00**

T0 > T1
**; T0 > T2

**; T0 > T3
**; T0 > T4

**

n = 25, * P < 0.01, ** P < 0.05

Table 2 Intragroup and intergroup comparisons of pain intensity (VAS score in mm) triggered by chairside archwire activation

Time-point Laser group Placebo group Intergroup comparison (P)

Average (SD) Median (IQR) Min-max Average (SD) Median (IQR) Min-max

1-day (T1) 10.3 (10.9) 7.5 (15.2) 0–36.7 12.9 (13.0) 9.0 (16.8) 0–46.0 0.04*

1-week (T2) 8.4 (11.7) 4.8 (8.8) 0–45.0 12.7 (17.0) 6.5 (13.1) 0–61.0 0.03*

1-month (T3) 8.1 (11.7) 5.0 (8.1) 0–47.5 11.9 (17.1) 5.0 (15.3) 0–70.0 0.07

9-week (T4) 4.4 (6.4) 1.8 (5.5) 0–23.2 6.5 (7.1) 3.5 (11.7) 0–24.0 0.02*

3-month (T5) 5.8 (9.1) 2.7 (7.9) 0–43.2 7.3 (11.4) 1.5 (9.4) 0–41.0 0.84

Intragroup comparison (P) 0.00**

T1 > T4
*; T1 > T5

*
0.00**

T1 > T5
*

n = 27, * P < 0.05, ** P < 0.01
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Table 4 Intragroup and intergroup comparison of periodontal clinical parameters during 6 months after the placement of initial archwire

Measurements Laser Placebo P value for intergroup
comparison

Mean (SD) Mean change from
baseline (SD)

Mean (SD) Mean change from
baseline (SD)

For mean
value

For change
amount

PPD (mm)

Baseline (T0) 1.62 (0.36) — 1.62 (0.32) — 0.90 —

1-month (T1) 1.70 (0.43) 0.08 (0.63) 1.75 (0.34) 0.13 (0.47) 0.24 0.37

3-month (T2) 1.59 (0.35) − 0.03 (0.39) 1.65 (0.37) 0.03 (0.36) 0.13 0.27

6-month (T3) 1.76 (0.33) 0.13 (0.46) 1.77 (0.30) 0.15 (0.35) 0.79 0.88

P value for intragroup
comparison

0.33 0.17 0.19 0.22 — —

PI

Baseline (T0) 0.32 (0.25) — 0.36 (0.24) — 0.15 —

1-month (T1) 0.41 (0.25) 0.09 (0.25) 0.59 (0.30) 0.22 (0.22) 0.00** 0.01**

3-month (T2) 0.44 (0.19) 0.12 (0.22) 0.50 (0.22) 0.14 (0.19) 0.03* 0.59

6-month (T3) 0.53 (0.31) 0.25 (0.34) 0.59 (0.37) 0.26 (0.38) 0.10 0.71

P value for intragroup
comparison

0.01**

T0 < T2
**; T0

< T3
*

0.25 0.00**

T0 < T1
**; T0 < T2

*; T0
< T3

*

0.07 — —

GI

Baseline (T0) 0.51 (0.30) — 0.51 (0.24) — 0.99 —

1-month (T1) 0.55 (0.30) 0.04 (0.37) 0.62 (0.33) 0.11 (0.34) 0.10 0.06

3-month (T2) 0.51 (0.29) 0.00 (0.36) 0.68 (0.25) 0.17 (0.27) 0.00** 0.01*

6-month (T3) 0.61 (0.32) 0.11 (0.38) 0.71 (0.28) 0.22 (0.30) 0.04* 0.19

P value for intragroup
comparison

0.07 0.03*

T2-T0 < T3-T0
*

0.01*

T0 < T2
*; T0 < T3

**
0.09 — —

BOP (%)

Baseline (T0) 12.24 (8.08) — 14.25 (7.48) — 0.29 —

1-month (T1) 12.29 (9.35) 0.05 (11.76) 17.44 (9.58) 3.19 (11.12) 0.02* 0.27

3-month (T2) 12.00 (10.06) − 0.24 (12.19) 12.81 (7.91) − 1.44 (10.19) 0.73 0.70

6-month (T3) 12.04 (10.88) − 0.29 (12.68) 17.62 (9.83) 3.15 (11.76) 0.06 0.22

P value for intragroup
comparison

1.00 0.97 0.26 0.12 — —

CAL (mm)

Baseline (T0) 3.09 (1.37) — 3.17 (1.48) — 0.61 —

1-month (T1) 3.21 (1.05) 0.12 (0.88) 3.32 (1.28) 0.15 (0.88) 0.52 0.75

3-month (T2) 3.03 (1.13) − 0.05 (0.52) 3.16 (1.24) − 0.01 (0.52) 0.44 0.57

6-month (T3) 3.25 (1.16) 0.14 (0.67) 3.29 (1.18) 0.12 (0.67) 0.82 0.83

P value for intragroup
comparison

0.24 0.15 0.64 0.53 — —

GR (mm)

Baseline (T0) 1.62 (1.23) — 1.78 (1.45) — 0.34 —

1-month (T1) 1.49 (1.08) −0.13 (0.50) 1.62 (1.28) −0.16 (0.56) 0.42 0.69

3-month (T2) 1.45 (1.07) −0.16 (0.50) 1.51 (1.18) −0.28 (0.68) 0.71 0.30

6-month (T3) 1.46 (1.17) −0.18 (0.59) 1.55 (1.15) −0.27 (0.74) 0.59 0.44

P value for intragroup
comparison

0.35 0.37 0.35 0.41 — —

n = 27, * P < 0.01, ** P < 0.05
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Study design and subject characteristics

Orthodontic pain is a highly subjective symptom with
wide inter-subject variation (12). Moreover, the response
of periodontal tissue to inflammation and mechanical
forces has been shown to be affected by various host
factors (15, 16). Therefore, a split-mouth design was
adopted in this study.

Most of the study participants were female (22, or 81.5%),
perhaps because women have greater awareness of dental ap-
pearance and dental treatment demand is higher among wom-
en (17, 18). About two thirds of the study participants were

middle-aged and elderly adults older than 45 years (mean age,
47 years; SD, 8 years), possibly because of the clinical course
of periodontitis. All measurements showed no intergroup dif-
ferences at the baseline, which indicates that the laser and
placebo groups on the two sides of the dental arches were
generally comparable (Appendix 1).

Orthodontic and low-level laser treatment

Orthodontic treatment plays an adjunctive role in the interdis-
ciplinary treatment of periodontitis, so non-extraction fixed
appliance therapy was carried out in most patients. Light force

Table 5 Intragroup and intergroup comparisons of IL-1ß, PGE2 and SP level in GCF over 9 weeks after placement of initial archwire

Time-point Laser group Placebo group Intergroup comparison of
change (P)

Median
(IQR)

Min-max Change from baseline in
median (IQR)

Median
(IQR)

Min-max Change from baseline in
median (IQR)

IL-1ß

Baseline 0.39
(0.49)

0.10–2.36 — 0.26
(0.25)

0.00–2.68 — —

1-day 0.35
(0.39)

0.08–2.37 0.01 (0.30) 0.51
(0.46)

0.17–2.95 0.16 (0.47) 0.01**

1-week 0.47
(0.52)

0.11–2.29 0.07 (0.49) 0.44
(0.26)

0.16–2.28 0.03 (0.36) 0.47

1-month 0.49
(0.44)

0.09–1.55 − 0.04 (0.51) 0.41
(0.40)

0.04–4.38 0.10 (0.44) 0.03*

9-week 0.45
(0.34)

0.09–3.05 − 0.01 (0.42) 0.44
(0.28)

0.13–3.80 0.08 (0.36) 0.36

Intragroup
comparison (P)

0.31 0.25

PGE2

Baseline (T0) 0.52
(2.19)

0.00–6.70 — 0.35
(1.57)

0.00–4.82 — —

1-day (T1) 0.88
(2.30)

0.00–7.87 −0.01 (0.43) 1.25
(2.76)

0.00–8.30 0.37 (1.24) 0.02*

1-week (T2) 0.55
(1.98)

0.00–4.18 −0.02 (1.02) 0.91
(1.70)

0.00–6.29 0.18 (1.04) 0.00**

1-month (T3) 0.84
(3.09)

0.00–5.85 − 0.02 (2.22) 0.74
(1.75)

0.00–7.55 0.10 (0.89) 0.32

9-week (T4) 0.73
(1.89)

0.00–4.19 0.00 (1.21) 0.69
(1.27)

0.00–3.63 0.00 (0.70) 0.65

Intragroup
comparison (P)

0.81 0.01*

T1 > T0; T1 > T4

SP

Baseline (T0) 0.34
(0.90)

0.00–3.56 — 0.26
(0.73)

0.00–2.14 — —

1-day (T1) 0.55
(0.83)

0.00–3.11 0.08 (0.46) 0.97
(0.93)

0.00–5.74 0.26 (0.97) 0.00**

1-week (T2) 0.33
(0.75)

0.00–4.76 0.01 (0.66) 0.18
(1.08)

0.00–7.71 0.00 (0.39) 0.81

1-month (T3) 0.30
(0.65)

0.00–5.15 − 0.11 (0.77) 0.26
(1.11)

0.00–7.27 0.00 (0.63) 0.12

9-week (T4) 0.62
(0.77)

0.00–8.01 0.10 (0.94) 0.82
(1.24)

0.00–4.08 0.47 (1.15) 0.46

Intragroup
comparison (P)

0.39 0.00**

T1 > T0, T1 > T2

n = 27, * P < 0.01, ** P < 0.05

Lasers Med Sci (2020) 35:729–739736



was applied on an approximate number of teeth on both sides
of dental arch with small standardised thermal NiTi wires for
the first 3 months (10, 12). The 940-nm wavelength was re-
ported to be beneficial for orthodontic pain management, peri-
odontal inflammation control and bone remodelling in both
in vitro and in vivo studies (19–21). The energy density of
each irradiation was confirmed to be 8.6 J/cm2 and 4 J/tooth,
which also conformed to the recommended dosage of 0.5 to
10 J/site for orthodontic pain relief and 1 to 10 J/ cm2 for
periodontal inflammation control (10, 12). A multiple appli-
cation regimen was established throughout the treatment pro-
cess to exert long-term bio-modulatory effects on the peri-
odontal tissue.

Subjective pain assessment

In both experimental groups, the self-reported pain over 7
days followed a similar pattern of change, with the most se-
vere pain appearing at the 24-hour interval, which is consistent
with most previous findings (22, 23). It was determined via
intergroup comparison that the laser-irradiated side experi-
enced less pain than the placebo side. However, the difference
was only significant at the 6-hour and 24-hour intervals and
marginally significant at the 3-day interval. It was also report-
ed that LLLI showed an obvious analgesic effect during the
first 3 days and not thereafter (24, 25). The natural time course
of pain may contribute to the reduction in the differences
between the two experimental groups (22). LLLI was also
found to reduce the maximum pain intensity over 7 days,
which supports the findings of other studies (26, 27). Laser
irradiation was found to bring the endpoint of pain forward by
1 day when compared with the placebo side. The same phe-
nomenon was also observed by some scholars who found a
longer duration of pain on the placebo side over 7 days (26,
28). LLLI significantly reduced the pain level triggered by
chairside archwire ligation during the first month after the
placement of 0.014-inch archwire and during the first week
after the placement of 0.016-inch archwire (9-week interval).
Although nonsteroidal anti-inflammatory drugs (NSAIDs)
have shown confirmed analgesic effects on orthodontic pain,
their negative effects on periodontal tissue remodelling and
tooth movement rate have limited their clinical application
(22, 29). In contrast to NSAIDs, which mainly inhibit the
cyclooxygenase enzyme system responsible for the produc-
tion of prostaglandins, LLLI achieves its analgesic effects by
attenuating the local inflammatory response, with no adverse
effects on periodontal tissues (30).

Many studies have reported biting and chewing as the activ-
ities most negatively affected by orthodontic pain (4, 31, 32).
Pain serves as a modifying factor that limits the maximum bite
force due to reflex mechanisms (4, 33). Therefore, the maxi-
mum voluntary bite force of anterior occluding pairs was mea-
sured to serve as another indicator of subjective perception of

pain. During the first 3 months of treatment, a remarkable and
continuous drop occurred in the magnitude of bite force follow-
ed by a tendency to recover at the 3-month follow-up visit.
Neuromuscular adaptation to mechanical loading on the peri-
odontal tissue may account for this finding (34, 35). When
compared with placebo treatment, LLLI was shown to prevent
reduction of the bite force, especially during the first month
after initial archwire placement. Likewise, a significantly lower
level of chewing painwas reported on the laser-treated side than
on the placebo side for all 7 days after separator placement (21).
Another study suggested that LLLI was the most effective strat-
egy to control pain when chewing, biting and fitting front and
back teeth over 7 days and that it produced effects comparable
to those of ibuprofen (36). These findings indirectly support the
results of our study and reinforce the assumption that LLLImay
have an analgesic effect, which is manifested by protecting the
biting performance from deteriorating.

Periodontal clinical status and supragingival bacteria
load

Based on the 6-month follow-up visit, the periodontal status of
periodontally compromised patients who underwent orthodon-
tic tooth movement remained quite stable, with no significant
changes in PPD, BOP, CAL or GR and with a slight yet signif-
icant increase in PI and GI. This finding is in agreement with
the mainstream of current evidence (37–39). Despite regular
oral hygiene reinforcement and periodontal maintenance, the
accumulated supragingival plaque after bracket placement con-
tributed to an increased level of gingival inflammation, al-
though the alteration was not considered clinically significant.
This finding was consistent with the detected elevation in the
proportion of P. gingivalis over that of total bacteria after the
placement of orthodontic appliances within the placebo group
and in the absolute count of T. denticola at the 1-month interval
for both groups. When the periodontal indices were compared
between groups, the laser-irradiated group had more favourable
results, with significantly less supragingival plaque and milder
gingival inflammation at 1-month and 3-month follow-up
visits. LLLI appears as to be a promising adjunctive approach
to mechanical debridement in the control of periodontal inflam-
mation and wound healing for patients with chronic periodon-
titis (10). Although no intergroup difference was found in the
quantity of P. gingivalis or T. denticola, it cannot be denied that
the lower pain level perceived on the laser-irradiated side
favoured the maintenance of oral hygiene during the early stage
of tooth movement.

GCF biomarkers associated with pain
and inflammation level

Among the various cytokines in theGCF, the variations in IL-1β,
PGE2 and SP are the most widely studied and have been
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identified as having an independent association with orthodontic
pain (40). The levels of PGE2 and SP in the GCF peaked at the
24-hour interval in the placebo group, followed by a steady re-
covery over the following 2months. This finding is corroborated
by studies in adolescents and young adults, in whom an increase
in the levels of many inflammation mediators was found to be
most pronounced at the 24-hour interval (40). The fluctuation of
GCF biomarkers coincided with the change pattern of subjective
pain intensity, which suggests that a neuro-immune interaction
occurs in the periodontal tissue during orthodontic tooth move-
ment (41). The GCF levels of all three cytokines at various time-
points showed less increase in the laser-irradiated group, espe-
cially during the first month. Bicakci was among the scholars
who investigated GCF pain-related biomarkers in LLLI-aided
orthodontic treatment. A significantly lower level of PGE2 was
reported in the LLLI-treated group 1 hour and 24 hours after
separator placement (13). This study identified the inhibitory
effect of LLLI on the increase of three pain-related cytokines in
the GCF, which suggests that laser treatment had analgesic ef-
fects from the biochemical perspective on periodontal patients
who underwent fixed-appliance therapy.

The LLLI-treated side exhibited less plaque accumulation
and gingival inflammation than the placebo side during the
first month, which coincides with its better control of the up-
regulation of IL-1β, PGE2 and SP levels in GCF. IL-1β, PGE2

and SP have been found to be critical in gingival inflammation
and alveolar bone resorption (42, 43). This favourable effect
on inflammation control was also reported in another study,
which showed that LLLI could prevent substantial increases
in the GCF levels of IL-1β in the short term and improve the
periodontal clinical parameters at the intermediate follow-up
in lingual orthodontic patients (44). The first immediate effect
of LLLI on the reduction of periodontal tissue may be on
neurogenic acute inflammation, which is manifested by regu-
lation of pain, vasodilation, chemotactic activity and cytokine
release. It may then have a longer-lasting effect on chronic
inflammation, as characterised by accelerated tissue repair
(collagen synthesis, angiogenesis and growth factor release),
so that the host-bacteria-force equilibrium can be maintained
and tooth movement can occur safely and effectively (30, 45).

Limitations of this study and future directions
for study

The characteristics of our study subjects hindered investiga-
tion of gender and age differences in the treatment response to
orthodontic tooth movement in conjunction with LLLI.
However, this study sample may to some extent represent
the general patient population who seek orthodontic treatment
after having controlled chronic periodontitis. Although it is
impossible to analyse the existence and extent of any potential
carry-across effect, the results of studies with a split-mouth
design appear to be comparable with those generated by a

parallel design (12). This also gives rise to the strict eligibility
criteria in participant recruitment, which results in this study’s
limited yet still adequate sample size. Studies with a larger
sample size or multiple centres can be carried out to validate
the findings of this study and the possible effects of gender
and age. The results of this study are based on short- and
intermediate-term observations. Therefore, long-term follow-
up is anticipated to provide further verification of LLLI’s
merits in anti-inflammatory biostimulation. Besides, the sub-
jective assessment of pain by VAS is another limitation of this
study, which explains why were pain-related cytokines in
GCF also substantiated for LLLI’s effect on pain relief.
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