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Abstract

Introduction: Crossbite is a common malocclusion with a 7-23% prevalence rate. Treatment is
based on the expansion of the mid-palatal suture (MPS) with Rapid Palatal Expansion(RPE) followed
by a retention period to reach new bone maturation, enough to maintain the results stable. This
systematic review was conducted to evaluate the effectiveness of low-level laser therapy (LLLT) in
increasing bone formation in MPS.

Accepted: January 2, 2022 Methods: This article was written by the PRISMA checklist. Electronically, 3 databases, namely
Published online March 23, PubMed, Scopus, and Embase, were searched with the keywords selected based on PICO. Time
2022 (2010-2021) and language restrictions were performed.

Results: 528 articles, out of which 374 studies were screened, were found, and 9 full-text articles
were subsequently included considering these inclusion criteria: randomized clinical trial (RCT)
that examines the efficacy of LLLT in rapid palatal expansion (RPE), age under 15 years, non-surgical
RPE with a tooth-supported appliance, and low-intensity laser application. Finally, 4 articles were
appraised by Cochrane version 5.2.0 with 7 domains. 3 of 4 articles showed LLLT has a significant
impact on bone formation. One of them showed no significant difference in pain perception and
bone density between the laser and non-laser groups.

Conclusion: While many studies have assessed the effect of LLLT on bone formation in animal
models, high-quality clinical trials are missing in this regard. The available clinical trials suggest a
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positive effect of LLLT on sutural bone formation after RPE.
Keywords: Laser therapy; Rapid palatal expansion; Bone remodeling; Photobiomodulation.

Introduction

Posterior cross bite is a discrepancy of upper and lower
dental arches with a 7%-23% prevalence rate." It can be
caused by either tooth position or jaw position or even
a combination of both. However, transverse maxillary
insufficiency is the most common reason.? This occlusal
disharmony and the aesthetic problem can cause jaw
growth problems in growing kids and teens.’ There is also
a confirmed correlation between maxillary constriction
and nasal airway resistance with sleep apnea.*® The
quality of treatment depends on mid-palatal suture
(MPS) maturation; thus, for a significant and more
effective long-term result, it has been suggested that the
treatment should start before the pubertal peak.®” Rapid
maxillary expansion (RME) has been extensively used for
this treatment with various appliances. By opting for this
method, a strong force can be applied over a short period
of time. Depending on the amount and rate of the force,
the expansion can happen slowly or rapidly.* A hyrax
expander is a tooth-supported appliance that provides

strong forces for RME, and it consists of two phases: the
active phase for MPS disjunction that is followed by at
least 3 months of retention time.’

In addition to complications such as pain, posterior
teeth tipping, soft tissue swelling, and recession, RME
may relapse after the retention period due to insufficient
osseous regeneration in MPS."° The acceleration of the
suture bone remodeling after expansion would be helpful
to prevent relapse and shorten the retention period."

Different methods have been tested to increase the
speed of bone remodeling, like the case of drug injections,
the application of ultrasound, an orthodontic treatment
combined with periodontal surgery with a bone graft, and
the application of low-intensity lasers.'?

Low-intensity lasers are accepted in orthodontic
treatments due to their biostimulating effects on pain
reduction,” acceleration in tooth movement,'* and
alveolar remodeling."" Low-level laser therapy (LLLT)
uses low and non-thermal energy to accelerate tissue
repair procedures and metabolic bone activities."
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Many studies on animals'®” and humans' have

confirmed the advantages of LLLT during new bone
formation. Thus, using LLLT has been recommended to
improve the retention of RME.'"®" Relevant studies on
tooth socket healing, tooth movement,”" peri-implant
bone formation,””and management of osteoradionecrosis*
have looked for the effects of LLLT on bone formation.

The features of the lasers and their application
protocols, as well as the assessment of bone density with
conventional or tomographic radiographs, are important
factors, which need to reach a consensus among articles
in order to attain more definite treatment protocols.

Several protocols including the type of applied laser,
dose, and timing have been used in clinical trials, and
there is no consensus on a standard method or even the
efficacy of applying LLLT in enhancing bone formation
after palatal expansion. This study aimed at a systematic
analysis of the effectiveness of LLLT in patients who
underwent an RME to help find the best protocol for
clinical use and future studies.

Material and Methods

This systematic review was performed based on the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist and final articles
which met the inclusion criteria appraised by the
Cochrane guideline.

Inclusion Criteria

e Randomized clinical trials (RCTs) that examine the
efficacy of LLLT in bone formation or the amount of
relapse after RPE in humans

Table 1. Keywords Used in Searching Databases According to PICO

e Age of the participants: < 15 years old

e  Expansion protocol: non-surgical RPE with tooth-
supported appliances

e  Type of the used laser: Low-intensity laser

Exclusion Criteria

e  Studies irrelevant to LLLT

e  (Casereports

e Clinical trials including individuals suffering from
craniofacial deformities or syndromes

e Studies involving a mini-screw aiding rapid palatal
expansion

An electronic search on PubMed, Scopus, and Embase
was conducted. The search was limited to English reports
from January 2010 to March 2021.

The search strategy was formulated based on PICO
(Population, Intervention, Comparison and Outcomes)
instructions, and the keywords for each group were
determined. The all-inclusive keywords and the search
results can be reviewed in Table 1 and Table 2 respectively.
P: midpalatal suture expansion
I: LLLT application
C: No LLLT application or Sham LLLT application
O: Outcome: retention/ bone healing/ bone formation

Assessment of the Risk of Bias

Studies were categorized into one of the 3 groups: ‘low,
‘unclear’ and ‘high’ regarding Cochrane handbook version
6.1.2* Each article was appraised by 7 domains.

Data Extraction
The following data were extracted from the literature:

Concept 1 Concept 2

Concept 4

Problem: midpalatal suture expansion Intervention: LLLT

Maxilla (mesh)

Malocclusion (mesh)

Crossbite (mesh)

Palatal expansion technique (mesh)
Malocclusion

Laser therapy (mesh)
Lasers (mesh)

"Low level light therapy"

Low-level light therapy (mesh)

laser phototherapy (mesh)

Outcome: retention/ bone healing

Bone remodelling (mesh)
Wound healing (mesh)
Regeneration
Remodelling

Wound healing

Palatal expansion technique
"Rapid maxillary expansion"
"Rapid palatal expansion"
"Midpalatal suture"

RME

RPE

MPS

Mid palatal

"Crossbite"

"Maxillary transverse deficiency"

Maxillary deficiency
"Maxillary constriction"
Maxillary expansion
"Midpalatal anterior suture"
"Midpalatal posterior suture"
Midpalatal suture

"Low power laser therapy"
"Low level laser therapy"
"Low-power laser irradiation"
"Low-level laser applications"
"Low-intensity laser"
"Low-output laser"

"Soft laser"

"Light emitting diode"

"Laser energy values"
Diode lasers

"Laser biostimulation
"Laser phototherapy"
Photobiomodulation
LLLT

GaAlAs

AlGaAs

GaAs

"Laser irradiation”
Laser*

Irradiation

Low level light therapy
Low power laser irradiation

"Bone healing"
"Bone repair"

"Bone formation"
Ossification*
Osteoclastogenesis
Osteoconduction
"Osteoblastic bone formation"
"Osteoblastic cells"
"Bone density*"

Bone mineral density
"Connective tissue*"
Relapse*

Retention
"Maintenance phase"
Retainer*
Recurrence
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author, year, sample size, mean age of the contributors,
radiography type, intervals of taking records, and the type
of appliance used for expanding and its rate of activation,
retention period, the laser application points, intervals,
and outcomes (Table 3).

Results
The primary search of the databases resulted in 528
articles in total; 126 from PubMed, 288 from Scopus,

Table 2. The Exact Search Strategy for PubMed

Search Strategy

OR between all keywords for P in title/abstract+4 keywords in
#1

MeSH Terms

OR between all keywords for I in title/abstract+4 keywords in
#2

MeSH Terms
43 OR between all keywords for O in title/abstract+2 keywords in

MeSH Terms
#4  #1 AND #2 AND #3

and 114 from Embase. Also, 154 duplicates were found
and eliminated by Endnote version 8.1. Two authors
independently started the screening by reviewing titles
and abstracts in separate surveys. Finally, 9 Full texts of the
presumed eligible studies were obtained and assessed to
match the inclusion criteria. A third author evaluated any
disagreements to reach a solution. Finally, 4 articles'>'**>*
met the inclusion criteria. The PRISMA diagram of the
included studies is shown in Figure 1. All of the 4 clinical
trials were appraised using Cochrane guideline version
5.2.0 in 7 domains to determine the general conditions of
the studies (Figure 2).

According to the analysis in Cepera and colleagues’
study,® the initial ages of the patients and the amounts
of screw opening in both groups were similar. The bone
density between the groups was different at specified
times. The means, standard deviations, and Student
t-tests were used for drawing a bone-density comparison

Table 3. General Information About Articles and Their Methodology

Author (y)
Sample Size

Age Range (Mean)

Intervention (Laser Type)

Diagnostic Records

Intervals of Record Taking

Expander Device

Activation Protocol

Retention

Laser Application Points

Laser Application Stages

Density Analysis

Outcomes

Cepera et al >
7 Males and 7 females

10.29

RME assisted with a
diode laser (TWIN Laser;
MMOptics, S~ao Carlos,
Brazil)

Occlusal radiographs

T1: start,

T2: immediately after the
appliance activations,

T3: 3-5 days after T2,

T4: a month after T3, T5: 2
months after T4

Hyrax expander (DENTSPLY
GAC International, Bohemia,
NY)

4 activations on the first

day (1 full turn) and 2 daily
activations on the following 8
days (half turn)

3 months

10 points around the
midpalatal suture

s1: from the start of activation
for 5 days.

s2: immediately after the end
of expansion for 3 days.

s3: every week for 3 weeks.

Two reference lines were
drawn in occlusal images
taken with the step wedge
technique (the higher the
value, the more bone is
present in the area)

LLLT can speed up the bone
formation

Garcia, V. J. et al'®(2015)
23 Females and 18 males

8.45

RME assisted with an
InGaAlIP laser

2 CBCTs

75 days apart

Type S palatal Hyrax
expansion screw
(Forestadent, Pforzheim,
Germany)

a quarter turn two times a
day until 50 % transversal
overcorrection was achieved

6 months

One vestibular and 6 palatal
points

Seven applications were
made on days 1 (the first day
of the retention phase), 7, 14,
28, 42, 56, and 70.

Inferior suture and superior
suture

LLLT stimulates the repair
process during the retention
period

Ferreira, F. N. et al®® (2015)
5 Males and 5 females

11

RME assisted with GaAlAs

CBCT of the anterior region
of the maxilla

t0: shortly after disjunction,
T1: after the retention period

Hyrax-type expander with
a 13 mm expansion screw
(Morelli, Sorocaba, SP, Brazil)

A full turn at the moment of
installation, followed by 1/2
turn daily activations (1/4
turn in the morning and 1/4
turn at night), until achieving
overcorrection (after 14 days)

4 months

Incisal papilla, at the regions
right and left to the palatal
raphe, and most posterior
region along the midpalatal
suture

12 sessions in total: Twice a
week in the first month and
once a week in the second

month.

The distance between the
alveolar crest and the incisal
foramen

LLLT accelerates bone repair
after RME

Matos, D. S. et al ¥ (2020)
20
9.15

RME assisted with a diode
laser (DC International,
Carmel, CA, USA)

digital occlusal radiograph

T1: at the time of screw
fixation,

T2: 1 month after, T3: 2
months after, T4: 3 months
after, T5: 6 months after.

Hyrax expander

One full turn for initial
activation. From the 2nd day
after insertion, 2 daily ¥a turn
activations, with an interval
of 12 h for 15-21 days

6 months

6 spots distributed bilaterally,
parallel and ata 0.5 cm
distance from the suture

5,10, and 15 days after
screw fixation and then once
a week for 8 weeks

Radiographs were evaluated
by software to measure pixel
values of previously defined
selections.

No effects were observed
after RME and using LLLT.
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Records identified through searching in
PubMed (126), Scopus (288) and Embase
(114):

(n=1528)

Identification

- l

Duplicate records: 154

: 1

\ 4

Records excluded (n=193)

Full-text articles excluded:

A 4

Due to exclusion criteria: 5

Surgically assisted RPE: 3

Not applied LLLT:1
Age over 15: 1

Figure 1. Search Strategy According to the PRISMA

Adequate sequence generation

Allocation concealment

Blinding (Subijective outcomes)

Blinding (Mortality)
Incomplete outcome data addressed (Short-term outcomes

selective reporting
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other bias

Figure 2. Risk of Bias Assessment With Cochrane Version 5.2.0.

between the radiograph times (T1-T5) of the laser group
and the no-laser group. The analysis showed a significant
decrease in density during screw opening (T2-T1) and a
significant increase in density during the final evaluation
period (T5-T4). In the no-laser group, there was no
statistically significant difference in densities during the
evaluated periods.

In Garcia and colleagues’ study,'? age and gender were
approximately similar in both groups. The approximation
offourareaswasassessedin 2 CBCT (cone-beam computed

Records screened (n=374)
—__J
—
v

&z

-_'g Full-text articles assessed for

B eligibility (n=9

= g y( )
—__J
( ‘ v

E Studies included in the study

E (n=+)

A
—__J

tomography) with 75-day intervals. All four distances
almost showed a greater degree of approximation in 27%
of irradiated patients. On day 75 of retention (CBCT 2),
the analysis showed a significant difference in superior
distance between the two groups.

In Ferreira and colleagues’ study,” similar to Garcia
and colleagues, there was an increase in the final optical
densities (OD) from TO to T1 in both groups, and this
increase was significant in the laser group. The student ¢
test showed a statistically significant difference between
the two groups at final OD (T1).

In Matos and colleagues’ study,” unlike the other
three, the mean age of the control group (8.2 years) was
significantly lower than the laser group (9.2) (P=0.0308),
but sex was kept similar between the two groups. This
article showed no significant difference in bone formation
and pain sensation in the case of laser irradiation. The
bone density was low in both groups of 3 months versus
6 months. The very fact proved that only time influenced
bone formation. Children at the age of 7 also demonstrated
less pain than 11-year-old children (P=0.0176).

Discussion

The most common concern for orthodontists after
crossbite treatment is the probability of relapse.”” The
amount of relapse depends on the amount of bone

Journal of Lasers in Medical Sciences Volume 13, 2022
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formation in MPS related to longer retention time."
One of the methods for decreasing the retention time is
the application of LLLT since the effect of LLLT is dose-
dependent.®® Further clinical studies are required to find
the best protocol. In this systematic review, we analyzed
the effectiveness of LLLT in MPS’ bone density and
discussed the major factors that influenced the results.

Radiographs Used for the Assessment of Bone Density
In many articles, conventional radiography like occlusal
one is an adequate tool to evaluate the opening of the
MPS. But the existence of the different types of tissues,
the probability of the superimposition of structures owing
to the two-dimensional (2D) representation of three-
dimensional structures in a single plane,” and technical
and processing errors may interfere with the diagnostic
quality of images.”® In another technique, contrast and
density levels can be adjusted with digital imaging and
a lower dose of radiation is required, but limitations of
2-dimensional images still exist.’ Because of the ability
of analysis in different planes and depths in CBCT and
the studies that assess the infra-bony defects caused by
periodontal disease or identifying clinical bone defects
such as fenestrations and dehiscence, using CBCT has
higher integrity and accuracy in diagnosis.'>*!

However, CBCT can evaluate bone quality, while density
measurement does not seem to be valid."” Besides the
differentiation in the type of radiographs, the frequency
of the radiographs, the place and the number of anatomic
zones, as reference points are different in studies, make
comparisons difficult.

Cepera et al took 128 occlusal radiographs in 7 intervals
from the beginning of the treatment. Because of the
large number of radiographs taken and some difficulty
in standardizing the days of radiograph retrieval, the
lack of some radiographs during the evaluation period
happened.” Ferreira et al and Garcia et al both used CBCT
for radiographic analysis. But in Ferreira and colleagues’
study, CBCT scanning was limited to the anterior region
of the maxilla to reduce the radiation exposure of the
patients. The second CBCT in Ferreira and colleagues’
study was taken 75 days later than 6 months in Garcia
and colleagues’ The mean bone density of three points in
a coronal section of the anterior part of the maxilla was
calculated in Ferreira and colleagues’ study, and Garcia
et al assessed 4 inter-sutural references in the sagittal
plane in both anterior and posterior parts.'>* Matos et
al used digital occlusal radiographs 5 times. The first 15
days after activation and the other four days were taken in
the retention period. The reference point was selected in
the center of the expanded MPS in Matos and colleagues’
study and the anterior region in Cepera and colleagues.
The overall method of these two articles was similar."**

According to some studies, using CBCT would produce
more accurate results, and because of the triangular

configuration of the expanded suture with the maximum
opening at the incisors region, in order to avoid metal
artifact in radiographs due to the presence of the expander
appliance in the site, it is recommended to choose the
anterior part of the maxilla as a reference point which is
far apart from the Appliance. 122526293132

Time of the Initiation of the Laser Irradiation

Another controversial question is when is better to start
LLLT application? Like the other issues, this topic is also
different in literature.

Because some studies in rats reported that the laser
was more effective during the initial stages of bone
regeneration.”® It is also stated in articles that LLLT
could increase bone regeneration and accelerate MPS
expansion.””? Three of the four articles started laser
application from the activation period. Cepera et al
started LLLT application from the start of expansion
screw activation and analysis showed a reduction in bone
level, demonstrating facilitation in opening the MPS.*
In the studies by Cepera et al, Ferreira et al, and Matos
et al, the frequency of laser radiation was higher in the
activation time.">**¢ In contrast with these studies, Garcia
et al applied the laser 7 times only in retention time.
The authors stated that due to the younger age of the
participants and lack of reliable results, they did not need
to start from the beginning.'

Except for the effectiveness of LLLT in MPS
acceleration, because of other benefits of lasers, such
as their effectiveness in pain reduction” and wound
healing,* and for better comparison between studies, we
recommend that LLLT should be applied from the initial
phase of treatment in future studies.

Laser Application

The place of laser application, the number of points,
total radiation time and dosage, and the tube’s location
are effective factors in outcomes. On average, in four
articles, LLLT was applied ten times for each person
during the study. Also, on average, seven points, most of
which were located in the anterior region, were irradiated.
Furthermore, in all four articles, the incisive papilla was
a point of application.'>'**?¢ Because of the greater
importance of the front area, Garcia et al applied the LLLT
to both sides of the jaw (vestibular and palatal).”?

Garcia etal applied a 660nm laser with differentamounts
of energy per point (6 ] and 3 J). The total laser dosage was
not mentioned clearly . Cepara et al applied 780nm with
a total dose of 44 J,*° and Ferriera et al used 780nm and
the total applied dose was 140 J/cm?*.* Matos et al applied
980nm with 238.85 J/cm? total Radiant exposure.’
Although Matos et al concluded that the bone formation
was not significantly affected by LLLT and was influenced
only by time, authors believe that laser impacts like bone
formation and suture healing depend on the dose, time,
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and frequency irradiation.'** However, for more accurate
results, further studies are needed. However, according to
these three available studies and following the indication
of the literature that for the young patients the application
of the 1/3 of the adult dose is enough,* for future studies
we recommend trying the efficacy of the lowest laser
power and dosage.

Age

The effect of age on MPS is evident, and for more accessible
treatment with a more satisfactory prognosis, it is better
to start the treatment before the pubertal peak grows.””*
Therefore, to reach uniformity, we included articles with
similar age and treatment protocols.

Retention

Most of the studies stated that a retention period of
three months is not sufficient, and a six-month retention
time is more appropriate.*>"> Matos et al also showed
that bone density in six months was higher than three
months."”? Nevertheless, most of the studies done on LLLT
showed that applying LLLT could significantly reduce
the retention period, which is a notable advantage for the
therapist and the patient.*’

Conclusion

LLLT seems to be an effective intervention to accelerate
bone formation and be used in RPE to reduce retention
time. According to the available literature, further studies,
especially long-term, prospective randomized controlled
clinical trials, including larger sample size, are needed to
generate safe results and achieve the best method which is
clinically applicable. However, according to the currently
available data, clinical trials suggest a positive effect of
LLLT on sutural bone formation after RPE.
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