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Introduction:-

Orthodontic treatment is one of the routinely performed therapeutic procedures in dentistry. This treatment
comprises mainly of fixed appliances which are attached on the teeth and various types of tooth movements are
carried out with the help of various wire configurations.® The orthodontic treatment is based on the premise that
when force is delivered to a tooth and thereby transmitted to the adjacent investing tissues, certain mechanical,
chemical and cellular events take place within these tissues which allow for structural alterations and contribute to
the movement of that tooth.? This requires the use of application of optimal orthodontic force which can bring about
the maximum tooth movement with minimum irreversible damage to the root, periodontal ligament and alveolar
bone.? Since the application of force is limited various other modalities have been applied to accelerate this tooth
movement. Various pharmacological aids have been used to accelerate the orthodontic tooth movement like
prostaglandins, 1,25 (OH), D; (active form of Vitamin D), steroids etc.*®> Recently electric stimulation and
ultrasound application have also been tried in improving the tooth improvement.®’
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Ultrasound is a form of mechanical energy. Mechanical vibrations at ‘increasing frequencies’ is known as sound
energy. The normal human sound range is from 16 Hz to something 20,000 Hz. Beyond this upper limit the
mechanical vibration is known as ultrasound. The frequencies used in therapy are typically between 1 and 3 Hz.®
Ultrasound therapy has also been demonstrated to stimulate growth factors, up-regulate bone proteins, and increase
specifically the production of vascular endothelial growth factor (VEGF); these effects play an essential role in the
maintenance and repair of dental tissues, osteoclast differentiation, bone resorption, and possibly the dentine -pulp
complex.? It is worth noting that because protein molecules absorb ultrasound energy at different rates; collagenous
tissues can be targeted directly and preferentially, enhancing precision of ultrasonic applications.’® This makes
ultrasound a novel candidate for the stimulation of dentine regeneration and a variety of other therapeutic dental
applications. The application of ultrasound energy at much lower levels than is the current clinical norm is starting
to gain ground as a therapeutic possibility.** Low intensity pulsed ultrasound (LIPUS) is clearly ultrasound energy,
but delivered at much lower intensity than traditional ultrasound energy. There are other differences with the output
of LIPUS devices but, this is the most obvious issue. While a typical therapy machine will offer an operating
frequency choices of 1IMHz or 3MHz, the LIPUS operating frequency at a 0.75MHz frequency.*?

LIPUS treatment has been shown in various experimental studies to accelerate the restoration of mechanical
properties of bone, such as maximum torque and torsional stiffness during fracture healing *** It was shown that
ultrasound accelerated fracture healing when applied during the inflammatory and early proliferative phases of bone
regeneration. However, when applied in the late proliferative phase, it stimulated cartilage growth, suggesting that
the time of application is important.”> Many in vivo studies suggest the LIPUS does not affect the remodelling phase
of fracture healing, but the earlier inflammatory or callus formation phases of healing and mainly the endochondral
ossification, as well as the angiogenesis phase. Positive effects of LIPUS treatment on the maturation process of the
bone regenerate during distraction osteogenesis have also been found in animal models, with significantly more
callus formation, higher mineral content, and a higher bone regenerate stiffness.’**” Recently, it has been shown
that the effects of LIPUS are even more pronounced when applied during the lengthening phase compared to the
maturation phase and that possibly its effect is mediated via endochondral pathways.*®

The effect of LIPUS on periodontal ligament regeneration has also been reported. It has been observed that LIPUS
induces early cementoblastic differentiation of human immature cementoblasts from the periodontal ligament by
promoting the formation of substrate and increasing alkaline phosphatase(ALP) activity, enabling the regeneration
of periodontal tissue destroyed by periodontal disease and the acceleration of the repair of root resorption.() Mostafa
et al. demonstrated that ALP and OPN expressions were also induced in human gingival fibroblasts treated with
LIPUS, confirming that after 3 weeks of 5min/day exposure the osteogenic differentiation potential was enhanced. It
has also been observed that LIPUS simulation significantly up-regulated COX-2 mRNA expression and enhanced
PGE production inducing cementoblastic differentiation and matrix mineralization through EP2/EP4 prostaglandin
receptors pathway.™

The use of LIPUS as a measure of accelerating the tooth movement in orthodontic patients has not been studied
according to indexed literature. This is very important in the purview that orthodontic treatment is a time consuming
procedure and the use of aids in accelerating the same would be ideal. Further, the available modalities have various
compliance issues and side effects associated with them. Therefore, this study will be used to establish whether
LIPUS can be used as a modality in accelerating the orthodontic tooth movement. The Objective of the present work
are:

» To assess the rate of orthodontic tooth movement with normal mechanics.

» To assess the role of LIPUS in accelerating tooth movement in orthodontic patients.

» To compare the rate of tooth movement with and without addition of LIPUS therapy.

Material And Methods:-

This prospective longitudinal case-control study was performed on thirty young adult patients undergoing fixed
orthodontic treatment. The study was performed in the Department of Orthodontics, Nobel Medical College and
Teaching Hospital Pvt. Ltd, Biratnagar, Nepal after obtaining ethical approval from the Nepal Health Research
Council (NHRC, Kathmandu, Nepal). Thirty patients between the age group 18-30 requiring extraction of both
maxillary first premolars followed by canine retraction were included in this study. Patients with any systemic
iliness, on medications (that interfere with tooth movement & periodontal health) were excluded from this study.
Informed consent was obtained from all the study participants.
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The orthodontic treatment was started using the standard treatment protocol. The left maxillary quadrant was
considered as control whereas in the right maxillary quadrant LIPUS was applied at 2 week appointments. The
amount of space closure will be calculated in both the quadrants at three different times viz TO (just after bonding of
orthodontic brackets), T1 (one month after initiation of treatment) and T2 (three months after initiation of
treatment). The results were tabulated and statistically analysed.

Results:-

The amount of canine retraction as measured at three different time intervals shows that LIPUS has a positive effect
on the degree of tooth movement. The distance of canine retraction was measured in relation to the first molar, the
lateral incisor and the incisive papilla in both the LIPUS and the control groups. Graph 1 shows the difference in the
canine retraction as measured between TO & T1 in both the groups.

Comparison of canine retraction between TO- T1
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The distance of canine retraction as measured with respect to the first molar, lateral incisor and incisive papilla
showed significant difference (p=0.001; p=0.04 & p=0.02 respectively) between the LIPUS & the control groups
between TO & T1.

Similarly, a significantly increased amount of canine retraction was observed due to LIPUS in comparison to the
control group as evidenced by the three measurements (p=0.03;p= 0.02 & p=0.003) respectively between T1 and T2
(Graph 2). Also, the measurement of canine retraction when compared between TO and T2 showed a significant
difference for measurements made in relation to the first molar, lateral incisorand incisive papilla (p=0.001; p=0.032
& p=0.006) respectively (graph 3).
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Comparison of canine retraction between T0- T2
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In addition to the amount of canine retraction, the difference of degree of mesiodistal inclination of canines where
statistically analysed between the LIPUS group and the control group. Student’s t-test was performed for comparing
the difference in the mesiodistal inclination at various time intervals (TO&T1; T1& T2; TO & T2). It was observed
that there was no statistically significant difference in mesiodistal inclination of canine due to LIPUS (p>0.05). The
results are depicted in Table:1.

Table 1:-
T0-T1 T1-T2 | To-T2
Mean SD Mean SD | Mean )
LIPUS 1.96 225 1.02 2.26 213 3.21
Placebo | 2.01 3.02 1.22 372 213 212
P-value 0.521 0.432 0.392

Descriptive statistics and the results of student t-test analysis for comparison of the difference in mesiodistal
inclination of canines (degree) between the low intensity pulsed ultrasound and placebo groups at the different
treatment intervals.

Discussion:-
Shortening the duration of orthodontic treatment is a desirable goal for both the patients and the orthodontists.
Various researches have been conducted in this regard with different modalities being tried and tested.’® These
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include pharmacological techniques to surgical interventions which have been used to accelerate the rate of
orthodontic tooth movement. These, however have their own advantages and disadvantages.>**?* The need for non-
invasive means of accelerating the orthodontic tooth movement have led to the use of laser and ultrasound in low
intensities.?

Low-intensity pulsed ultrasound (LIPUS) stimulation is a clinically established, widely used and FDA (Food and
Drug Administration) approved intervention for accelerating bone growth during healing of fractures, non-unions
and other osseous defects. Therapeutic ultrasound is also widely used, especially in sports medicine and
myofunctional therapy, to decrease joint stiffness, reduce pain and muscle spasms, and improve muscle mobility.*
The effect of LIPUS on bone healing and regeneration of periodontal ligament have been studied extensively in
various in vivo and in vitro studies.”*?? The mechanism of increased rate of fracture healing is still unclear.
However, various studies indicate that LIPUS accelerates the differentiation pathway of mesenchymal stem cells in
the osteogenic lineage via activated phosphorylation of mitogen-activated protein kinase pathway, up-regulation of
cyclo-oxygenase-2, prostaglandin E2 and stimulating the bone morphogenetic proteins.?’?%  Similarly different
studies indicated that ultrasound has beneficial effect on the regeneration of soft tissues including periodontal
ligament cells.***!

The use of LIPUS in accelerating orthodontic tooth movement is limited with one study conducted on rats indicating
a positive effect of LIPUS in this regard.®* Similar results have been observed in our study where routine use of
LIPUS showed a significantly increased rate of (p<0.05) tooth movement as compared to the non LIPUS treated
side. Xue H et al suggested that LIPUS stimulation caused an elevation of HGF/Runx2/BMP-2 Pathway gene
expression and RANKL expression which caused an accelerated rate alveolar bone remodelling resulting in the
orthodontic treatment duration.*

In this study, the degree of canine retraction was studied using three different parameters similar to the study done
by Heravi F et al who evaluated the effect of low level laser therapy on orthodontic tooth movement.®® All the three
parameters in our study suggested a positive effect of LIPUS in accelerating orthodontic tooth movement.

This study also evaluated the difference in mesiodistal inclination of canine during the tooth movement. No
significant difference was observed between the LIPUS and the control groups (p>0.05). Heravi et al suggested that
the degree of tooth tipping is related to the extent of tooth movement and also the resistance offered by the alveolar
bone towards tooth movement. An increased tip is said to be related to increased tooth movement.* In our study,
even though the tooth movement increased following treatment with LIPUS the tipping was not significantly altered.

Conclusion:-
Based on the above results, it can be assumed that LIPUS can be used as an effective means of accelerating tooth
movement in fixed orthodontic patients and thereby reducing the treatment duration.
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