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Abstract
Background: Shortening orthodontic treatment duration while maintaining quality
results is a sought-after goal in orthodontics. Different techniques involving
mechanical vibrations, low dose light treatments, and biological mediators have been
used to accelerate orthodontic tooth movement and achieve the final desirable
clinical outcomes over shorter treatment periods. However, most of these techniques
remain controversial in terms of their effectiveness.
Purpose: To determine the effects of the supplementary use of low level vibratory
stimulation on canine retraction and pain perception in adolescents undergoing
full-fixed orthodontic treatment with extraction.
Material and Methods: This randomized controlled clinical trial included 21
healthy adolescent subjects aged between 12 to 17 years, who were undergoing
full-fixed Edgewise orthodontic treatment with maxillary first premolar extraction.
Subjects were randomly assigned to two different groups using GraphPad
Software: 1) Experimental group used a supplementary vibratory device
(AcceleDent Aure, OrthoAccel Technologies, Inc.) for 20 minutes every night at 7
pm; and 2) Control group only underwent full-fixed orthodontic treatment without
supplementary devices. Three-dimensional palatal landmark superimpositions were
conducted using serial maxillary digital models. The monthly rate of tooth

vi

movement (mm), the total amount of tooth movement (mm) at 3 months, and the
perceived pain level (using Visual Analogue Scale) after each activation were
recorded.
Results: The total amount of tooth movement was 1.12 mm (SD 0.22) versus 1.39
(SD 0.36) mm at 4 weeks (p=0.05), 2.59 mm (SD 0.37) versus 2.49 (SD 0.76) mm
at 8 weeks (p=0.702) and 3.54 mm (SD 0.23) versus 3.37 mm (SD 1.37) at 12 weeks
(p=0.716) in control versus experimental groups respectively. The rate of tooth
movement was 1.21 mm/month (SD 0.32) in the control and 1.12 mm/month (SD
0.20) in the experimental, the differences in means between experimental and
control groups were not statistically significant (p 0.05) at any of the three time
points. Finally, there were statistically significant changes in the level of pain over
the 7 days period following each device adjustment wasn’t statistically significant
between the two treatment groups.
Conclusion: This study found no statistical and clinical significant differences
in terms of canine retraction and pain perception between the experimental and
control groups. The supplementary use of AcceleDent to accelerate tooth
movement is not supported in this study. Future studies with larger samples are
warranted.
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LITERATRE REVIEW

2.1.

Introduction

Orthodontic treatment has a considerable benefit to the patient’s self being and
quality of life, since it creates a remarkable improvement in the patient’s smile and
appearance.
A common question among patients seeking orthodontic treatment is treatment
duration. It is generally asked to have the best results in the shortest time possible.
Thus, multiple studies were conducted to identify methods to accelerate
orthodontic tooth movement without compromising treatment results and quality.
Most of these methods work on speeding the remodeling process of the
periodontium and alveolar bone, which in turn increases the average rate of
orthodontic tooth movement per unit time and eventually result in overall treatment
efficiency.
Vibratory stimulation is becoming increasingly acceptable by patients and
providers alike because of its advantages. These include, none-invasiveness, and
ease of use. Evidence for this method however is not conclusive.
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Results from animal studies are conflicting. Nishimara et al, 2008,1 reported that
the implementation of vibrational forces of 60 Hz on the upper first molars in rats
increases the tooth displacement rate by 15%, while Kalajzic et al,2 concluded that
the tooth movement was significantly prohibited by the cyclical forces of 30 Hz
applied on the first molars of rats.
It is expected that experiments on human subjects will create more reliable results
than the animal studies due to differences in bone density and biological response
between humans and animals.3
This randomized controlled clinical trial investigated the efficacy of supplementary
vibrational forces (using AcceleDent, OrthoAccel Techonologies, Inc.) on mean
orthodontic tooth movement, and level of perceived pain during maxillary canine
retraction and space closure.
2.2. Orthodontic Tooth Movement:
Orthodontic treatment depends on the principle of bone remodeling around the
tooth when prolonged pressure is applied to it, creating an area of bone resorption
and deposition promoting tooth movement.4
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2.3. Structure and function of the periodontal ligament
The periodontal ligament (PDL) covers each dental root and separates it from the
bone of the alveolar ridge. The ligament consists of a heavy collagenous structure
with the thickness of 0.5 mm, and other major components which include cellular
elements (mesenchymal cells of various type), vascular, neural elements, and tissue
fluids.4
The fibers in the PDL are oriented from the alveolar bone to the cementum of the
root with certain inclination which will help to resist the displacement of the tooth
during the normal functions.
The mesenchymal cells will play an important role in PDL remodeling during the
normal function, since these cells can differentiate to fibroblasts and produce new
collagenous fibrous material and degrade fibroclasts the previously formed
collagen. The alveolar bone and cementum are resorbed by means of osteoclasts
and cementoclasts which completely differentiate them from the osteoblasts and
cementoblasts respectively.4
The PDL has tiny blood vessels and unmyelinated nerve endings that are
responsible for the perception of pain, pressure and position information. The PDL
space is also filled with a fluid derived from the vascular system, which serves as a
shock absorbent when heavy forces are applied or during normal function.4
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2.4. Biology of Tooth Movement
2.3.1. Theories of tooth movement
It is important to discuss the biologic control mechanisms which lead to the
response of orthodontic tooth movement after application of mechanical stimulus
(sustained force).
The two possible control methods are bioelectric and pressure-tension in the PDL
that impact the blood flow, which present the two major theories to explain
orthodontic tooth movement.4
The biologic electricity theory presents the rule of electrical signals stimulated by
light pressure against the teeth, in changing the bone metabolism and resulting in
tooth movement.
Conversely, the pressure-tension theory links tooth movement to changes in the
cellular level that a chemical messenger produces. It seems that both mechanisms
may play a role in the biologic control of tooth movement.4,5

a. Biologic Electricity:
According to this theory the movement of a tooth could be initiated by electric
signals termed piezoelectric. Piezoelectricity is a phenomenon present in different
4

crystalline materials where the deformation in the crystalline framework produces
a stream of electrical currents expressed by electrons’ movement from one part to
another inside the crystal lattice.
Organic crystals can also express piezoelectric signals, presented by collagen in the
periodontal ligament.6
The main characteristics of piezoelectric signals are:
1) the quick degradation rate after applying the force, the created piezoelectric
signal will quickly have diminished to zero even if the force is still applied at the
same level.
2) creation of an equal signal, but opposite in direction while the force is released.
The interaction between the fluid’s ions and compound electrical field when the
bone bends creates signals in the shape of volts and temperature changes.
Consequently, convection and conduction currents appear in extracellular fluids.
These observed small voltages are called “streaming potential” which is different
from piezoelectric currents, but it has the same quick onset and changes as
different stresses are placed on the bone.4,7 From the preceding, we can conclude
the importance of these stress generating signals in general repair and preservation
of the skeleton. Without these signals bone can lose its minerals, and general
skeleton could suffer from atrophy. 4,7
5

b. Pressure-Tension in Periodontal Ligament:
This classic theory depends mainly on the chemical rather than electrical signals to
stimulate the cellular differentiation and tooth movement. The mechanical pressure
and alteration in the blood flow will cause the release of these chemical
messengers.
A heavy constant pressure creates more decrease in the blood flow and compresses
the PDL to a greater degree. So, applying prolonged force to the tooth will create a
decrease in the blood flow in the compressed side, push out more fluids from the
PDL space, and subsequently moving the tooth in its socket .4
Application of this force for a few hours will create a different style of cellular
activity as a result of the shifting in the chemical environment. Animal studies
show that the constant application of force for approximately 4 hours will cause an
increase in the level of cyclic adenosine monophosphate (cAMP) which is
considered a second messenger for number of cellular activities like
differentiation.4,5
This correlates with wearing removable orthodontic appliances in humans; if these
appliances were worn less than 4 to 6 hours daily, no orthodontic effect will
appear, but teeth start to move if it is worn more than that on a daily basis.
What happens after the first hour of applying the sustained force against the tooth?
6

Different studies have shown increasing of prostaglandin and interleukin-1 in the
PDL shortly after application of force. Prostaglandins are considered as a
fundamental mediator for cell response.4 Mechanical distortion of the cells
facilitate release of prostaglandin.
At the molecular level, focal adhesion kinase (FAK) seems to be the
mechanoreceptor in PDL cells, and its compression will contribute as a cause of
PGE2 release.8
Experiments on the PDL during orthodontic tooth movement indicated increased
receptor activator level of nuclear factor-kappa ligned (RANKL) and
osteoprotegerin (OPG) in gingival cervicular fluid, and proposed that the PDL cells
promote osteoclasts formation through regulation of RANKL. RANKL is
considered to be another chemical messenger from the cytokine family. Other
regulators of cellular activity are also involved.4,8

Both osteoclasts and osteoblasts are important for orthodontic tooth movement,
since osteoclasts function to resorb bone from the area adjacent to the compression
side of the PDL, whereas osteoblasts are responsible for bone formation on the
tension side. Prostaglandin has an important function in stimulating
osteoclast/osteoblast activity, so it is considered as a mediator of tooth movement.
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With parathyroid hormone injected, the stimulation of the osteoclasts can only take
a few hours, but this response will take a longer time when it is triggered by
mechanical deformation in the periodontal ligament, which is around 48 hours
before the appearance of the first osteoclast adjacent to the compressed side of
periodontal ligament.4
Previous studies on the cellular kinetics indicated that these cells arrive in two
waves, the first one could be derived from the local cell population, whereas the
second which is considered the larger one arrived from a distant location by blood
flow. The cells are responsible for targeting the lamina dura, starting the bone
resorption process (frontal resorption), and causing tooth movement to be initiated.
Slightly later on the opposite side where the periodontal space became wider, the
locally recruited osteoblasts from progenitor cells form bone and initiate the
remodeling process.4
This process will be different when the applied forces against the tooth are strong
enough to totally block the blood vessels and stop the blood flow in the area of the
periodontal ligament. In this case a sterile necrosis area will form on the
compressed site, rather than differentiating the cells into osteoclasts.4,5,9
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This area referred to as a hyalinization zone appears as an avascular area in the
periodontal ligament. This hyalinized area is completely different from the hyaline
connective tissue.4

Figure 1. Histological slide for periodontal ligament (PDL), (a) no hyalinization at
the pressure side, (b) hyalinization at the pressure side, and (C) PDL at tension side
B: alveolar bone, and C: tooth.10
Bone remodeling next to the necrotic area of the periodontal ligament will be
initiated by cells derived from neighboring locations. There will be a significant
delay for several days in the cellular invasion of that area, since osteoclasts will
start to appear in the bone marrow spaces of adjacent locations and attack on the

9

underside surface of the bone directly next to the necrotic periodontal ligament.
This process is referred to as undermining resorption.
Clinically, when hyalinization and undermining resorption occurs, we will notice a
significant delay in tooth movement.4,5,8,9
2.5. Rate of Canine Retraction:
Several studies examined the average rate and total amount of canine movement
during orthodontic retraction.
Burrow in 2010 1 compared the rate of maxillary canine retraction in 43 patients
with upper first premolars extraction. He used 0.022- inch self-ligating brackets
(Damon3, Ormco, and Smart-Clip 3M) on the canines on the experimental side and
classic brackets (Victory Series from 3M) on the contralateral side. The retraction
of canines was performed by applying 150 g force through a medium sent-alloy
retraction spring on a 0.018-inch stainless steel archwire. They found that the
average rate of canine retraction during 28 days was 1.17 ± 0.28 mm on the classic
bracket, 0.9 ± 0.24 mm on the Damon bracket, and 1.10 ± 0.28 mm for Smart-Clip.
The author concluded that canine retraction was statistically significantly faster
with classic brackets, possibly attributed to the narrow mesio-distal width in the
self-ligature brackets, which possibly creates more friction.
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Pavlin et al.11 used 0.022 twin brackets (MBT, 3M Unitek) and retracted the
canines using 0.018-inch stainless steel archwire for a two step canine retraction,
and 0.019*0.025 stainless steel archwire for enmass retraction by applying 180 g
force through a Nickel-Titanium (Niti) spring attached to mini-implants. The study
showed that the mean rate of canine retraction was 1.16 mm/ month (95% CI:
0.86- 1.46) in the AcceleDent group, and 0.79 mm/ month (95% CI: 0.49-1.09) in
the control group, the author didn’t mention how he distributed the two steps,
canine retraction and enmass retraction between the experimental and control
groups.11
According to the previous findings,1 the average range of canine retraction during a
month period will be around 1.17± 0.28mm on the classic bracket with applying
180gm force.

2.6. Vibrational Appliances and Accelerated Orthodontic Tooth Movement:
The effects of vibrational appliances became a debatable topic among researchers
during the past decade. Current evidence on the topic is summarized in Table 1.
Kau et al.12 at the University of Alabama, conducted a randomized clinical study
on 17 patients with mean ages of 20.3 years (range 12.1-56.6 years). The aims of
their study were to measure the effects of vibrational devices (AcceleDent type 1)
11

on orthodontic treatment duration, and to evaluate patient compliance and
acceptance to using the adjunctive device. They found a significant acceleration in
the rate of teeth movement during the use of vibrational appliances with an average
tooth movement of about 2-3 mm/month (whereas they considered the
conventional normal rate of tooth movement to be about 1mm per month). They
also found high compliance with the device usage among the sample (67%).
In 2012, Miles et al.13 at University of Queensland, Australia, in collaboration with
Seton Hill University in Pennsylvania, conducted a randomized clinical trial on 66
patients, mean age 13 years (SD 2y) during 10 weeks to assess the average tooth
movement and pain level in orthodontic patients when using Tooth Masseuse,
which has a frequency of 111 Hz and a force of 0.06N= 6.1g. Using the Little’s
Irregularity Index, they reported no clinical benefits of using supplementary
vibrational devices for the early relieving of crowding or reducing pain level
during the first stage of alignment.
Shapiro et al.6 stated that since piezoelectricity is only generated when stress is
applied and released, the forces should be applied interruptedly; according to his
theory, the vibrational forces could be beneficial in initiating stress-induced
charges.
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In March 2015, Woodhouse et al.14 presented the results of his randomized clinical
trial, which was conducted on 81 patients divided into three groups (experimental,
sham devices, controls without adjunctive devices). Patients were followed during
the alignment stage of orthodontic treatment using pre-adjusted Edgewise
appliances. Woodhouse and the co-investigators measured the effects of
supplemental vibration (AcceleDent vibrational device) on the rate of tooth
alignment with fixed orthodontic appliances. The outcomes were measured
according to Little’s Irregularity Index, using 150 mm digital calipers. No evidence
found to support the theory of vibrational forces benefit in increasing the tooth rate
movement or reduce the time required to achieve the final alignment.
Later in September 2015, Xue et al.15 at the Department of Orthodontics, Fourth
Military Medical University China, presented an article reviewing the effects of
low intensity pulsed ultrasound on orthodontic tooth movement, and they
suggested that low intensity pulsed ultrasound (LIPUS) is a potentially useful tool
in clinical orthodontics and recommended more research on the subject.15
Pavlin et al.11 conducted a double blinded, prospective, randomized controlled trial
on 45 orthodontic patients divided into two set (AcceleDent group, control group),
to assess the effect of low intensity cyclical loading on the rate of canine
movement during orthodontic treatment. The patients age ranged from 12-40 years
old. The authors compared in this study two different techniques (two step canine
13

retraction and en masse retraction). They concluded that the implementation of
vibration using AcceleDent technology at 30Hz frequency and 25g force with fixed
orthodontic appliances statistically significantly increased the average rate of
orthodontic tooth displacement by 0.37 mm/month (95% CI: 0.07-0.81, P=0.05) 11.
It is important to note that the authors of this study declared financial interest (the
study was supported by a research grant from the OrthoAccel technology, Inc).
Leethanakul et al.9 In 2016 conducted a split mouth clinical study on 15 subjects
with mean ages of 22.9 years (range 19-25 years), who underwent bilateral
maxillary first premolar extraction and maxillary canine distalization by applying
60g force on the canines from the buccal and palatal sides simultaneously. They
applied a vibrational force by using an electrical tooth brush (Colgate, Motion
Multi-action) which delivered a vibration of 125 Hz on the experimental side
(application duration and frequency= 5 minutes three times a day for 2 months).
The patients were instructed to perform oral hygiene procedures with a regular
tooth brush. This study measured the production of Interleukin 1 beta (IL-1b) from
a gingival crevicular fluid analysis. They reported that the vibratory forces
promoted the secretion of IL-1b in gingival crevicular fluid and increased bone
resorption and accelerated tooth movement about 60%.
Miles et al.16 in 2016 published a randomized clinical trial on the AcceleDent
vibrators, where he included 40 Class II adolescent patients treated with fixed
14

appliances divided into two groups (control vs experimental). The primary aim was
to evaluate the tooth movement rate during the initial alignment phase by
measuring the perimeter of the arch anterior segment and Irregularity Index on
plaster models taken at the beginning, 5, 8, and 10 weeks into the treatment. The
secondary aim was evaluating pain level, discomfort and the frequency of
analgesic use. Their trial on AcceleDent devices did not show any effect on the
average movement in the anterior arch perimeter through initial alignment. Also,
the use of these devices did fail to change the level of pain or discomfort among
adolescent patients, however fewer subjects in the AcceleDent group used
analgesics at day 1 of the study.16
DiBiase et al.17 conducted a multicenter randomized clinical trial to assess the
efficacy of vibrational forces on orthodontically induced inflammatory root
resorption (OIIRR) during the orthodontic alignment. They included 81 patients
under 20 years of age, assigned into three groups (AcceleDent, sham, or control),
and the OIIRR was measured on periapical radiographs of maxillary right central
incisors taken at two time points (beginning and end of the alignment stage [201
days after]). They concluded that the vibration does not have a statistically
significant effect on the level of orthodontically induced inflammatory root
resorption in adolescent patients during the alignment phase.17
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A recent study by Miles et al. in 2018,18 reported no effect of vibrational
appliances on the rate of extraction space closure. However, this study had
multiple design flaws. The study included subjects with different extraction types
where in only some cases they did second upper premolars extraction. This creates
bias with respect to clinical differences between closing a space by first premolar
retraction rather than canine retraction. On the other hand, they used the Dontrix
gauge to measure orthodontic forces applied during retraction, reported in their
study as 150 gm. Another limitation is the patients’ follow-up intervals. They were
following the patients at varying intervals between 5-8 weeks, which is a
significant time difference and can affect the reliability of measurments.18
Recently, DiBiase et al.19 published a new multicenter study on vibrational forces
and space closure. They reported no beneficial effect of vibrational forces on
increasing the rate of space closure; however, this study was limited by the fact
that the investigators did not measure the amount of force applied on; at every time
point and they just reported the linear amount of activation. An additional
shortcoming to note, the patient compliance with the AcceleDent devices was not
reported, and the investigator did not mention if they were using the same type of
NiTi springs in all the locations.19
In terms of pain reduction, Ottoson et al.20 concluded that applying vibrational
forces at 100 Hz in different locations in the facial region and the skull reduced the
16

level of pain in 30 out of 33, included subjects who were complaining about
different types of dental pain.
Lobre et al.21 mentioned in their study, conducted on 58 patients divided between
children and adults, that the micro pulse vibrational devices significantly lowered
the pain level for overall and stimulated pain by biting during the 16 weeks study.
The cost of vibrational appliances according to the manufacturer: AcceleDent
vibrator costs around 379$/ appliance, whereas Vpro5 from Propel company is
around 450$/ appliance.
Animal studies showed that the implementation of cyclical forces concurrently
with application of orthodontic forces increases the average rate of orthodontic
tooth movement.2,22
Nishimura et al.22 found that the application of vibrational cyclical forces for 8
minutes per day at frequency of 60Hz to the maxillary first molars in Wistar rats
during 21 days increased orthodontic tooth movement rate by 15%.
Davidovich et al.23 indicated that tooth movement could be accelerated by applying
exogenous electrical currents that could be generated by applying mechanical
forces on the alveolar bone which create piezoelectric charges.
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The 30Hz frequency used in AcceleDent was based on previous studies and
clinical trials on animals and humans about the vibrational effects on skeletal bone.
Rubin et al 24 in 1992 concluded in his study on the ulnae of (4y old) turkeys, that a
higher frequency signals of 30 Hz was effective in stimulating cortical bone
increase, whereas a 1 Hz signal wasn’t.
Rubin et al 25 2003, reported in his study on six volunteer humans exposed to
different levels of frequency (Hz), that the transmissibility at the hip was reduced
to 30% by applying 25-30Hz on subjects with slightly knee bended, which allow
providing more anabolic effect into the lower part of the skeleton and the vibration
provided to the whole body of humans with frequencies up to 35 Hz can be safely
applied into the body.
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Table 1. Evidence on supplemental vibrational forces during last ten years.
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2.7. Stability of Palatal Rugae:
The palatal rugae consists of palatine ridges on both sides of the anterior palate27.
Previous studies considered palatal rugae as a unique structure for each individual,
and could be used for identification purposes.28
The consistency of the rugae’s shape during different orthodontic treatment makes
it a reliable marker for forensic identification.29 Whereas the rugae keeps the same
shape and morphology throughout life, the third palatal rugae points remain the
most constant with time. It could be considered as stable reference to evaluate the
changes during orthodontic teeth movement.28
The most reliable structure to be used as a reference for short-term follow up is the
third palatal rugae.30 The study showed more vertical changes in the first, second
rugae, and less in the third rugae in both adults and adolescents. The vertical
changes related to alteration in the vertical position of maxillary incisors.30

2.8. Reliability of 3-Dimentional Dental Model Superimposition on The
Palatal Rugae:
The posterior part of palatal rugae is the most stable reference in considering the
superimposition of 3D dental models when taken at different time points.28
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The reliability of 3-dimensional model superimposition was found to be
comparable to cephalometric superimposition in different orthodontic cases (rapid
maxillary expansion, maxillary advancement with headgear).31 32 28
Choi et al. in 2018,31 compared pre-and post-treatment cephalograms and maxillary
3D digital models for 30 patients, who treated in the orthodontics department
(Gangneung, Korea) with maxillary expansion and protraction headgear.
The 3D models were superimposed considering the palate as a stable reference.
The movement of maxillary central incisors and maxillary first molar was
measured in both cephalograms x-rays and 3D models.The measurement in both
methods showed excellent correlation in the sagittal direction (ICC, 0.956 for the
incisors, 0.941 for the first molars) and good correlation in the vertical dimension
(ICC, 0.748 for the incisors, 0.717 for the first molars).
The 3D superimposition of digital models using three palatal points is considered a
reliable method.27Pre-and post-treatment 3D digital models of 20 patients were
superimposed digitally according to 3 points in the palatal rugae and the same
group of measurements were repeated by different 3D software, the results indicate
high correlation between the measurements which indicates a good reliability and
validity of this method.
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2.9. Objectives of the study:
The aim of this study was to evaluate the effect of supplementary vibrational
appliances (AcceleDent) on orthodontic tooth movement and perceived pain.

Hypotheses:
The null hypothesis was, the use of supplementary vibrational appliances
(AcceleDent) does not increase the orthodontic tooth movement rate, and does not
reduce perceived pain.
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Effects of Vibrational Appliances on Orthodontic Tooth Movement and
Patient Discomfort

MANUSCRIPT
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3.1. Introduction
Orthodontic treatment can significantly affect the well-being and quality of
life of an individual through a significant improvement in his/her smile and
appearance.
A common question among patients seeking orthodontic treatment is
treatment duration and how it could be shortened while maintaining quality results.
Thus, multiple studies have been conducted to identify methods to accelerate
orthodontic tooth movement without compromising treatment results and quality.16
Most of these methods work on accelerating the remodeling process of the
periodontium and alveolar bone, which in turn increases the average rate of
orthodontic tooth movement per unit time and eventually results in improvement of
treatment efficiency.11
Vibratory stimulation using low-intensity pulsed ultrasound,15 is becoming
increasingly acceptable by patients and providers alike because of its many
advantages. These include, no invasiveness, and ease of use.
Vibratory stimulation studies on animals reported conflicted findings.
Nishimara et al.1 indicated that the implementation of vibrational forces of 60 Hz
on the maxillary first molars in rats will increase the rate of tooth displacement by
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15%, while Kalajzic et al.2 found that tooth movement was significantly prohibited
by the application of cyclical forces of 30 Hz on the first molars of rats.
It is expected that experiments on human subjects will produce more reliable
results than in animal studies due to the differences in bone density and biological
response between humans and animals.3
A very limited number of studies evaluated the effect of vibrational
appliances on the rate of canine retraction in the extraction cases in humans. One
of them was criticized by multiple authors for being biased with respect to conflict
of interest. 11 Moreover variable mechanics were used in the experimental group
during the retraction stage (enmass vs canine retraction) which can create
differences in the amount of movement. Another study combined different types of
extractions in their experimental group (first vs second premolar extraction).18 The
major limitation is retracting different teeth in the same sample (canine vs first
premolar) which are considered different in terms of the root shape, length, and
root surface.
Evidence on the supplementary use of vibratory devices during canine
retraction is still limited. The aim of this randomized controlled clinical trial was to
investigate the efficacy of supplementary vibrational forces applied using
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AcceleDent (OrthoAccel Technologies, Inc.) on mean orthodontic tooth
movement, level of perceived pain during canine retraction, and space closure.
3.2. Materials and Methods
This single-center randomized controlled clinical trial compared two groups
of adolescent subjects who were undergoing full fixed orthodontic treatment in the
advanced education orthodontic clinic at the University at Buffalo School of
Dental Medicine (UBSDM). Institutional Review Board approval was obtained
(IRB:00001628). Written informed consents were obtained from all patients and
their parents/guardians. The study was conducted between August 2017 and
November 2018.
Participants were randomly assigned into two groups:
1) Experimental group: received pre-adjusted edgewise fixed appliances
(0.022-inch slot Victory series, 3M) with adjunctive daily use of AcceleDent
vibrational devices (OrthoAccel Technologies Inc. Bellaire, Texas) for 20
minutes.
2) Control group: received pre-adjusted edgewise fixed appliances (Victory
series, 3M) with no supplementary devices.
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Inclusion Criteria:
The following inclusion criteria were applied:
- Adolescent females and males aged between 12-17 years old, undergoing
comprehensive orthodontic treatment with fixed multi-bracket appliances on
both arches.
- Case to be treated with unilateral or bilateral maxillary premolar extraction,
and an available space of at least 3mm after extraction.
- Good general health according to the participants’ health records.
- Full permanent dentition except for third molars.
- Good oral health defined as healthy teeth without any active caries or
untreated lesions, determined during the intraoral examination at the initial
time point of the study (T0; baseline).
- Healthy periodontal tissue as described by the Modified Gingival Index
grades 0 or 1, recorded for every patient before starting the canine retraction.
- Normal pulp vitality of the teeth undergoing retraction force during the study
period.
- Good ability to understand and sign the informed consent form.
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Exclusion Criteria:
- Moderate to severe root resorption during orthodontic treatment.
- Active periodontal disease.
- Significant systemic condition.
- Use of any medication that may affect the outcome of the study
(Bisphosphonate, NSAID’s, Calcitonin, or Corticosteroids).
- Female pregnancy.

Sample size:
The power analysis was based on Burrow et al’s study,1 where he reported a mean
tooth movement per 28 days for the conventional bracket (Victory series, 3M)
0.022-inch, over a 0.018 stainless steel archwire as 1.17 mm (SD 0.28).
To achieve a power level of 80%, significance level of 0.05, it was recommended
that 40 subjects be included in the study.
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Follow-up visits were defined as follows:
Generally, the follow-up interval for orthodontic patients at the Advanced
Education orthodontic clinic is every 4-6 weeks. Thus, subjects in this trial were
seen every 4-weeks for their adjustments.
The total study duration was 8-12 weeks (a total of 2-3 visits) from baseline (T0).
The follow-up time points were defined as:
• T0= Baseline; First 3D scan; the day of Ni-Ti coil spring delivery and initial
canine retraction
• T1= Second 3D scan; 4 weeks after initial canine retraction
• T2= Third 3D scan; 8 weeks after initial canine retraction
•

T3= Fourth 3D scan; 12 weeks after initial canine retraction

Study outcomes:
1. Monthly rate of tooth movement (mm):
Superimpositions and measurements of canine movement were conducted on
serial maxillary digital three-dimensional (3D) models using OrthoAnalyzer
software (3shape Ortho Software System, Copenhagen, Denmark). The tip of
the canine cusp was selected as the anterior reference point and was evaluated
at the different stages of retraction. To measure the rate of retraction per
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month, three different points (coordinates) on the third rugae were used for
superimposition, and movement was measured between the canines’ cusp tips
on the digital models.

2. Total amount of tooth movement (mm):
The full amount of tooth displacement was measured between the first and
last time points in the two groups.

3. Level of perceived pain:
Level of pain was measured using a visual analogue scale (VAS) from 1-10,
created by McCaffery M, Pasero C.33 Patients in experimental group were
asked to report the levels of perceived pain one hour after using the devices at
7pm, on the day of the activation, and every day at the same time for a period
of one week. The same protocol was applied for the control group.

Study Procedures:
This trial included subjects who were scheduled to receive orthodontic
extraction as part of their orthodontic treatment to correct various types of
malocclusion. The general protocol for patients in the advanced education
orthodontic clinic is as follows: new patients schedule appointments for
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orthodontic screening and are assigned to a treating resident. Once screening is
complete, the patients are given another appointment for initial records in which
the resident obtains all records pertaining to the case.
A diagnosis and a treatment plan are devised based on the findings in the
records and the patient’s chief complaint. The treatment plan is discussed and
approved by the supervising faculty. Plans may or may not involve tooth
extraction.
When the treatment plan of any of these subjects included upper bilateral or
unilateral first premolar extraction procedures, he or she became a potential subject
to be included in the study, and the primary investigator (K.T.) was informed by
the treating resident. The investigator determined patient eligibility based on the
previous inclusion/exclusion criteria.
The investigator then invited the patients and their parents/guardians to take
part in the study after explaining all study procedures, risks, and benefits.
The investigator also explained to them that this study would not interfere
with their plan of treatment at any level, and that they would only receive a
vibrator device supplementary to the current conventional treatment according to
their group assignment.
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The device used in this study is Food and Drug Administration (FDA) approved
(AccelDent aura technology, Texas), and has been used for many years, Figure 2.

Figure 2. AcceleDent Aura device.
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Parents/guardians and subjects were allowed enough time to review, ask questions,
and sign the consent forms.
Those who agreed to participate in the study were informed that
participation was 100% voluntary and they have the right to leave the study at any
time.
Using a simple randomization method, the subjects were then randomly assigned
on a first come first serve basis into two groups, A (control) and B (experimental)
using GraphPad software (GraphPad, CA, USA). Group B (experimental) received
an AcceleDent device to be used in conjunction with their standard treatment. Group
A (control) did not receive any additional devices.
Objective (three-dimensional [3D] intraoral scans) and subjective (pain scores
on visual analog scale VAS) data were collected at each visit. The 3D intraoral
scans were taken 3 times at 4-week intervals or a minimum 2 times at 4-week
intervals according to each patient’s planed treatment.
Subjects in both groups were provided with pain report forms with a scale of
0-10 (VAS scale) which they used to report their pain daily at around 8pm, starting
on the first day of canine retraction and for seven days thereafter.
The treating resident started treatment by banding and bonding all teeth in the
upper or both arches using 0.022-inch slot edgewise 3M victory series pre-coated
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brackets (Monrovia, CA, USA); McLaughlin, Bennet, and Trevisi (MBT)
prescription, following the standard treatment protocol used at the Advanced
Education orthodontic clinic at UBSDM. Once the treating resident prepared the
case for upper unilateral or bilateral premolar extraction (by leveling and aligning
the teeth and/or setting up anchorage methods), they referred the subjects for
extraction to fulfill their treatment objectives. All patients in the orthodontic clinic
are treated under faculty supervision.
Within 1-2 weeks after extraction, the patients were seen by the treating
resident and the principle investigator to start the canine retraction process.
Delivery of canine retraction springs, activations, data collection, and
measurements were all conducted by the principal investigator.
To minimize bias, the mechanics for canine retraction were standardized for
all patients and were applied by the principal investigator (K.T). They involved the
following: orthodontic bands on the upper first molars and brackets on their upper
canines and second premolars with 0.018-inch stainless steel round wires (ORMCO
orthodontic wires) and Dentos Nickel Titanium closed coil spring (Dentos, Daegu,
Korea) attached from the hook on the bands of upper molars to the hook on the
bracket of the canine. The coil springs were activated to deliver 180g of force
measured by a Correx gauge (Haag-Streit, Bern, Switzerland) to start retracting the
canines (following standard of care). Both canines in bilateral extraction cases were
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retracted by the same method, See Figures 3 and 4. The same mechanics were
applied to both experimental and control groups as per plan of treatment.

Figure 3. Right and left buccal views of active Dentos Ni-Ti coil spring to retract
the upper canines using 180 gm of force (we were tracking the left canine in this
case).

Figure 4. Occlusal view of active Dentos Ni-Ti coil spring during the canine
retraction phase.
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Tooth movement measurements:
To measure the rate and amount of canine retraction, the principal
investigator scanned the upper arch with a 3D intraoral scanner (i-Tero Element II,
Intraoral scan, Align Technology, Inc, San Jose, California USA) for 5 minutes
directly after the treating resident finished their adjustment except for the retraction
site included in the trial. The principal investigator applied the coil spring to the
canine and secured it with a stainless steel single tie 0.010-inch as per standard of
care, Figure 5.

Figure 5. The iTero element II 3D scanner used during the study.
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The scanning procedure began with scanning the upper left quadrant from
the most posterior molar to the middle of the upper arch occlusal, buccal, and
lingual faces and then the upper right quadrant by starting from the most posterior
tooth to the upper central incisors, as well as the occlusal, buccal, and lingual
surfaces. The palate was scanned to cover all its surfaces toward the second
premolars including all the rugae. The lower arch was not scanned so as to reduce
scanning time and because the study was performed on the upper arch.
Subjects in group B (experimental), in addition to their conventional care,
received an AcceleDent vibrator (the intervention in this trial), inserted in the mouth
for 20 minutes every night around 7pm by biting on the silicone mouthpiece and
turning on the device. Patients and parents were informed how to use these
vibrational devices, and the patients were trained on how to insert the silicone bite
and turn the device on and off. They were each given the silicone bite that fits their
teeth/arch well around the braces. No other auxiliary devices were used during the
study period.
Subjects in group B were also instructed on how to charge the device, and to
keep it charged at all times. They were also informed to keep biting on the device
during the 20 minutes after turning it on.
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The AcceleDent device delivers micropulses at 30 Hertz (Hz) which is
around 8 times less than an electrical toothbrush, and 200 times less force than
ordinary chewing since the force excreted is around 25g according to the
OrthoAccel website.34
Subjects in the AcceleDent group were also informed to bring their
AcceleDent devices at each appointment where the Principle investigator
downloaded the daily usage data of the appliances on a computer excel sheet.
The control group did not receive a supplementary device and the regular
canine retraction phase was continued as indicated in their plan of treatment.
Compliance data were collected at each time point by downloading the
devices’ tracking information, and the total compliance average for the
experimental group was calculated at the end of the study.
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Figure 6. Log sheet to record levels of perceived pain

At each visit, the principal investigator checked the canine retraction force
system, activated the springs as needed (standard care), then scanned the upper
dental arches.
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The pain report forms were collected and the data from the vibrator devices
were transferred to track the use of the vibrators and patients’ compliance in the
experimental group. The control group only went through the scan procedure and
completed the pain report.
The principal investigator reported the rate of canine movement, the total amount
of canine movement, and collected all the associated pain data from the patients.

3D Superimposition Procedure:
The scanned 3D models of the study were exported in STL format and then
de-identified. Each STL file was assigned a blind identifier generated randomly for
both groups (experimental, control). These files were repaired by a digital technical
specialist in Great Lakes Orthodontic lab to make it 100% compatible with
OrthoAnalyzer software, and then were imported to OrthoAnalyzer (3 Shape,
Copenhagen, Denmark) for 3D superimposition and measurements.
The principal investigator was trained for three sessions on how to use
OrthoAnalyzer by a Digital Technical Specialist from Great Lakes Orthodontics
(GLO), and was trained on executing the superimposition procedure on the
software.
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A virtual occlusal plane was created for each set of models, to orient the 3D
cast in the same direction; every time the OrthoAnalyzer software was used,
mainly parallel to the screen surface where incisors toward the top, and molars
toward the bottom.
This plane was created by defining the most occlusal points on the mesiolingual cusp of both upper first molars and one of the anterior central incisors.

Figure 7. An occlusal plane was created for each subject’s set of 3D models.
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The principal investigator started by marking three coordinates on the third
palatal rugae in the T0 model and each follow-up model.
The three points on the third palatal rugae were picked in the same location
in both 3D models after magnifying the casts to 200%, in order to make the point
selection as accurate as possible.
The sequence of points’ selection started systematically from upper left quadrant to
the right one on the cast. Each point was selected on the first cast, the same
corresponding point was selected on the second cast.

Figure 8. The first points were selected at the exact same position in the 4-week
interval 3D models after cast magnification to 200%.
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Figure 9. The 3 points were selected at the exact same position in the 4-week
interval 3D models

Figure 10. View of the selected 3 points on the third palatal rugae before initiation
of the 3D superimposition procedure
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When the points were confirmed, the superimposition procedure was
initiated by using “dual view both sides on the same window” in the
superimposition tool to visualize the superimposed models.
At this point, the horizontal grid from the measuring tool was used, directed
to be parallel to the screen surface and the defined occlusal plane of the first model
in the set.
The measuring tool was activated and the most prominent point on the tip of
the observed canine was specified on the two superimposed 3D models to measure
the amount of movement in millimeters.

Reliability testing:
The intra-rater reliability was conducted by repeating the same
measurements for ten subjects (5 control, 5 experimental) at one week interval by
the PI.
The inter-rater reliability was measured by repeating the same measurements
of ten subjects by a Great Lakes Orthodontics’ digital specialist.
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Figure 11. The superimposed models according to the third palatal rugae, the
measured space between the tip of the canine at 4-week interval. The points
selected with 200% magnification for more accuracy.

Statistical Analysis
The data of 21 subjects were measured by OrthoAnalyzer Software after
conducting the superimposition of the subject’s 3D models at three different time
points. This information was uploaded into Microsoft Excel Software and
transferred to IBM SPSS software compatible with Windows (version 23.0
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Armonk, NY: IBM Corp). Interclass Correlation Coefficients were calculated for
Inter-Examiner and Intra-Examiner measurements of the 3D models for the
experimental and control group.
Descriptive Statistic was run to evaluate the differences of scores: mean, median,
female, male, left, right, and standard deviation. Two Independent samples t-test
was used to evaluate the differences in mean between the control and experimental
group, significant p value of 0.05 was used during these tests.
Paired sample t-test was conducted to analyze the decrease in the compliance rate
and two independent samples t-test was used to evaluate the difference in the level
of pain at three time points.

3.3.

Results:

Sample characteristics
A CONSORT diagram shows the flow of the subject during the trial (Figure 12).
Subjects participated in the trial between September 2017 and August 2018.
Eleven and ten subjects were assigned to the control and experimental group
respectively. Of the randomized sample, 14 were females and 7 were males, with
an overall mean age of 15.48 years (SD 1.53).

50

Table (1) shows the number of participants in each group. The groups were almost
similar in age, and had the same number of females and males except one more
male in the control group. The females showed a percentage of 63.63% in the
control group and 70% in the experimental group. The mean age in the control
group 15.09y (SD 15.09) and in the control group 15.9 (SD 15.9).
There is no significant difference in the mean age between the groups.

Intra-examiner Reliability
The intra-rater reliability was high for the repeated linear measurements between
the first and second time points of canine retraction, the ICC= 0.990 (95%
confidence interval of 0.382 to 0.974) and was statistically significantly different
from zero (p£ 0.002).
Inter-examiner Reliability
A very good inter-rater reliability and very good level of agreement for the
repeated measurement between the two examiners was found. The ICC=0.800
(95% confidence interval of 0.382 to 0.946) and was statistically significantly
different from zero (p£ 0.002).
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Total amount of tooth movement
The total amount of tooth movement of 1.122mm (SD 0.224) at T1, 2.592mm (SD
0.379) at T2, and 3.542 mm (SD 0.237) at T3 in the control (Table 2). In the
experimental group the total amount of tooth movement are 1.390mm (SD 0.361)
at T1, 2.490 (SD 0.760) at T2, and 3.370mm (SD 1.378).
Using Mann-Whitney analysis, the P-values were 0.131, 0.968, and 0.606 at T1,
T2 and T3 respectively indicating non-significant difference (Table 3). Table 6
presents the tooth movement by side at each time point in the control group, on the
left side the amount of tooth movement was 1.074mm (SD 0.100), 2.366mm (SD
0.218), 3.435mm (SD 0.077) at T1, T2, T3 respectively, whereas on the right side
1.163mm (SD 0.297), 2.781mm (SD 0.394), 3.628mm (SD 0.295) at T1, T2, and
T3 respectively. No significant differences between treatment sides were found
(Mann-Whitney analysis; p-values: 0.931 at T1, 0.082 at T2, and 0.413 at T3.
(Table 4).
In the experimental group the amount of tooth movement reported was 1.700mm
(SD 0.253), 3.003mm (SD 0.537), and 4.360mm (SD 0.777) at T1, T2, and T3
respectively on the left side. On the right side 1.142mm (SD 0.199) at T1,
2.182mm (SD 0.743) at T2, and 2.974mm (SD 1.418) at T3 (Table 7).
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Mann-Whitney analysis reported 0.016 at T1, 0.143 at T2, and 0.381 at T3. (Table
5) indicating no significant difference between R and L in the experimental group.
Rate of tooth movement
Figure 14 shows a tooth movement rate of 1.211mm/month (SD 0.32) in the
control group and 1.129mm/month (SD 0.20) in the experimental group.
Level of pain:
Pain was reported in a slightly higher magnitude in the experimental group on the
first day after the first adjustment, on the second day the pain was similar in both
groups, and then from day 3 the pain started to stay higher in the experimental until
day 6 where it started to move down to end up almost at the same level in both
group. Less pain was reported in the control group later on (Figure 15).
After the second activation, the experimental group started with slightly more pain
at the day 1, and the control group reported significantly lower pain from day 2
until day 5. At day 6 boths group reported the same level of pain, and finally at day
7 the experimental group showed slightly less pain (Figure 16).
At the first day after last activation the experimental group reported significantly
higher pain until the day 5, and at day 6 the pain in the experimental was slightly
higher to end up at same level of pain in both group at day 7 (Figure 17).
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Compliance
The compliance rate with the AcceleDent devices was 56.3% in this study, which
was calculated by analyzing all the collected data from the AcceleDent devices at
the end of the study.
Correlation Between Compliance Rate and Tooth Movement
Pearson correlation analysis between compliance rate and tooth movement at each
time point was reported in the Table 8. The correlation was not statistically
significant.
Adverse Events
No significant adverse events were reported during the study.

3.4.

Discussion

Orthodontic practitioners are always on search for new methods to decrease the
orthodontic treatment duration and make it more acceptable experience for patients
while providing the highest quality of care, and avoiding side effects on the teeth
and periodontium.
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With all this excitement, orthodontists should always consider the scientific
evidence before adopting any new techniques or appliances in their practices.
Orthodontists have to review thoroughly the previous studies about these new
techniques considering many vital points as the quality of study design, potential
for bias, and whether these studies have a conflict of interest among other factors.
This clinical trial was designed to eliminate bias that could affect the
primary outcomes as closely as possible, either before or after the canine retraction
process and during the data collection and analysis.
The patients' age was selected between 12 to 17 years old to minimize the
difference in the rate of tooth movement between growing and non-growing
patients as reported in previous studies, a higher rate of tooth movement was
detected in younger patients 35,36. Patients who were using systemic medication or
under medical treatments were excluded from this study to avoid any medical
effect on the orthodontic tooth movement as it has been shown that systemic
medications can affect the rate of dental movement.37
Fortunately, the sample in this trial included a similar number of males and
females in both groups. Previous studies on human concluded that no significant
differences exist in the tooth movement average between males and females.35,38
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In this clinical trial, it was considered to keep the first activation within the
limit of one to two weeks after extraction to benefit from the regional acceleratory
phenomena (RAP),39 and minimize the discrepancy in the timing of retraction force
application among the subjects.
All occlusal interferences on the upper canines were checked at each
appointment and before the first activation to avoid any delay of movement due to
these interferences.
This study reported an average monthly tooth movement per of 1.21mm (SD
0.32) in the control group and 1.12mm (SD 0.20) in the experimental (AcceleDent)
group, using 0.022-in brackets (victory series-3m Unitek) with 0.018-in stainless
steel arch-wires. The total and average monthly tooth movement rates were not
statistically significant in this study; therefore, the null hypothesis of no difference
was accepted.
Similar to this study, Miles et al.18 assessed the space closure rate in
premolar extraction site with AcceleDent and reported a rate of 1.35mm/m (SD
0.55) on the right side, 1.22mm/m (SD 0.48) on the left side.
In this study, the follow up appointments were kept at the same interval of 4 weeks
throughout the study period for consistency. The recall protocol in Miles et al’s
experiment was between 5 to 8 weeks which may have produced inconsistent time
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gap between activations; also, they activated the NiTi coil spring between 6-9 mm
as needed without presenting their specific protocol in terms of timing and amount
of force activation.
In this study, the activation protocol was standardized throughout the study
period by measuring the applied force to be around 180 gm at the first activation
and not less than 160 gm during the next appointment. On the third appointment,
the NiTi Spring was reactivated to continue to deliver 180gm of force.

Another study conducted in 2015 by Pavlin et al.11 reported 1.16mm/m (95%
CI: 0.86-1.46) and considered it as a significantly higher monthly rate of
movement due to AcceleDent effect, in comparison to 0.79mm/m (95% CI: 0.491.09) measured in the control group.
These numbers contradict significantly with Burrow et al.’s study.1 on the
rate of canine retraction using conventional brackets. They found an average
canine movement of 1.17mm (SD 0.28) per 28 days using 150gm of force applied
with a NiTi spring without any additional or vibratory appliances.
This finding went along with ours at the level of the control group, since we
reported 1.21mm/m (SD 0.32) under 180gm of force using the same size of
stainless steel wires in the same slot size.
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However, the same authors,11 reported the use of different methods of canine
retraction (two-step canine retraction and enmass retraction), which increases the
doubt about the reliability of their findings, adding to that a declared financial
support from OrthoAccele company.
To achieve a bodily canine movement, the force must be applied through the
center of resistance. In this study, the force was applied on the canine bracket's
hook to make the point of force application closer to the center of resistance.
However, there is still 0.004-inch play between the wire 0.018-inch and the bracket
0.022-inch which translates into around 10 degrees of tipping,1 after this tipping,
the bodily movement starts, and this can partly explain the higher amount of tooth
movement at the first month.
To avoid any canine rotation, the canine was engaged to the wires with a
0.010-inch steel tie before applying the retraction force.
Also, the same bracket design (Victory Series, 3M) was used for canines,
thus they all have a similar width of 3.81mm throughout the sample1, and the same
amount of tipping will happen in all the canines before starting the sliding
movement on the 0.018-inch arch-wire, therefore all the canines will follow the
same type of movement throughout the study.
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The use of 3D scans, and 3D models’ superimposition improved precision in
this study. Previous studies measured the canine movement either by a regular
ruler inside the mouth of the patient or on regular cast models which may have
affected their measurement.

Self-reported pain scores in this study were fluctuating across groups. Lobre
et al. 21 in their randomized clinical trial, reported a significantly lower pain score
during the four months study period in the AcceleDent group (29 patients).
The patients in the experimental group were using the vibratory device for
20 minutes daily, and a visual analog scale was used to report the level of pain at
1h after the AcceleDent use, for every day during one week after activation, then
one time weekly for 16 weeks. That allows for a possible discrepancy in the timing
of pain report during the next weeks; the author also observed a higher perceived
pain after the orthodontic appliance adjustment.
The level of pain was significantly lower at each time-point in the
experimental group until the end of the study.21On the other hand, in this study, the
pain started at a higher level in general in both groups. We were more specific at
the timing of the pain report by tracking it during the first week after activation, at
each time points (T1, T2, T3). The pain behaves the same level in both groups at
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the end of each week after activation during the study. According to the findings in
this study, the pain slopes was negative indicating decrease of pain over the time,
there was no statistically significant difference in the level of pain in between the
groups at each time point.
Kau et al.12 reported a compliance rate of 67% by tracking the AcceleDent
devices in 14 subjects for six months without reporting their age. However, Miles
et al in their study,16 detected a median compliance rate of 79% during ten weeks
follow up in the experimental group of 20 subjects with mean age 12.8y (SD 1.30).
The Pearson coefficient correlation between the tooth movement rate and
compliance at each time point, was very weak and was not statistically significant
(p> 0.05).
This study detected a compliance rate of 56.3% in the experimental among
the10 patients with mean age 15.91y (SD 1.28), This lower than previous studies,
A possible explanation could be that the AcceleDent devices were provided free of
charge. The compliance decreased over time for each patient, the decrease in
average compliance between the time points (T1, T2) and (T2, T3) was statistically
significant decreased based on paired samples t-test (p 0.003), (p 0.017)
respectively.
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No significant adverse events were reported during the use of the
AcceleDent devices in our studies, which corresponds with the findings reported in
previous studies.13,17,19 The post-hoc power analysis for this study is as follow
0.484, 0.066, and 0.064 at T1, T2, and T3 respectively.
Limitations
This study was confronted with various limitations. The sample in this study
was small. The sample size calculation indicated that 20 subjects needed to be
included per group. However, the number of subjects recruited was 21, including
11 in the control group and 10 in the experimental group with respect to extraction
cases availability in the advanced orthodontics clinic meeting the age criterion. A
larger sample size would be more appropriate and provide a more significant
result.
The simple randomization method in this study with small sample size is
easy to implement in a clinical research,40 but will add more risk of bias. However
according to previous studies; simple randomization methods are acceptable in
small to moderate clinical studies without covariates.41It was hard to blind the
principal investigator to the group allocation due to the standardization of applied
forces in each subject, also blinding of the subjects was not possible due to the lack
of sham devices. This study did not measure the inflammation markers, which is
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considered the best method to evaluate the inflammatory reaction induced by the
vibration which will increase the osteoclastogenesis activity.
Future directions:
It is recommended to include larger samples in future studies. Using a more
developed tracking method in AcceleDent devices is also highly recommended, for
example adding a sensor to help turning on the device automatically when it is
inside the patients’ mouth, this technology is already available in other accelerator
devices like OrthoPulse, and adding the timing of device usage into the tracking
system.

3.5 Conclusions
There was no clinically or statistically significant difference between the
experimental and control groups regarding the rate of canine retraction or
perceived pain. The additional use of AccelaDent to accelerate tooth movement is
not supported in this study.
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Appendix
Figure 12. (CONSORT DIAGRAM)
Assessed for Eligibility (n=28)

Excluded (n=6)
-Refused to participate (n=2)
-Inclusion criteria not met (n=4)

Allocation

Randomized (n=22)

Allocated to AcceleDent Group (n=11)

Follow-up

Lost to follow-up (n=1)

aAllocated to Control Group (n=11)

Lost to follow-up (n=0)

Battery dead after 3 weeks
T0= 1st before retraction

T0= 1st before retraction
T1= 2nd scan after 4 weeks

Analysis

T1= 2nd scan after 4 weeks

Analyzed (n=10)

Analyzed (n=11)
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Table 1. Demographic
Group

N

Mean

Std. Deviation

Median

Min

Max

female

Male

Left

Right

Control

11

15.09

1.700

15.00

12

17

7

4

5

6

Experimental

10

15.90

1.287

16.00

14

17

7

3

4

6

Total

21

15.48

1.537

16.00

12

17

14

7

9

12

Table 2. Total amount of tooth movement

T1

T2

T3

Group

N

Mean

SD

SEM

p value

Control

11

1.1227

0.22446

0.06768

0.058

Experimental

9

1.3900

0.36139

0.12046

Control

11

2.5927

0.37926

0.11435

Experimental

8

2.4900

0.76083

0.26899

Control

9

3.5422

0.23726

0.07909

Experimental

7

3.3700

1.37845

0.52101

0.702

0.716
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Table 3. Rate of tooth movement
T1

T2

T3

Mann-Whitney U

29.500

43.000

26.000

Asymp. Sig. (2-tailed)

0.128

0.934

0.560

Exact Sig. [2*(1-tailed Sig.)]

0.131

0.968

0.606

Table 4. (Control)
T1

T2

T3

Mann-Whitney U

14.500

5.000

6.000

Asymp. Sig (2-tailed)

0.927

0.068

0.327

Exact Sig. [2*(1-tailed

0.931

0.082

0.413

Sig.)]
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Table 5. (Experimental)
T1

T2

T3

Mann-Whitney U

0.000

2.000

2.000

Asymp. Sig (2-tailed)

0.014

0.101

0.245

Exact Sig. [2*(1-tailed

0.016

0.143

0.381

Sig.)]

Table 6. (Control)
Control

Side

N

Mean

Std. Deviation

T1

Left

5

1.0740

0.10065

Right

6

1.1633

0.29716

Total

11

1.1227

0.22446

Left

5

2.3660

0.21801

Right

6

2.7817

0.39423

Total

11

2.5927

0.37926

Left

4

3.4350

0.07724

Right

5

3.6280

0.29567

Total

9

3.5422

0.23726

T2

T3
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Table 7. (Experimental)
Experimental

Side

N

Mean

Std. Deviation

T1

Left

4

1.7000

0.25364

Right

5

1.1420

0.19992

Total

9

1.3900

0.36139

Left

3

3.0033

0.53780

Right

5

2.1820

0.74308

Total

8

2.4900

0.76083

Left

2

4.3600

0.77782

Right

5

2.9740

1.41876

Total

7

3.3700

1.37845

T2

T3

Table 8. Correlation between tooth movement and canine retraction
Tooth movement/ Compliance

N

R

p-value

Tooth movement at Time 1 vs Compliance at Time 1

9

0.165

0.672

Tooth movement at Time 2 vs Compliance at Time 2

8

-0.095

0.822

Tooth movement at Time 3 vs Compliance at Time 3

7

0.118

0.801

*Pearson Correlation
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Table 9. Compliance
Subject

Compliance T1

Compliance T2

Compliance T3

Experi5

100.0%

102.0%

14.0%

Experi9

98.1%

97.1%

83.8%

Experi7

85.6%

60.5%

33.8%

Experi6

80.5%

67.3%

35.2%

Experi8

73.0%

42.0%

20.0%

Experi1

69.3%

52.0%

40.7%

Experi10

60.0%

35.0%

25.0%

Experi4

56.1%

31.4%

26.5%

Experi2

54.7%

49.1%

40.2%

Experi3

42.5%

38.2%

30.3%

Mean

71.98%

57.46%

34.95%
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Total amount of tooth movement (mm) at each time
point
MM

5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

3.54
2.59

3.37

2.49

1.39

1.12
Time 1

Time 2

statistically significant
diffiernce

Control

Time 3

Time

Experimental

Figure 13. Total amount of tooth movement at each time point

MM

Average of Tooth Movement

4.5
4
3.5
3
2.5
2
1.5
1

1.211mm/m (SD 0.32)

1.129mm/m (SD 0.20)

0.5
0
0.5

1

1.5

2
Control

2.5

3

3.5
Time Point

Experimental

Figure 14. Average of tooth movement per month
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Pain 1
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
-1.0

0

1

2

3

4
Control

5
Experimental

6

7

8

Figure 15. Reported level of pain during the first 7 days after the first activation
Pain 2
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
-1.0

0

1

2

3

4
Control

5
Experimental

6

7

8

Figure 16. Reported level of pain during the first 7 days after the second activation
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Pain 3
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
-1.0

0

1

2

3

4
Control

5
Experimental

6

7

8

Figure 17. Reported level of pain during the first 7 days after the third activation

71

References
1. Burrow SJ. Canine retraction rate with self-ligating brackets vs conventional edgewise
brackets. Angle Orthodontist 2010;80:626-633.
2. Kalajzic Z, Peluso EB, Utreja A, Dyment N, Nihara J, Xu M et al. Effect of cyclical forces on
the periodontal ligament and alveolar bone remodeling during orthodontic tooth movement.
Angle Orthodontist 2014;84:297-303.
3. Shanks N, Greek R, Greek J. Are animal models predictive for humans? Philosophy, Ethics,
and Humanities in Medicine 2009;4:2-2.
4. Proffit WR. Contemporary orthodontics. St. Louis, Mo.: Elsevier/Mosby; 2013.
5. Lindauer SJ, Denis Britto A. Biological response to biomechanical signals:Orthodontic
mechanics to control tooth movement. Seminars in Orthodontics 2000;6:145-154.
6. Shapiro E, Roeber FW, Klempner LS. Orthodontic Movemnt Using Pulsating Force-Induced
Piezoelectricity. AJODO 1979;76:59-66.
7. H K, K S. Orthodontic tooth movement and bioelectricity. Indian Journal of Dental Research
2001;12:212-221.
8. Tsuge A, Noda K, Nakamura Y. Early tissue reaction in the tension zone of PDL during
orthodontic tooth movement. Archives of Oral Biology 2016;65:17-25.
9. Leethanakul C, Suamphan S, Jitpukdeebodintra S, Thongudomporn U, Charoemratrote C.
Vibratory stimulation increases interleukin-1 beta secretion during orthodontic tooth movement.
Angle Orthodontist 2016;86:74-80.
10. Jonsdottir SH, Giesen EBW, Maltha JC. The biomechanical behaviour of the hyalinized
periodontal ligament in dogs during experimental orthodontic tooth movement. European Journal
of Orthodontics 2012;34:542-546.
11. Pavlin D, Anthony R, Raj V, Gakunga PT. Cyclic loading (vibration) accelerates tooth
movement in orthodontic patients: A double-blind, randomized controlled trial. Seminars in
Orthodontics 2015;21:187-194.
12. Kau CH, Nguyen, J. T., & English, J. D. . The clinical evaluation of a novel cyclical force
generating device in orthodontics. Orthodontic Practice US 2010;1.

72

13. Miles P, Smith H, Weyant R, Rinchuse DJ. The effects of a vibrational appliance on tooth
movement and patient discomfort: a prospective randomised clinical trial. Australian orthodontic
journal 2012;28:213-218.
14. Woodhouse NR, DiBiase AT, Johnson N, Slipper C, Grant J, Alsaleh M et al. Supplemental
Vibrational Force During Orthodontic Alignment: A Randomized Trial. Journal of Dental
Research 2015;94:682-689.
15. Xue H, Zheng J, Yuching Chou M, Zhou H, Duan Y. The effects of low-intensity pulsed
ultrasound on the rate of orthodontic tooth movement. Seminars in Orthodontics 2015;21:219223.
16. Miles P, Fisher E. Assessment of the changes in arch perimeter and irregularity in the
mandibular arch during initial alignment with the AcceleDent Aura appliance vs no appliance in
adolescents: A single-blind randomized clinical trial. American Journal of Orthodontics and
Dentofacial Orthopedics 2016;150:928-936.
17. DiBiase AT, Woodhouse NR, Papageorgiou SN, Johnson N, Slipper C, Grant J et al. Effect
of supplemental vibrational force on orthodontically induced inflammatory root resorption: A
multicenter randomized clinical trial. American Journal of Orthodontics and Dentofacial
Orthopedics 2016;150:918-927.
18. Miles P, Fisher E, Pandis N. Assessment of the rate of premolar extraction space closure in
the maxillary arch with the AcceleDent Aura appliance vs no appliance in adolescents: A singleblind randomized clinical trial. American Journal of Orthodontics & Dentofacial Orthopedics
2018;153:8-14.
19. DiBiase AT, Woodhouse NR, Papageorgiou SN, Johnson N, Slipper C, Grant J et al. Effects
of supplemental vibrational force on space closure, treatment duration, and occlusal outcome: A
multicenter randomized clinical trial. American Journal of Orthodontics & Dentofacial
Orthopedics 2018;153:469-480.e464.
20. Ottoson D, Ottoson D, Ekblom A, Ekblom A, Hansson P, Hansson P. Vibratory stimulation
for the relief of pain of dental origin. Pain 1981;10:37-45.
21. Lobre WD, Callegari BJ, Gardner G, Marsh CM, Bush AC, Dunn WJ. Pain control in
orthodontics using a micropulse vibration device: A randomized clinical trial. Angle Orthod
2016;86:625-630.

73

22. Nishimura M, Chiba M, Ohashi T, Sato M, Shimizu Y, Igarashi K et al. Periodontal tissue
activation by vibration: Intermittent stimulation by resonance vibration accelerates experimental
tooth movement in rats. American Journal of Orthodontics and Dentofacial Orthopedics
2008;133:572-583.
23. Davidovitch Z, Finkelson MD, Steigman S, Shanfeld JL, Montgomery PC, Korostoff E.
Electric currents, bone remodeling, and orthodontic tooth movement. II. Increase in rate of tooth
movement and periodontal cyclic nucleotide levels by combined force and electric current.
American Journal of Orthodontics 1980;77:33-47.
24. Rubin CT, Bain SD, McLeod KJ. Suppression of the osteogenic response in the aging
skeleton. Calcified Tissue International 1992;50:306-313.
25. Rubin C, Pope M, Fritton JC, Magnusson M, Hansson T, McLeod K. Transmissibility of 15Hertz to 35-Hertz Vibrations to the Human Hip and Lumbar Spine: Determining the Physiologic
Feasibility of Delivering Low-Level Anabolic Mechanical Stimuli to Skeletal Regions at
Greatest Risk of Fracture because of Osteoporosis. Spine 2003;28:2621-2627.
26. Woodhouse NR, DiBiase AT, Johnson N, Slipper C, Grant J, Alsaleh M et al. Supplemental
vibrational force during orthodontic alignment: a randomized trial. J Dent Res 2015;94:682-689.
27. Talaat S, Kaboudan A, Bourauel C, Ragy N, Kula K, Ghoneima A. Validity and reliability of
three-dimensional palatal superimposition of digital dental models. European Journal of
Orthodontics 2017;39:365-370.
28. Shukla D, Chowdhry A, Bablani D, Jain P, Thapar R. Establishing the reliability of palatal
rugae pattern in individual identification (following orthodontic treatment). The Journal of
forensic odonto-stomatology - Journal Article 2011;29:20.
29. Ali B, Shaikh A, Fida M. Stability of Palatal Rugae as a Forensic Marker in Orthodontically
Treated Cases. Journal of Forensic Sciences 2016;61:1351-1355.
30. Christou P, Kiliaridis S. Vertical growth-related changes in the positions of palatal rugae and
maxillary incisors. American Journal of Orthodontics and Dentofacial Orthopedics 2008;133:8186.
31. Choi J-I, Cha B-K, Jost-Brinkmann P-G, Choi D-S, Jang I-S. Validity of palatal
superimposition of 3-dimensional digital models in cases treated with rapid maxillary expansion
and maxillary protraction headgear. The Korean Journal of Orthodontics 2012;42:235-241.

74

32. Park T-J, Lee S-H, Lee K-S. A method for mandibular dental arch superimposition using 3D
cone beam CT and orthodontic 3D digital model. The Korean Journal of Orthodontics
2012;42:169-181.
33. McCaffery M, Pasero C. Pain: clinical manual. St. Louis: Mosby; 1999.
34. AcceleDent. How AcceleDent Works; 2017.
35. Dudic A, Giannopoulou C, Kiliaridis S. Factors related to the rate of orthodontically induced
tooth movement. American Journal of Orthodontics and Dentofacial Orthopedics 2013;143:616621.
36. Giannopoulou C, Dudic A, Pandis N, Kiliaridis S. Slow and fast orthodontic tooth
movement: An experimental study on humans. European Journal of Orthodontics 2016;38:404408.
37. Shroff B. Biology of orthodontic tooth movement: Current concepts and applications in
orthodontic practice. 2016.
38. Al-Naoum FDDSM, Hajeer MYDDSMP, Al-Jundi ADDSMP. Does Alveolar Corticotomy
Accelerate Orthodontic Tooth Movement When Retracting Upper Canines? A Split-Mouth
Design Randomized Controlled Trial. Journal of Oral and Maxillofacial Surgery 2014;72:18801889.
39. Verna C. Regional Acceleratory Phenomenon. Frontiers of oral biology 2016;18:28.
40. Suresh K. An overview of randomization techniques: An unbiased assessment of outcome in
clinical research. Journal of Human Reproductive Sciences 2011;4:8-11.
41. Abdi AH, Nouri M. Registration of serial maxillary models via the weighted rugae
superimposition method. Orthodontics & Craniofacial Research 2017;20:79-84.

75

