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Effectiveness of electric toothbrush as vibration method
on orthodontic tooth movement: a split-mouth study
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Objective: To investigate the effects of application of vibratory stimuli, using an electric toothbrush, on the rate of
orthodontic tooth movement during maxillary canine retraction. Methods: A split-mouth study was conducted in 28
subjects (mean age = 20.8 years; ranging from 18 to 24 years) whose bilateral maxillary first premolars were extracted with
subsequent canine retraction. On the Vibration side, light force (100 g) was applied to the canine for 90 days, in combination with vibratory stimuli provided by an electric toothbrush; only orthodontic force was applied to the canine on the
non-vibration side. Amount of canine movement was measured monthly. Related to electronic toothbrush usage, a diary
was provided to each patient for recording discomfort during experimental period, having 100-mm visual analogue scale
(VAS). The paired t-test was used to assess the differences in amount of tooth movement between canines of the vibration and non-vibration sides. Results: The amount of tooth movement was similar for canines on the vibration side and
on the non-vibration side (mean 0.81 ± 0.10 mm and 0.82 ± 0.11 mm, respectively, p > 0.05). Plaque accumulation was
minimal in any subject throughout the study. No subject reported discomfort as a result of using the electric toothbrush.
Conclusions: This study demonstrates that application of vibratory stimuli using an electric toothbrush, in combination
with light orthodontic force, do not accelerate orthodontic tooth movement.
Keywords: Electric toothbrush. Orthodontic tooth movement.
Objetivo: investigar os efeitos da aplicação de estímulo vibratório, usando escova elétrica, sobre a taxa de movimentação dentária
ortodôntica durante a retração dos caninos superiores. Métodos: um estudo de boca-dividida foi realizado em 28 pacientes (idade
média de 20,8 anos, variando entre 18 e 24 anos) cujos dois primeiros pré-molares superiores foram extraídos, com subsequente
retração dos caninos. No lado Com Vibração, uma força leve (100g) foi aplicada no canino durante 90 dias, em combinação com o
estímulo vibratório gerado por uma escova de dentes elétrica; enquanto os caninos do lado Sem Vibração foram submetidos apenas
à aplicação da força ortodôntica. A quantidade de movimentação dos caninos foi aferida mensalmente. Quanto ao uso da escova de
dentes elétrica, diários foram fornecidos aos pacientes para que esses anotassem, em Escalas Visuais Analógicas (EVA) de 100 mm,
o desconforto sentido durante o período experimental. O teste t pareado foi utilizado para avaliar as diferenças na quantidade de
movimentação dos caninos nos lados Com Vibração e Sem Vibração. Resultados: os valores da movimentação dentária foram
semelhantes nos lados Com Vibração e Sem Vibração (médias de 0,81 ± 0,10 mm e 0,82 ± 0,11 mm, respectivamente, p > 0,05).
O acúmulo de placa dentária nos pacientes dessa amostra foi mínimo, ao longo de todo o estudo. Nenhum paciente relatou
desconforto durante o uso da escova elétrica. Conclusões: o presente estudo demonstrou que a aplicação de estímulo vibratório
usando uma escova elétrica, associada a forças ortodônticas leves, não foi capaz de acelerar a movimentação dentária ortodôntica.
Palavras-chave: Escova elétrica. Movimentação dentária ortodôntica.
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MATERIAL AND METHODS
This study was approved by the Ethics Committee of Orthodontic Department, de’Montmorency
College of Dentistry, and Dental Section, Faisalabad Medical University, Pakistan (3074/DCD).
All subjects and their parents or guardians consented to participation after receiving verbal and
written explanations. Sample size was calculated
by means of BioEstat v. 5.3 software, based on
an internal pilot study. As per results of this pilot
study, the variable amount of canine retraction per
month was used. From this, sample size was determined with a test power of 80% and α = 5%, and
18 patients were required. Twenty-eight orthodontic patients (18 females, 10 males; mean age = 20.8
years; range 18 – 24 years) were randomly selected
from the Orthodontic department.
For selecting the patients, the following criteria were used: (1) need for bilateral maxillary first
premolar extractions (with moderate anchorage requirements) and fixed appliance orthodontic therapy; (2) similar minimal crowding on each side of the
maxillary arch; (3) no previous orthodontic therapy;
(4) no past or present signs and symptoms of periodontal disease; and (5) all teeth having plaque index
lower than 10%. Before bonding, all patients underwent supragingival scaling and polishing, and were
given instructions on dental hygiene. They were
instructed to brush and floss their teeth thrice a
day. Patients were excluded if they had: A mental
handicap, a physical handicap that restricted free
movement of hands or fingers, craniofacial anomalies, history of recent trauma or recent oral surgery,
significant medical history or medication that would
adversely affect orofacial development and any subsequent tooth movement.
This study used a split-mouth design; the vibration side was randomly allocated using random
number tables. After extraction of premolars, a
three-month consolidation period was allowed to
permit equal amounts of bone formation at the extraction sites adjacent to the canines, before the experimental period, ensuring similar quality of bone
around the canine roots. Each patient was treated
with MBT’s prescription preadjusted edgewise
brackets (3M Gemini brackets; 3M Unitek Corporation, Monrovia, Calif) with 0.022-in slots. Initial

INTRODUCTION
Orthodontic tooth movement is a complex process
in which various molecular proteins — like receptor
activator of nuclear factor kappa B (RANK), its ligand (RANKL), and osteoprotegerin (OPG) — interact to regulate the bone remodelling process.1-3
One of the common deterrents to orthodontic therapy is the amount of time in which a patient needs to
commit, thus, there has been a continuous search for
techniques to accelerate the rate of orthodontic tooth
movement.4 At present, there are various invasive
techniques to accelerate the rate of orthodontic tooth
movement, namely: surgically facilitated orthodontics;5 combination of interradicular corticotomy and
supra-apical osteotomy technique;6,7 periodontal ligament distraction;8 undermining of interseptal bone;9
the corticotomy-facilitated technique;10 dentoalveolar distraction osteogenesis;11 micro-osteoperforation,12 and piezopuncturing.13
Many efforts have been made to develop non-invasive methods that could speed up the rate of orthodontic tooth movement by increasing alveolar bone
turnover rate. One such latest technique is Vibratory
stimuli, which has the potential to speed up the rate
of tooth movement. Nishimura et al 14 found that
in rats, vibrations could speed up the rate of tooth
movement by stimulating the expression of RANKL
and osteoclastogenesis in periodontium, and enhancing bone remodelling. Although one study in
orthodontic patients stated that vibrations play no
role in speeding up the rate of orthodontic tooth
movement during initial alignment;15 in contrast,
other studies reported that vibratory stimuli can accelerate the rate of tooth movement in humans by
2-3 mm/month without causing root resorption.16,17
Recent clinical trial revealed that vibrations using
AcceleDent® device at the frequency of 30 Hz is a
safe and successful way of accelerating tooth movement during orthodontic treatment.18
Thus, the aims of the present clinical study were: to
investigate the effect of applying vibratory stimuli, using an electric toothbrush, on the rate of maxillary canine retraction; to evaluate pain discomfort assessed on
the VAS scale; and to evaluate plaque index. This research project is important as it added data into the
orthodontic literature regarding the effects of electric
toothbrush vibratory stimuli on canine retraction.
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Related to electronic toothbrush usage, a diary
was provided to each patient, for recording discomfort during experimental period. Discomfort
was assessed on the 100-mm visual analogue scale
(VAS) by asking participants to make a line across
the scale, corresponding to perceived discomfort.
Similarly, the analgesic consumption was recorded
as “yes or no” response for each day. The VAS score
in millimeters was measured from the left margin of
the scale to the nearest millimeter, using a metallic
ruler to quantify the discomfort. Discomfort diary
data from the VAS were collected from each patient
daily on the first 7 days of each month of the experimental period. These scores were averaged to
determine the first week score. After the first week,
discomfort was scored once weekly, for the remainder of the month. The four weekly scores were averaged to represent a monthly score, for comparisons. Participants were continuously reminded to
complete their VAS in diary and record discomfort
scores, and whether they were taking rescue medications. At the end of the experimental period, patients returned the discomfort scale data.
A series of plaster models from each subject were
used to assess the amount of canine retraction relative to the stable landmark of the ipsilateral median
end of the third palatal rugae. Each initial model
was used for making the palatal plug, with reference wires pointing at the mesial contact of the canines.20 The plug was then transferred to the consecutive models to measure displacement of the mesial contact of the canines relative to the reference
wires. One investigator blinded to the experiment
measured all models with a digital calliper (General
Tools, New. York, NY) to an accuracy of 0.01 mm.

alignment was done with a 0.014- or 0.016-in NiTi
wire (3M Unitek, Monrovia, Calif), taking an average of 1.8 months (range 0.4 - 5.9 months). Then, a
0.019 × 0.025-in TMA (TMA, 3M Unitek) archwire
was left in situ for two months to obtain standardized
first-, second-, and third-order prescriptions for the
experimental teeth. Segmental 0.020-in stainless-steel
wire (Dentaurum, Ispringen, Germany) was passively
engaged, using stainless steel ligatures, before starting
canine retraction by pre-calibrated superelastic NiTi
closing coil spring (GAC International, Bohemia, NY)
with 100 g of force. Closed coil spring was attached
from molar band hook to canine bracket hook, on both
sides. No reactivation of the closing coils was needed at
the start of the second and third months of retraction
(labelled R2 and R3).
After the first month of retraction (R1), the right
or left canine was randomly selected (by the trial supervisor) as the vibration side tooth, for additional
stimulation with an oscillating-rotating electric
toothbrush with a specially designed orthodontic brush head (Oral-B Triumph, OD17; Procter
& Gamble, Cincinnati, Ohio) (125 Hz). The patients were then instructed not to clean their teeth
with the electric toothbrush; rather, they were instructed to hold the toothbrush to apply mechanical vibration on the mesiolabial surface of vibration
side canine for a minimum of 20 minutes a day, for
60 days. The participants were requested to note
and report the duration of use, and were scheduled
to visit once a month, during which batteries were
provided for the electric toothbrush. It was ensured
that patients used the brush only for the stimulation, and not for brushing teeth.
Plaque assessment and monitoring was done by
plaque index (PI), conducted at six sites per tooth
at four different periods (R0, R1, R2, and R3) after bonding, by a blinded examiner (0 = no plaque;
1 = thin film of plaque adhered to the gingival margin and adjacent area of the tooth; 2 = moderate
accumulation of plaque within the gingival sulcus
seen with the naked eye, or on the tooth and gingival margin; 3 = abundance of plaque within the
gingival sulcus or on the tooth and gingival margin). Assessment comprised first molar, second
premolars, canines and central and lateral incisors
of each upper hemiarch.

© 2019 Dental Press Journal of Orthodontics

Statistical analysis
The amount of tooth movement was measured
thrice by the responsible investigator at a 4-week interval. Intraclass correlation coefficient was used to
assess intraobserver reliability. In the data collected
for pain and PI, Friedman test was used to detect potential differences in PI among the analyzed periods.
The paired t-test was used to assess the differences in amount of tooth movement between the canines on vibration and non-vibration sides, in conjunction with 95% confidence intervals (95% CI).
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The Shapiro-Wilk test was used for normality.
The Statistical Package for the Social Sciences (version 20.0; SPSS) was used for data analysis, with
p <0.05 indicating statistical significance.

3
2.5
2
non-vibration
vibration

1.5

RESULTS
The intraclass correlation coefficient (0.91)
showed excellent reproducibility and reliability. The
data was normally distributed, as tested with the
Shapiro-Wilk test. During the first month of canine
retraction (R0-R1), the amount of canine movement
was equal for the vibration and non-vibration sides.
The amount of canine movement at R2 and R3, after the first month of retraction, in combination with
vibratory stimulation by electric toothbrush, was also
similar for the canines on vibration and non-vibration
sides (p > 0.05; 95% CI) (Tables 1 and 2) (Fig 1).
Plaque accumulation was minimal in any subject
throughout the study. The PI values had no statistically significant differences between the vibration and non vibration sides (p > 0.05). The PI was
low for all examined teeth (score 0 = 93%; score
1 = 6.82%; score 2 = 0.18%) during the whole experimental period (from R0 to R3). The PI did not
change significantly from the baseline values to the
end of experimental period (p > 0.05) (Table 3).
No subject reported discomfort as a result of using the electric toothbrush. A statistically nonsignificant difference in change of pain score over time was
found in the experimental period (p > 0.05) (Table 4).
No patient was noncompliant with their pain diary,
and no one reported usage of rescue medications.

1
0.5
0
R0-R1

R1-R2

R2-R3

R0-R3

Figure 1 - Comparison of amount of retraction (mm) of the canines on vibration and non-vibration sides.

DISCUSSION
The number of adults receiving orthodontic therapy is increasing, and the main concern for them is
prolonged treatment duration, which poses high
risks for caries, root resorption, and decreased patient
compliance and satisfaction.4,18 Various techniques
for accelerated tooth movement are invasive in nature as they involve surgical insult.4-12 Recently, an
atraumatic technique of accelerated tooth movement
by accelerating periodontal and alveolar bone remodelling using vibratory stimulation was introduced.19,20
The aim of the current study was to explore the
effect of vibratory stimuli provided by an electric
toothbrush on the rate of orthodontic tooth movement. It was found that the application of vibratory
stimuli using an electric toothbrush 20 minutes a day
was not effective in accelerating orthodontic tooth
movement without causing patient discomfort.

Table 1 - Mean (± standard deviation) amount of retraction (mm) of the canines on vibration and non-vibration sides.
Time

R0-R1

R1-R2

R2-R3

R0-R3

Non -vibration

0.80 ± 0.10

0.81 ± 0.11

0.82 ± 0.09

2.43 ± 0.30

Vibration

0.81 ± 0.11

0.84 ± 0.09

0.83 ± 0.13

2.48± 0.33

P value

1.000

1.000

1.000

1.000

Table 2 - Comparison of both sides.
t-test
t
Amount of canine
retraction mm

4.118

© 2019 Dental Press Journal of Orthodontics

Df

56

95% Confidence Interval of the difference

Sig.

Mean

Std. Error

(2-tailed)

Difference

Difference

Lower

Upper

0.000

2.13300

1.03987

0.66723

0.917009
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Table 3 - P values from the statistical comparison of vibration and non-vibration sides.
Time

R0

R1

R2

R3

(PI)

(PI)

(PI)

(PI)

Non-vibration

1.000

1.000

1.000

1.000

Vibration

1.000

1.000

1.000

1.000

Table 4 - Mean pain scores over time*, related to electric toothbrush usage for 20min/day.
Time

R1

R2

R3

Overall pain score*

3.31

3.49

3.78

*Pain scores from the first seven days were averaged to make the first week score. After the first week, pain was scored weekly for the following three weeks.
The four weekly pain scores were averaged again to represent a monthly score.

brushes, which in turn get ineffective in stimulating
Interlukin (IL)-1b secretion by osteoclasts.26,27
Regional Accelerated Phenomenon28 at the extraction site may have affected the rate of canine
movement; but, in the present study, bonding was
performed 90 days after maxillary first premolar extraction, to permit equal amounts of bone formation
at the extraction sites adjacent to the maxillary canines before the experimental period, ensuring similar quality of bone around the maxillary canine roots.
The present results showed statistically insignificant difference in the amount of canine retraction on
vibration side, compared to the control side. These
results are in contrast with Leethanakul et al,22
who showed that the amount of canine retraction
remained increased for experimental side canine,
when compared with control side. Retraction force
was applied with elastomeric chain in Leethanaku’s
study,22 but in the current study NiTi closed coil
spring was used for continuous and controlled forces. The monthly rate of retraction for the canines
of control and vibration sides was approximately
0.80 mm/month, which favorably compares with
earlier reports.19,29,30 This is perhaps because the electronic toothbrush was never intended or designed
to accelerate tooth movement: its output frequency
is four times higher compared to other studies,16-20
while the force is about four times lower. Moreover, in the current study, patients were instructed

Vibration applied to one specific tooth could
be translated to the other ones through the archwire, that’s why segmented mechanics was used as
it could help in controlling this side effect. This is
in agreement with previous studies that showed
that vibrations could not speed up the rate of tooth
movement,15,21 but in contrast with other studies
that showed significant advantage in using the vibrational appliance for speedy orthodontics.13,16-20,22
A recent study using the Tooth Masseuse device in
orthodontic patients reported no effect on the rate
of tooth movement, which is in agreement with the
present results.22 This is perhaps because the electronic toothbrush was never intended or designed to
accelerate tooth movement, and have insignificant
potential to stimulate molecular mechanisms controlling acceleratory tooth movement.
Studies on corticotomy23 and micro-osteoperforations24 revealed that these minor oral surgical procedures are effective in accelerating orthodontic tooth
movement. Furthermore, a recent systematic review
and meta-analysis on methods of accelerating orthodontic tooth movement, not including mechanical vibratory stimuli, found some evidence for the
effectiveness of corticotomy surgical procedures.25
The present results, which are in contrast with studies on surgical procedures such as corticotomy23 and
micro-osteoperforations,24 can be linked to the higher
output frequency and low force levels of these electric

© 2019 Dental Press Journal of Orthodontics
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to apply mechanical vibration for 20 minutes per
day, in accordance with previous studies where the
same time protocol was used for applying vibratory
stimuli,16-20,21,31 while Leethanakul et al22 instructed
patients to apply mechanical vibration for 5 minutes,
three times a day, using electric toothbrush.
No subject reported discomfort as a result of using the electric toothbrush. A statistically nonsignificant difference in change of pain score over time
was found during experimental period. A VAS was
used in the present study to assess discomfort. This
scaled method is a reliable method of measuring
discomfort, and test-retest reliability for the VAS
has been shown to be very good.32 Several studies
have found that vibratory stimuli diminishes pain
responses.33-35 However, at least one study found no
pain relief with the use of a vibrations.21
Recent research showed that the electric toothbrush,
with either brush head, demonstrated significantly greater
plaque removal compared to manual toothbrush.36 Furthermore, one study concluded that electric toothbrushes
can improve plaque control without causing damage to
the components of the orthodontic appliance.37 Most
subjects in this study used the electric toothbrush as instructed, and all subjects reported that this toothbrush
was comfortable and practical to use.
This study suggests vibratory stimuli by electronic
toothbrush could be a new area for further research
on accelerated tooth movement, as current evidence
is missing. This research project was important as it
added data into the orthodontic literature regarding effects of electronic toothbrush vibratory stimuli
during canine retraction. Limitations of this study
are short term study duration and small sample size.
Furthermore, the present study did not focus on the
underlying mechanism by which vibratory stimuli
accelerated canine retraction. Therefore, future
studies with larger sample size and long term clinical
duration are suggested. Our future studies will focus
on understanding the signalling pathways associated
with vibratory stimuli during canine retraction.

© 2019 Dental Press Journal of Orthodontics

CONCLUSION
Clinical application of vibratory stimuli using an
electronic toothbrush cannot be recommended with
the purpose of accelerating the rate of orthodontic
tooth movement.
Acknowledgments
‘The authors are thankful to the postgraduate residents of orthodontic department and Professor Waheed-Ul-Hamid.

Author’s contribution (ORCID )
Muhammad Azeem (MA): 0000-0001-5521-7213
Ambreen Afzal (AA): 0000-0002-1444-4919
Saqib Ali Jawa (SAJ): 0000-0001-7600-2828
Arfan Ul Haq (AUH): 0000-0002-6099-046X
Mahwish Khan (MK): 0000-0001-8087-1567
Husnain Akram (HA): 0000-0003-0835-384X

Conception or design of the study; Data acquisition, analysis or interpretation; Critical revision of the article; Final
approval of the article: MA, AA, SAJ, AUH, MK, HA.

54

Dental Press J Orthod. 2019 Mar-Apr;24(2):49-55

original article

Azeem M, Afzal A, Jawa SA, Haq AU, Khan M, Akram H

REFERENCES

1.

Liu Z, Aronson J, Wahl EC, Liu L, Perrien DS, Kern PA, Fowlkes JL,

19.

Thrailkill KM, Bunn RC, Cockrell GE, Skinner RA. A novel rat model for the

accelerates tooth movement in orthodontic patients: a double-blind,

study of deficits in bone formation in type-2 diabetes. Acta Orthopaedica.

randomized controlled trial. Semin Orthod. 2015 Sept 30;21(3):187-94.

2007 Jan 1;78(1):46-55.
2.

20. Yadav S, Dobie T, Assefnia A, Gupta H, Kalajzic Z, Nanda R. Effect of low-

Theoleyre S, Wittrant Y, Tat SK, Fortun Y, Redini F, Heymann D.

frequency mechanical vibration on orthodontic tooth movement. Am J

The molecular triad OPG/RANK/RANKL: involvement in the orchestration

Orthod Dentofacial Orthop. 2015 Sept 30;148(3):440-9.

of pathophysiological bone remodeling. Cytokine Growth Factor Rev.

21.

2004 Dec 31;15(6):457-75.
3.

randomised clinical trial. Aust Orthod J. 2012 Nov;28(2):213-8.
22. Leethanakul C, Suamphan S, Jitpukdeebodintra S, Thongudomporn U,

Orthod. 2013 Oct;35(5):644-51.

Charoemratrote C. Vibratory stimulation increases interleukin-1 beta

Kau CH, Kantarci A, Shaughnessy T, Vachiramon A, Santiwong P, de la

secretion during orthodontic tooth movement. Angle Orthod. 2016

Fuente A, et al. Photobiomodulation accelerates orthodontic alignment

Jan;86(1):74-80.

in the early phase of treatment. Progress Orthod. 2013 Sept 19;14(1):30.
5.

23. Chung KR, Oh MY, Ko SJ. Corticotomy-assisted orthodontics. J Clin

Hoogeveen EJ, Jansma J, Ren Y. Surgically facilitated orthodontic

Orthod. 2001;35:331-9.

treatment: a systematic review. Am J Orthod Dentofacial Orthop. 2014

24. Alikhani M, Raptis M, Zoldan B, Sangsuwon C, Lee YB, Alyami B, et al.

Apr 30;145(4):S51-64.
6.

Effect of micro-osteoperforations on the rate of tooth movement. Am J

Suryavanshi HN, Das VR, Deshmukh A, Rai R, Vora M. Comparison of rate

Orthod Dentofacial Orthop. 2013 Nov 30;144(5):639-48.

of maxillary canine movement with or without modified corticotomy

25. Gkantidis N, Mistakidis I, Kouskoura T, Pandis N. Effectiveness of non-

facilitated orthodontic treatment: A prospective clinical trial. APOS Trends

conventional methods for accelerated orthodontic tooth movement:

Orthod. 2015 July 1;5(4):138.
7.

a systematic review and meta-analysis. J Dent. 2014 Oct 31;42(10):1300-19.

Vargas PO, Ocampo BRY. Corticotomy: historical perspective.

26. Limpanichkul W, Godfrey K, Srisuk N, Rattanayatikul C. Effect of low-

Rev Odontol Mexicana. 2016 June 30;20(2):e80-90.
8.

level laser therapy on the rate of orthodontic tooth movement. Orthod

Kateel SK, Agarwal A, Kharae G, Nautiyal VP, Jyoti A, Prasad PN.

Craniofac Res. 2006 Feb;9(1):38-43.

A comparative study of canine retraction by distraction of the periodontal

27.

ligament and dentoalveolar distraction methods. J Maxillofac Oral Surg.

Oct;89(10):1135-41.

Leethanakul C, Kanokkulchai S, Pongpanich S, Leepong N,

28. Yaffe A, Fine N, Binderman I. Regional accelerated phenomenon in the

Charoemratrote C. Interseptal bone reduction on the rate of maxillary

mandible following mucoperiosteal flap surgery. J Periodontol. 1994

canine retraction. Angle Orthod. 2014 Mar 4;84(5):839-45.

Jan;65(1):79-83.

10. Abbas NH, Sabet NE, Hassan IT. Evaluation of corticotomy-facilitated

11.

29. Thiruvenkatachari B, Ammayappan P, Kandaswamy R. Comparison

orthodontics and piezocision in rapid canine retraction. Am J Orthod

of rate of canine retraction with conventional molar anchorage and

Dentofacial Orthop. 2016 Apr 30;149(4):473-80.

titanium implant anchorage. Am J Orthod Dentofacial Orthop. 2008 July

Iseri H, Kisnisci R, Bzizi N, Tuz H. Rapid canine retraction and orthodontic

31;134(1):30-5.

treatment with dentoalveolar distraction osteogenesis. Am J Orthod

30. Dixon V, Read MJ, O Brien KD, Worthington HV, Mandall NA.

Dentofacial Orthop. 2005 May;127(5):533-41; quiz 625.
12.

A randomized clinical trial to compare three methods of orthodontic

Alikhani M, Alansari S, Sangsuwon C, Alikhani M, Chou MY, Alyami B,

space closure. J Orthod. 2002 Mar 1;29(1):31-6.

et al. Micro-osteoperforations: minimally invasive accelerated tooth

31.

movement. Semin Orthod. 2015 Sept 30;21(3):162-9.
13.

32. Joyce CR, Zutshi DW, Hrubes V, Mason RM. Comparison of fixed interval
and visual analogue scales for rating chronic pain. Eur J Clin Pharmacol.

Orthod Dentofacial Orthop. 2013;144(1):23-31.

1975 Nov 1;8(6):415-20.

Nishimura M, Chiba M, Ohashi T, Sato M, Shimizu Y, Igarashi K, et al.

33. Lundeberg T, Nordemar R, Ottoson D. Pain alleviation by vibratory

Periodontal tissue activation by vibration: intermittent stimulation by

stimulation. Pain. 1984 Sept 1;20(1):25-44.

resonance vibration accelerates experimental tooth movement in rats.

34. Roy EA, Hollins M, Maixner W. Reduction of TMD pain by high-frequency

Am J Orthod Dentofacial Orthop. 2008 Apr;133(4):572-83.
15.

vibration: a spatial and temporal analysis. Pain. 2003 Feb 28;101(3):267-74.

Zhang C, Li J, Zhang L, et al. Effects of mechanical vibration on

35. Lobre WD, Callegari BJ, Gardner G, Marsh CM, Bush AC, Dunn WJ.

proliferation and osteogenic differentiation of human periodontal

Pain control in orthodontics using a micropulse vibration device:

ligament stem cells. Arch Oral Biol. 2012;57: 1395-407.
16.

17.

a randomized clinical trial. Angle Orthod. 2015 Oct 23;86(4):625-30.

Olson JE, Liu Y, Nickel JC, Walker MP, Iwasaki LR. Archwire vibration

36. Erbe C, Klukowska M, Tsaknaki I, Timm H, Grender J, Wehrbein H.

and stick-slip behavior at the bracket-archwire interface. Am J Orthod

Efficacy of 3 toothbrush treatments on plaque removal in orthodontic

Dentofacial Orthop. 2012 Sept 30;142(3):314-22.

patients assessed with digital plaque imaging: a randomized controlled

Kau CH, Nguyen JT, English JD. The clinical evaluation of a novel cyclical

trial. Am J Orthod Dentofacial Orthop. 2013 June 30;143(6):760-6.

force generating device in orthodontics. Orthod Pract. 2010;1:1-4.
18.

Kau CH. A novel device in orthodontics. Aesthetic Dent Today.
2009;3:42-3.

Kim YS, Kim SJ, Yoon HJ, Lee PJ, Moon W, Park YG. Effect of
piezopuncture on tooth movement and bone remodeling in dogs. Am J

14.

Teixeira CC, Khoo E, Tran J, Chartres I, Liu Y, Thant LM, et al. Cytokine
expression and accelerated tooth movement. J Dent Res. 2010

2016 June 1;15(2):144-55.
9.

Miles P, Smith H, Weyant R, Rinchuse DJ. The effects of a vibrational
appliance on tooth movement and patient discomfort: a prospective

Grant M, Wilson J, Rock P, Chapple I. Induction of cytokines, MMP9,
TIMPs, RANKL and OPG during orthodontic tooth movement. Eur J

4.

Pavlin D, Anthony R, Raj V, Gakunga PT. Cyclic loading (vibration)

37.

Heasman P, Wilson Z, MacGregor I, Kelly P. Comparative study of electric

Kau CH. A radiographic analysis of tooth morphology following the

and manual toothbrushes in patients with fixed orthodontic appliances.

use of a novel cyclical force device in orthodontics. Head Face Med.

Am J Orthod Dentofacial Orthop. 1998 July 31;114(1):45-9.

2011;7:1-5.

© 2019 Dental Press Journal of Orthodontics

55

Dental Press J Orthod. 2019 Mar-Apr;24(2):49-55

