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Effect of low-intensity pulsed ultrasound on orthodontically induced root

resorption caused by torque:

A prospective, double-blind, controlled clinical trial

Hasnain Razaa; Paul W. Majorb; Douglas Dederichc; Tarek El-Bialyd

ABSTRACT
Objectives: To evaluate the effects of low-intensity pulsed ultrasound (LIPUS) on orthodontically
induced tooth root resorption caused by torque in human subjects.
Materials and Methods: Ten healthy patients (12–35 years of age) who required extraction of all
first premolars as a part of their routine orthodontic treatment were recruited. A 15u twist was
applied in the arch wire using 0.019 3 0.025-inch TMA in a 0.022-inch bracket system (Synergy R)
that produced a buccal root torque of approximately 5 N/mm at the bracket level. Using a split
mouth design, randomization, and blinding, one side of the arch received LIPUS for 20 minutes per
day for 4 weeks at an incident intensity of 30 mW/cm2 of the transducers’ surface area. The other
side served as a self-control, which received a sham transducer. After 4 weeks, all first premolars
were extracted and micro–computed tomographic analysis was performed on these extracted
teeth. A linear mixed-model statistical analysis was used.
Results: LIPUS-treated teeth showed significantly less total volume of resorption lacunae
compared to control teeth by a mean difference of (0.54 6 0.09 mm3) (P , .001) and percentage of
root resorption by a mean difference of (0.33 6 0.05 mm3) (P , .001). In addition, significantly
fewer resorption lacunae were found on all root surfaces in the LIPUS group compared to the
control except in the instance of the distal surface.
Limitations: This study was performed on limited number of cases during a 4-week period.
Conclusions: LIPUS minimizes root resorption when applied during torque tooth movement over
a 4-week period. (Angle Orthod. 2016;86:550–557.)
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INTRODUCTION

Orthodontically induced root resorption (OIRR) is an
unavoidable consequence of orthodontic treatment.1

The incidence of OIRR is greater than 90%,2 and the

prevalence of minor to severe OIRR ranges from 94% to

6.6%, respectively.3 It has been reported that 6.6% of

the orthodontic patients in one study3 had at least one

tooth with OIRR greater than 4 mm. Micro–computed
tomography (micro-CT) analysis is the current gold

standard for the quantification of RR.4 OIRR is a multi-

factorial problem that can occur as the result of a

combination of individuals’ biological variabilities, genetic

predisposition, and orthodontic mechanical factors.5

Torque force induces bucco-lingual rotation of the tooth,6

and it has been identified as one of the major risk factors

for OIRR.7–10 Several studies explored potential treat-

ments for OIIRR11–14 but the only reported clinically

acceptable modality is low-intensity pulsed ultrasound

(LIPUS).15 LIPUS is acoustic pressure waves that can
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stimulate a variety of cells including cementoblasts,16

odontoblasts,17 osteoblasts,18 chondrocytes,19 gingival
cells,20,21 and periodontal ligament cells.22 Previous
studies investigating the effects of LIPUS on OIRR
have reported that LIPUS promotes cementogenesis by
increasing the Alkaline phosphate (ALP) activity,16,23

collagen-I synthesis,16 and Runx-2 protein16 in cemento-
blasts and inhibits cementoclastogenesis24,25 In addition,
a previous study15 reported that LIPUS reduced the
severity of OIRR due to tipping-type orthodontic tooth
movement and promoted cementum repair. The effect
of LIPUS on OIRR during other types of orthodontic
tooth movement remains unknown. Therefore, the aim
of the present clinical trial was to evaluate the effects of
LIPUS on OIRR caused by torque tooth movement.

MATERIALS AND METHODS

This study was approved by the Health Research
Ethics Board at the University of Alberta, Canada (Pro
00001454). All of the study participants signed a written
informed consent document before the start of the
experiment. Sample size was calculated based on
data published by El-Bialy et al.15 using the following
formula26:

n~s2|(Z1{a=2zZ1{b)2=d2

n~(120)2|(1:96z0:84)2=(100)2

n~12:

The statistical significance level and power of the test
were set at .5 and .8, respectively.

The study participants consisted of 12 healthy
individuals, two males and 10 females, with an

average age of 15.5 6 5.48 years at the beginning of
the study, who were scheduled to receive orthodontic
treatment and extraction of all of their first premolars
as a part of their orthodontic treatment. During the
experiment, two patients were eliminated as a result of
noncompliance. Ultimately, 10 patients, two males and
eight females, completed the study.

This study design was a prospective, split-mouth,
double-blinde, randomized, controlled clinical trial. For
each patient, Nance holding arch and mandibular
lingual arch were delivered to support the first molars
(anchorage) (Figure 1). All first premolars were bond-
ed with Synergy-R brackets (0.022-inchg slot size)
(RMO, Denver, Colo) in a passive position using 0.021
3 0.025-inch wires to ensure that they were at zero
torque at the bonding. The thickness of bonding
material between the bracket base and tooth surface
varied to accommodate variations in the slope of the
buccal aspect of the teeth. Next, a 15u twist was

Figure 1. Intraoral pictures of the patient showing orthodontic appliances and arch wire.

Figure 2. Three-dimensional illustration of the micro-CT image of the

mandibular premolar showing root resorption craters (A), LIPUS-

treated premolar (B), Control premolar (C), and Root resorption

crater in detail. Torque application.
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applied in the sectional 0.019 3 0.025-inch wire
(Titanium Molybdenum Alloy, RMO) connecting the
first premolar and first molar on each side, producing
clinically appropriate buccal root torque at the premolar
bracket level of approximately 5 N/mm. The torque
value was calibrated in the biomechanics lab at the
University of Alberta, Canada.

For each patient, both the upper and lower first
premolars on one side were randomly assigned to
receive active LIPUS transducers, while the other
side’s premolars were used as a self-control measure
that received sham transducers. Before the start of the
study, inactive and active LIPUS transducers were
blinded and coded and they were indistinguishable in
appearance but were marked “right” or “left”. The
clinician, the study coordinator, the patient, and the

outcome assessor all were blinded to the active and
control sides. LIPUS was applied using a custom-
made ultrasound device (SmileSonica Inc, Edmonton,
Alberta, Canada) that was started on the same day the
orthodontic force was applied—for 20 minutes per day
for 4 weeks. The patients were instructed to apply the
ultrasound transducer to the assigned first premolars
in the muco-buccal fold. Intraoral ultrasound gel was
used to couple the ultrasound energy between the
transducer and the gum. The LIPUS parameters used
in this study were 200-ms-wide pulses that each had
a frequency of 1.5 MHz and a pulse repetition
frequency of 1 kHz and that delivers an intensity of
30 mW/cm2 of the transducer’s surface area. After 4
weeks all of the first premolars were extracted,
disinfected in 70% alcohol for 30 minutes, and stored

Figure 3. Total volume of RL (mm3) (mean 6 standard error) in LIPUS and control group (* P , .05).

Table 1. Comparison of Root Resorption Measured Variables Between Low-Intensity Pulsed Ultrasound (LIPUS) and Control Groups Along

with Statistical Analysis Results

Outcome Group N

Mean of Raw

Data (SE)a

Linear Mixed

Model (P-Value)

No. of resorption lacunae on buccal surface LIPUS 20 5.75 (0.602) .005

Control 20 8.40 (0.796)

No, of resorption lacunae on mesial surface LIPUS 20 5.40 (0.701) .006

Control 20 8.40 (0.709)

No. of resorption lacunae on distal surface LIPUS 20 5.50 (0.766) .121

Control 20 6.95 (1.07)

No. of resorption lacunae on palatal/lingual surface LIPUS 20 4.50 (0.52) .019

Control 20 6.80 (0.91)

Height of resorption lacunae, mm LIPUS 80 0.72 (0.05) .007

Control 80 0.94 (0.07)

Depth of resorption lacunae, mm LIPUS 80 0.09 (0.005) .025

Control 80 0.11 (0.006)

Total volume of resorption lacunae, mm3 LIPUS 20 0.48 (0.059) ,.001

Control 20 1.01 (0.092)

Percentage of tooth root resorbed LIPUS 20 0.21 (0.02) ,.001

Control 20 0.55 (0.06)

a SE indicates Standard Error.
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in Milli-Q Millipore (Bedford, Mass),8,27 and then they
were prepared for micro-CT scanning, as described
previously.8,28 The teeth were scanned in a SkyScanH
(1076) micro-CT scanner at a resolution of 9 mm.
Analysis of the reconstructed images was performed
as described before.28 Resorption lacunae (RL) were
analyzed over the whole length of the roots starting at
the cemento-enamel junction and proceeded to the
root apex. Location, number, height, and volume of RL
were calculated.28 The percentage of tooth root
resorbed was calculated by adding the volume of all
RL to the estimated tooth root volume, as determined
by the micro-CT software.28 The tooth roots were
divided into cervical, middle, and apical thirds to
analyze the distribution of RL along the entire root
length. When all the measurements were completed,
the blinding code was broken, and the variables were
analyzed for the ultrasound and control teeth.

Intrarater Reliability Measurements

The number and location, height, depth, and volume
of RL as well as the percentage of tooth root resorbed
were measured by the same investigator twice at a 1-
week interval to test the intrarater reliability.

Statistical Analysis

Data were analyzed using the Statistical Package for
the Social Sciences software (SPSS version 20,
Chicago, Ill). Because of the split-mouth design, the
data had matched-pair structure, and the data sets
were not independent of each other. In addition, the
data were collected repeatedly from the same subject
in whom the repeated factor is upper/lower and left/
right, and so we had four measurements for each
subject. As a result, measurements might have had
correlated structure within the subject. To analyze data

Figure 4. Percentage of tooth root resorbed (mean 6 standard error) in LIPUS and control group (* P , .05).

Figure 5. RL count (mean 6 standard error) on different root surfaces in LIPUS and control group (* P , .05).
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measured on the same subject, a linear mixed model
was recommended by the biostatistician, assuming
a specific covariance (or correlation) structure of the
outcome variable (eg, compound symmetry, etc).
Intrarater reliability for all of the variables was de-
termined using the intraclass correlation coefficient
(ICC).

RESULTS

The reliability test showed absolute agreement in the
number of RL. The reproducibility of other variables
was also very high where the ICC values ranged from
0.981 to 0.997.

Overall, the result of the study demonstrated that
LIPUS significantly decreased root damage compared
to the control group (Figure 2). The RL volume of the
LIPUS group was significantly less than that of the
control (P , .001) (Figure 3; Table 1). In addition, the
mean percentage of root resorption of the LIPUS
group was significantly less than that of the control
(P , .001) (Figure 4; Table 1). LIPUS decreased the
number of RL on the mesial, buccal, and palatal root
surfaces compared to the control group (P , .05),
while it was decreased on the distal surface but not
statistically significant (Figure 5; Table 1). The corono-
apical height and depth of RL were also significantly
less in the LIPUS group compared to the control group
(Figure 6; Table 1) (P , .05).

In general, the apical region showed the highest
number of RL, followed by the middle third and cervical

third (Table 2). LIPUS significantly reduced the num-
ber of RL at the apical level and middle level of the root
compared to the control (Figure 7; Table 3) (P , .05).
However, no significant differences were found in the
number of RL at the cervical level between the LIPUS
and control groups (Figure 7; Table 3) (P . .05). No
significant differences were found in the severity of
OIRR between the upper and the lower teeth in both
groups (P . .05) (Tables 4 and 5).

DISCUSSION

The results of this study demonstrated that LIPUS
reduced the total volume of RL and percentage of root
resorption by more than 50% during clinically relevant
torque tooth movement. This may be due to the
anabolic effect of LIPUS on cementoblasts that either
helped repair RL or stimulated secretion of a protective
cementum layer against OIRR.16,23,24,29 In addition, it
has been demonstrated that LIPUS can inhibit
osteoclast activity by decreasing the Receptor activa-
tor of nuclear factor kappa-B ligand/Osteoprotegerin
(RANKL/OPG) ratio.23,24,30 This could also be due to
the anti-inflammatory effect of LIPUS,31 as it has been
reported to decrease the tumor necrosis factor–a or
interleukin-1b31 that are also involved in the pro-
liferation and differentiation of odontoclast cells.32

Our findings are in accordance with previous re-
ports15,25,30,31 that showed significantly fewer RL in
LIPUS-treated teeth compared to control teeth, except
for at the distal surface. The distal surface in the LIPUS
group showed a lower number of RL compared to the
control; however, this difference was not significant.
Most of the patients in this experiment had their first
premolars rotated disto-palatally, making ultrasound
penetration less toward the distal surface. Utilizing
finite element analysis, Vafaeian et al.33 demonstrated
the quantitative relationship between the thicknesses
of regenerated cementum and ultrasound power. They

Figure 6. Height and depth of RL (mm) (mean 6 standard error) in LIPUS and control group (* P , .05).

Table 2. The Mean Number of Resorption Lacunae at Each Level/

Third of the Root

Part/Third of the Root N Mean of the Raw Data (SE)a

Cervical third 40 4.38 (0.38)

Middle third 40 8.15 (0.829)

Apical third 40 16.68 (0.818)

a SE indicates Standard Error.
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Figure 7. RL count (mean 6 standard error) at different level/third of the root in LIPUS and control group (* P , .05).

Table 3. Comparison of Resorption Lacunae Count at Each Level/Third of the Root Between Low-Intensity Pulsed Ultrasound (LIPUS) and

Control Group Along with Statistical Analysis Results

Outcome Group N

Mean of Raw

Data (SE)a

Linear Mixed

Model (P-Value)

Cervical third LIPUS 20 3.90 (0.492) .079

Control 20 4.85 (0.595)

Middle third LIPUS 20 7.35 (1.027) .046

Control 20 8.95 (1.29)

Apical third LIPUS 20 14.95 (1.022) .01

Control 20 18.40 (1.127)

a SE indicates Standard Error.

Table 4. Comparison of Outcomes of Root Resorption Measured Variables Between the Upper and Lower Teeth in the Low-Intensity Pulsed

Ultrasound (LIPUS) Group

Outcome Group N

Mean of Raw

Data (SE)a

Linear Mixed

Model (P-Value)

Number of resorption lacunae on buccal surface Upper 10 6.58 (0.898) .169

Lower 10 5.0 (0.775)

No. of resorption lacunae (RL) on mesial surface Upper 10 4.90 (0.781) .667

Lower 10 5.90 (1.187)

No. of RL on distal surface Upper 10 6.50 (1.26) .333

Lower 10 4.50 (0.8)

No. of RL on palatal/lingual surface Upper 10 5.90 (0.623) .021

Lower 10 3.10 (0.58)

Percentage of tooth root resorption Upper 10 0.22 (0.038) .959

Lower 10 0.20 (0.029)

Total volume of RL, mm3 Upper 10 0.58 (0.11) .139

Lower 10 0.40 (0.039)

a SE indicates Standard Error.
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also observed greater cementum thickness in areas of
the root that received greater ultrasound pressure, and
vice versa.33

No significant differences were found in the severity
of OIRR caused by torque between the upper and
lower premolars in both groups. This could be due to
the relatively lower torque magnitude used in this
experiment (approximately 5 N/mm) that might not be
enough to produce contact of the roots of these
premolars with their respective cortical plate.7,10

In our study, increased root resorption was observed
at the apical third, followed by the middle third and
cervical third. This is likely because torque results in
compressive forces being concentrated at the
apex,10,34 which is more susceptible to root resorp-
tion.35,36 Schwarz37 reported that orthodontic force
should not exceed the capillary blood pressure, and
areas in which the orthodontic force exceeds the
capillary blood pressure show root resorption.37 Hoh-
mann et al.10 studied the effect of torque on Periodon-
tal ligament (PDL) hydrostatic pressure using finite
element analysis. They observed maximum root re-
sorption at the apical region where orthodontic force
exceeded the capillary blood pressure.10 Bartley et al.8

applied 2.85 N/mm (285 g/mm) of torque and observed
more resorption at the apical level than at the middle
and cervical level. Casa et al.9 applied 6 N/mm of
torque and reported severe root resorption at the apex.
Apical RR is clinically significant, as RL can accumu-
late at the apical region and can lead to permanent root
shortening and a reduced crown/root ratio.38,39 Our
study also highlighted the deleterious effect of torque
on OIRR, as previously reported8,9 Since this 4-week
period corresponds to the usual time interval between
two orthodontic appointments, further activation of
orthodontic force or orthodontic appliances might
greatly increase the risk of OIRR. LIPUS application,
however, was not able to completely heal the re-
sorption craters during this time. Further long-term

clinical trials evaluating the effect of LIPUS on OIRR
will be helpful in determining the efficacy of LIPUS in
accelerating cementum repair over extended periods
of time. In addition, future studies would benefit from
evaluating tooth movement and the level of cytokines,
which can be evaluated by collecting it from the
crevicular fluid concurrent with LIPUS application.

CONCLUSIONS

N From the present clinical trial, it can be concluded
that daily application of LIPUS for 20 min/d for 4
weeks significantly reduced the severity of OIRR
caused by torque in humans.
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