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Abstract

Introduction: The objective of this study was to determine whether micro-osteoperforations of cortical bone produce accelerated tooth movement
during space closure in adult patients.

Methods: Ten healthy adult patients, ages 18 to 37 years old requiring maxillary first premolar extractions participated in this split-mouth
study. Temporary Anchorage Devices (TADs) were placed bilaterally for anchorage control. Micro-osteoperforations were performed unilaterally
and ipsilateral maxillary canines were distalized using sliding mechanics. Canine retraction rate was measured using: (1) Cone Beam Computed
Tomography (CBCT) and (2) Digital models taken before canine distalization at the initiation of the study (T,) and three months later (T,).

Results: Mean space closure on the micro-osteoperforation side was 0.44mm less for TAD-Upper canine distal measurement, 0.30mm greater for
Upper 2" premolar mesial to Upper canine distal measurement on CBCT. Space closure on the micro-osteoperforation side was 0.14mm greater
for Upper canine Cusp Tip-Upper second premolar Cusp Tip, 0.24mm less for Upper second premolar mesial to Upper canine distal measurement,
0.24mm greater for Upper lateral Midpoint-Upper canine Cusp Tip, 0.18mm greater for Upper molar mesio-palatal Cusp Tip-Upper canine Cusp Tip
on digital models. Space closure on the Micro-osteoperforations side was not statistically significant for any variable (t-test p>0.05).

Conclusion: Our results indicate that canine retraction is very variable on the experimental side when compared to the control side over the
treatment time and the increase in the rate of tooth movement was not significantly different in the overall sample. Further studies are necessary to
evaluate the effects of micro-osteoperforations on the rate of tooth movement in the orthodontic treatment of adult patients.
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protrusion is the retraction of the canines through the first premolar
extraction spaces. Variables such as force magnitude, duration,
initial tooth displacement, and biologic changes of the periodontium
amongst others must be considered to obtain optimal tooth
movement. Nonetheless, space closure in adult patients presents
unique challenges to practitioners due to age-related changes. These
challenges can include but are not limited to reduced bone response
to mechanical forces, increased risk of attachment and bone loss,
greater bone resistance to forces due to medications, and etc.

Introduction

The duration of active orthodontic treatment is significant factors
in decision making to both the patient and the orthodontist. The
number of adult patients seeking orthodontic treatment has grown
over the years and this trend is likely to increase, as adult patients
are more concerned about esthetics. The 2014 AAO Economics of
Orthodontics survey results indicated that 27 percent of orthodontic
patients are age 18 or more, this shows an increase from 21 percent
in 2012. Treatment of adult patients takes longer especially if space
closure after tooth extractions is needed for best outcomes. The
average length of orthodontic treatment for adult patients is between
18 to 30 months (AAOQ, 2007). Therefore, there is a growing need to
reach satisfactory treatment results in as little time as possible.

Orthodontic tooth movement is directly associated with bone
remodeling [1]. It has been suggested that the accelerated tooth
movement might be due to a demineralization-remineralization
process known as the Regional Acceleratory Phenomenon (RAP)

Dental crowding and/or protrusive dental relationships frequently [2]. Any stimulus that increases bone turnover and decreases bone

require the extractions of two maxillary and two mandibular
premolars. A critical stage in the correction of dental crowding or

density appears to result in faster tooth movement [3]. Higher
concentration of inflammatory cytokines such as IL-1, TNF-q,
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IL-6, IL-8, and IL-11 have been found in gingival crevicular fluid
surrounding the teeth intended to move orthodontically [4]. Soon after
forces are applied on a tooth, expression of these cytokines increases
which in turn leads to stimulation of osteoclast differentiation and
activation of bone remodeling and tooth movement. Inhibiting the
expression of these specific cytokines can lead to a reduced rate of
orthodontic tooth movement [5,6]. Teixeira, et al. [7] investigated the
cytokine expression and tooth movement after performing shallow
perforations in the cortical bone of adult Sprague-Dawley rats. They
reported that shallow perforations of the cortical plate increased the
levels of cytokine expression in response to orthodontic forces in the
experimental group, which indicated accelerated bone remodeling
and increased rate of tooth movement. A similar study by Kim, et al.
[8] using piezopuncture in dogs reported a significantly greater tooth
movement on treated sites; yet, the difference of 1.6mm over 6 months
in maximum was questionable as for clinical effectiveness from a cost-
and-effect point of view.

To date, several studies have shown the effect of numerous surgical
and non-surgical techniques on the expression of inflammatory
markers that play a significant role accelerating tooth movement
[9-17]. Tt has also been reported that micro-osteoperforations of
the cortical bone are as effective as corticision to accelerate tooth
movement in rats [18]. Alikhani, et al. [19] performed a single
center single blinded study to investigate the effect of micro-
osteoperforations on the rate of tooth movement in human subjects.
This study concluded that the micro-osteoperforations accelerate
tooth movement and can reduce the orthodontic treatment time
significantly. However; this was the only study investigating micro-
osteoperforations on human subjects. Therefore, a lack of research
on the effectiveness of micro-osteoperforations in accelerating tooth
movement in orthodontic patients is still evident. This study intends
to further examine the effectiveness of using micro-osteoperforations
as a flapless and minimally invasive procedure to enhance orthodontic
tooth movement in adult patients.

Material and Methods

Approval to conduct this split-mouth pilot study was obtained
from the Human Research Protections Office (HRPO) of University
of Maryland Institutional Review Board (IRB) HP-00055763. Ten
healthy adult patients between the ages of 18 to 37 seeking orthodontic
treatment met the inclusion criteria and completed the informed
consent (Table 1).

All patients required extraction of bilateral maxillary first premolars
and subsequent maxillary canine retraction to close the extraction
space as part of their orthodontic treatment. Patients were bonded
with 0.022 slot Unitek brackets (Victory Series™ Miniature Metal
Bracket System or Clarity Ceramic Brackets with metal slot) and were
referred for extraction of the maxillary first premolars. After the initial
leveling and alignment stage, RMO Dual-Top Temporary Anchorage
Device (TAD) of 1.6mm of diameter and 6mm in length were placed
bilaterally mesial to the maxillary first molars in order to maintain
adequate anchorage. The maxillary first molars were connected to the
TAD for stabilization for indirect anchorage. A maxillary only CBCT
was obtained to evaluate TAD placement and location of canine crown
and root. Intra-oral photographs and alginate impressions for digital
study models were also taken before starting the canine retraction (T,)
and at the conclusion of the study (T,). The impressions were poured
up immediately with Whip Mix orthodontic stone, labeled, dated,
and scanned by OrthoCast model lab. The CBCT and digital models
provided a baseline for future measurements.

Table 1: Inclusion and exclusion criteria for the study.

Inclusion Criteria Exclusion Criteria

Healthy adult patients 18-44 yrs
of age

Medical history of immune
disorders or radiation therapy

Minor to moderate crowding (up
to 6mm)

Severe crowding (greater than
6mm)

No current active periodontal

) Current active periodontal disease
disease

Orthodontic treatment plan
requiring removal of bilateral first
maxillary premolars

Patients who require prophylactic
antibiotics

The investigator (T.M) performed three manual micro-
osteoperforations using the PROPEL’ System (Propel Orthodontics,
the Excellerator) adhering to the following protocol: Rinse with
Chlorhexidine Digluconate 0.2% w/v antiseptic mouthwash for 60
seconds prior to the procedure. Apply local infiltrative anesthesia
(2% Lidocaine with 1/100000 Epinephrine). Perform three micro-
osteoperforations of approximately 5mm in depth and 1.5mm in
diameter distal to the maxillary canines in the extraction space. Rinse
with Chlorexidine Digluconate 0.2% w/v antiseptic mouthwash for 60
seconds after the procedure is complete.

Canine retraction was performed using a 0.017 x 0.025 stainless
steel working arch wire. Nickel titanium closed coil springs (Sentalloy’-
GAC International) were placed from the canine bracket hook to the
first molar bilaterally. The force from the coil spring was measured
with a Correx gram force gauge to deliver 150g of force, which is
the adequate force magnitude for retraction (Figure 1). The force
produced by the coil was verified and the appliances were examined
for any distortion or change in position at each visit. Final records
(CBCT, intra-oral photographs, and digital models) were taken three
months after starting space closure (T ).

Cone Beam Computed Tomography image was obtained using the
iCAT scanner (Imaging Sciences International, Hatfield, PA, USA)
available at The University of Maryland School of Dentistry. All the
CBCT images were taken by the same person and the CBCT parameters
and patient’s position were identical in all the scans. The scans were
taken with the patient’s head upright. Images were taken both before
the micro-osteoperforation procedure (T,) and after three months
of canine retraction at the conclusion of the study (T,). To perform
more accurate measurements and avoid superimposition, only one-
sided cephalograms were used in this study. Anatomage Invivo 5 3D
software was used to create right and left side cephalometric x-rays
from the initial and final CBCTs for each subject. Alginate models
taken at the initial and final appointments (T, and T,) were scanned
and digitized. The scanned models were used to measure the maxillary
canine movement. Table 2, figures 2 and 3 show a summary of all the
measurements performed and their abbreviations.

To quantify the distance of tooth movement in millimeters, two sets
of two measurements were performed at T and T, by two different
examiners who were blinded to the study and the average of the two
measurements was taken and used in the statistical analysis.

Statistical Analysis

All the acquired data was analyzed using the STATA statistical
software (version 10). Skewness and Kurtosis for normality were
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Figure 1: Intra- oral photographs taken at initiation of the canine retraction (T,) (A) Experimental side showing three micro-osteoperforations at
the extraction site (white circle) and nickel-titanium coil spring from the canine bracket hook to the first molar. (B) Control side showing the nickel-
titanium coil spring and no micro-osteoperforations at the extraction site.

Right Buccal Left Buccal

Initial Ceph
(TO)

Final Ceph
(T1)

Figure 2: (A) Unilateral right and left sided cephalograms created by Anatomage Invivo5 3D software at TO and T1 (B) Measurements performed
on CBCT.

Right Buccal Occlusal Occlusal Left Buccal
U3 Cusp Tip-U5 Cusp Tip (mm) USM-U3D (mm)
U2 Midpoint-U3 Cusp Tip (mm) U6 MP Cusp Tip-U3 Cusp Tip (mm)
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(TO)
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Figure 3: All digital model measurements.
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Table 2: List of Anatomage In vivo 5 3D and OrthoCAD 3.5 Cadent™ abbreviations and measurements.

Abbreviation

Measurement

Anatomage Invivo 5 3D

TAD-U3D (mm)

The distance from the TAD to the most outer point of the distal curvature of the
maxillary canine

U5M-U3D (mm)

The distance from the most outer point of the mesial curvature of the maxillary
second premolar and the distal most out point of the curvature of the maxillary
canine

U3 Cusp Tip-U5 Cusp Tip (mm)

The distance from the cusp tip of the maxillary canine to the buccal cusp tip of
the maxillary second premolar

The distance from the distal wall of the maxillary canine to the mesial wall of the

U5M-U3D (mm)
OrthoCAD 3.5

maxillary second premolar

Cadent ™
U2 Midpoint- U3 Cusp Tip (mm)

The distance from a midpoint on the incisal edge of the maxillary lateral incisor
to the maxillary canine cusp tip

U6 MP Cusp Tip-U3 Cusp Tip (mm)

The distance from the mesio-palatal Cusp tip of the maxillary first molar to the
cusp tip of the maxillary canine

examined for each of the six measurements (two CBCT measurements
and four digital model measurements) and all the parameters
showed normal distribution. In addition, intra-examiner reliability
was tested for each of the six measurements performed by each
examiner using Student t-tests to compare the compatibility between
their measurements. Six random patients were chosen for each
measurement and the P<0.05 was considered to be significant for
statistical inferences. Paired Student t-tests were performed for the
six measurements to compare the average rate of space closure in
the experimental side, the side treated with micro-osteoperforations,
versus the control side. One-tailed P values were also calculated and
P<0.05 was determined to be for the level of statistical significance. A
group difference was expressed by mean =+ 1 standard deviation (SD).

Results

Ten healthy adult patients between the ages of 18-37 were recruited
from University of Maryland School of Dentistry, Orthodontic
Department’s patient pool. All of these patients had a malocclusion
that required extraction of maxillary first premolars as part of their
treatment plan. The ten subjects initiated the experimental phase and
completed the study with no loss to follow-up. All patients maintained
good oral hygiene throughout the study and took no medications
including anti-inflammatory analgesics before and during the period
of the study. The age range of the study subjects was from 18 to 37
years with the mean of 25.5 years, eight subjects were females and two
were males: six African American, two Caucasian, one Asian, and one
Hispanic.

Canine retraction was measured on each patient on both
experimental and control side by two calibrated examiners at T, and
T, on CBCTs and digital models. An average of the two obtained
measurements for each category was used for statistical analysis.
Skewness test for each of the six measurements was between -0.5 and
0.5 indicating that the distribution was approximately symmetric and
it was appropriate to use paired t-test for statistical analysis. Also, the
intra-examiner reliability test for each of the six measurements showed
not significant differences between the 1* and 2™ measurements (p =
0.05).

For the CBCT measurements (TAD-U3D), the amount of tooth
movement in millimeters measured from the TAD to the distal

curvature of the canine tooth showed that the mean of all patient
measurements on the Propel side is 0.44mm less than the control
side. The second measured variable (USM-U3D), the amount of
tooth movement in millimeters measured from the outermost mesial
curvature of the second premolar to the outermost distal curvature of
the canine tooth shows that the mean of all patient measurements on
the Propel side is 0.30mm greater than the control side. However, there
was no significant difference between the Propel side and the Control
side for both measurements (Figure 4).

Canine retraction was also measured on the digital models using
OrthoCAD 3.5 (Cadent™) software at T and T,. Comparisons were
made for each category at T, and T, on both experimental and
control sides. For U3 Cusp Tip- U5 Cusp Tip, the amount of tooth
movement in millimeters measured from the cusp tip of the canine to
the cusp tip of the second premolar shows that the mean of all patient
measurements on the Propel side is 0.14mm greater than the control
side in average. For USM-U3D, the amount of tooth movement in
millimeters measured from the outermost mesial curvature of the
second premolar to the outermost distal curvature of the canine
shows that the mean of all patient measurements on the Propel side
is 0.24mm less than the control side in average. For U2 Midpoint-U3
Cusp Tip, the amount of tooth movement in millimeters measured
from a midpoint on the incisal edge of the lateral incisor to cusp tip
of the canine shows that the mean of all patient measurements on
the Propel side is 0.24mm greater than the control side in average.
For U6 MP Cusp Tip-U3 Cusp Tip, the amount of tooth movement
in millimeters measured from the mesio-palatal cusp tip of the
first molar to the cusp tip of the canine shows that the mean of
all patient measurements on the Propel side is 0.18mm greater
than the control side in average. However, there was no significant
difference between the Propel side and the Control side on all variables
measured on the digital models (p = 0.05) (Figure 5).

Five study subjects, four female patients and one male patient,
showed more canine retraction on the experimental side than
the control side but the overall amount of canine retraction on the
experimental side with micro-osteoperforations on all subjects was
not statistically significant when compared with the control side
(P>0.05) (Table 3).
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Figure 4: Graphs showing the mean of all patients’ measurements for CBCT.
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Figure 5: Graphs showing the mean of all patients’” measurements for the digital models.
Table 3: Statistical Analysis for the Variables measured on CBCT and digital models.
CBCT Measurements Digital Model Measurements
U3 Cusp Tip-U5 U2 Midpoint-U3 U6 MP Cusp Tip-
TAD-U3D U5M-U3D U5M-U3D . X
(mm) (mm) Cusp Tip (mm) (mm) Cusp Tip (mm) U3 Cusp Tip (mm)
Control | Propel Control Propel Control Propel Control Propel Control | Propel Control Propel
T T T T, T, T T T T T T T T T T, T-T, T T T
N 10 10 10 10 10 10 10 10 10 10 10 10
Mean 2.25 1.81 2.36 2.66 2.83 2.97 2.55 2.31 1.96 2.20 2.84 3.02
t 0.92 -0.62 -0.40 0.68 -0.80 -0.53
p- value 0.19 0.72 0.65 0.25 0.77 0.69
Degrees of Freedom=9 Not Significant ( p > 0.05), *=Significant (P<0.05)
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Discussion

The objective of this study was to determine whether micro-
osteoperforations of the cortical bone produce ‘clinically meaningful’
accelerated tooth movement during space closure in adult patients. In
an attempt to eliminate inter-subject variability and due to a smaller
sample size, a split-mouth study was designed for this clinical research
project [20-22].

In Rapid Acceleratory Phenomenon (RAP), surgical wounding of
the cortical bone increases the rate of bone remodeling by increasing
bone turnover and decreasing bone density in the surroundings of the
surgical site [5]. Bone remodeling is an inflammatory phenomenon
that depends on the expression of cytokines and inflammatory
markers. After forces are applied on a tooth, expression of cytokines
such as IL-1 B, TNF-q, IL-6, and IL-8 increases that in turn leads to
osteoclast differentiation and activation of bone remodeling and tooth
movement [19,23]. There are a few animal research studies reporting an
increase in the rate of tooth movement when micro-osteoperforations
of the bone are performed [17,18]. Alkhalani, et al. reported in 2013
[19] that micro-osteoperforations can increase the rate of canine
retraction by more than 2-fold in orthodontic adult patients. In our
study, each of the research subjects responded differently to the micro-
osteoperforations with varied amount of canine retraction into the
extraction space. The overall amount of canine retraction was not
statistically different between the experimental side and the control
side at T, for any variables. The results of this study indicate that five
study subjects showed more canine retraction on the experimental
side but the overall rate of canine retraction was not significantly
different between the experimental side and the control side for all the
measured variables.

The goal of the study design was to minimize the effects of factors
that could change the outcome of this study; a split mouth design
was chosen to eliminate the bias originated from a smaller sample
size and biological variabilities in individual subjects. Healthy adult
subject’s age’s 18-37 years old with similar malocclusion were selected
in an attempt to homogenize the age-related influences involved in
the rate of tooth movement but it can be argued that the biology of
tooth movement in the selected age group can still be different for each
subject. For instance, the rate of tooth movement may be faster in an
18 year old in comparison to a 37 year old. Similarly, efforts were made
to minimize the operator-related errors in detection of the canine and
second premolar cusp tips but in some study subjects with attrition,
it was challenging to eliminate these types of variabilities. The factors
that could potentially affect the rate of tooth movement can include
but are not limited to individual variations in basal metabolism,
gender and hormonal changes, forces of occlusion, and patient’s health
issues requiring medication therapy that were not disclosed during the
period of the research study.

The biological response of the cortical bone to force can be different
in individuals leading to variable amount of tooth movement in each
study subject. The purpose of using the Propel device is to create a
“localized” area of trauma that leads to activation of an inflammatory
process (RAP) and accelerated tooth movement but it is not clear if
the inflammation actually stays localized or spreads. The biological
factors that can potentially alter the result of the study are yet to be
determined and discussed. Research supports the role of inflammation
in accelerating orthodontic tooth movement, but the findings of this
study are in line with one of the latest systematic review performed by
Rozen et al. [23]. They determined that all the studies that have been
produced on this timely topic in the recent years have “potentially
invalidating evidence and description of new methods”; for that

reason, there is a need for more research studies and a new systematic
review on adjunct procedures including accelerated tooth movement
by Propel.

There are many different, innovative, and appealing orthodontic
methods suggested by the competing manufacturers to reduce
the treatment time in adult patients; however, orthodontists must
carefully examine each method and be cautious when interpreting and
conveying that knowledge to his/her patients. Propel Orthodontics
advocates considerably faster tooth movement and shorter treatment
time in adult patients when the Propel Excellerator and Propel
Excellerator RT are used to perform micro-osteoperforations in the
cortical bone. Our population did not replicate the findings noted
in the previous study and no significant differences were observed
between the experimental and the control side when the overall
amount of canine retraction was considered. At this time, the evidence
from our study is not compelling. Considering a recent review which
supported both corticotomy with flap and piezocision procedure
[24,25], more research is needed to obtain a better understanding of
the effects of micro-osteoperforations on the rate of orthodontic tooth
movement.

Conclusions

The purpose of the present study was to determine whether
micro-osteoperforations of the cortical bone increase rate of tooth
movement in adult patients. The results of this split mouth study
indicate that canine retraction is very variable on the experimental
side when compared to the control side over the treatment time
and the increase in the rate of tooth movement was not significantly
different in the overall sample. Although, micro-osteoperforations
can cause an inflammatory response in the cortical bone, additional
research studies are necessary to evaluate and confirm their positive
effect on the rate of tooth movement in the orthodontic treatment of
adult patients. Therefore, a skilled clinician should be judicious when
introducing micro-osteoperforations of the bone to their adult patient
as an effective method to decrease treatment time.
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