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Objective: The aim of this study was to evaluate the amount of tooth
movement and histologic changes with different corticotomy designs and
micro-osteoperforation in rabbits. Methods: The sample consisted of 24
rabbits divided into three experimental groups (triangular corticotomy [TC] and
indentation corticotomy [IC] with flap, and flapless micro-osteoperforations
[MP]) and a control. A traction force of 100 ¢N was applied by connecting the
first premolars to the incisors. The amount of tooth movement was measured.
Kruskal-Wallis test was used to assess differences in tooth movement between
the groups. Micro-computed tomography, hematoxylin and eosin staining, and
tartrate-resistant acidic phosphatase (TRAP) analysis were performed. Analysis
of variance was applied to assess differences in TRAP-positive osteoclast count
between the groups. Results: The amount of tooth movement increased by
46.5% and 32.0% in the 1C and MP groups, respectively, while the bone fraction
analysis showed 69.7% and 8.5% less mineralization compared to the control.
There were no significant intergroup differences in the number of TRAP-
positive osteoclasts. Conclusions: The micro-osteoperforation group showed
no significant differences in the amount of tooth movement compared to the
corticotomy groups, nor in the TRAP-positive osteoclast count compared to
both corticotomy groups and control.
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INTRODUCTION

Acceleration of orthodontic tooth movement is an in-
creasing need, especially considering the faster pace of
life and the increasing demands from adult orthodontics.
Several modalities'” have been suggested to increase the
rate of tooth movement, of which surgical techniques
have gained much attention. The rationale underlying
the surgical acceleration of tooth movement is the rapid
acceleratory phenomenon (RAP) that occurs at the injury
site. RAP involves recruitment of osteoclasts and osteo-
blasts to the injury site to assist wound healing. This
results in a transient localized demineralization-reminer-
alization in the bone involved in the injury process. The
combined effect of the two processes is claimed to result
in accelerated tooth movement because the resistance of
the dense cortical bone to orthodontic tooth movement
is eliminated.*®

Corticotomy—the intentional cutting of cortical bone—
has long been used to accelerate tooth movement.””
Corticotomy originally involved buccal and lingual flap
reflections followed by bone decortication. Several mod-
ifications were performed to the procedures, wherein
one-side flap reflection was adopted. The cortical cuts
were in the form of perforations, vertical cuts, or com-
binations of both. Other studies have reported less inva-
sive flapless techniques such as micro-osteoperforation
and computer-guided corticotomy.'®"® Several authors
have confirmed that micro-osteoperforation significantly
reduced the duration of orthodontic treatment.>"
However, animal studies showed that the effects of flap-
less perforations on the rate of tooth movement were
inconsistent.'*"” Therefore, different designs for micro-
osteoperforation were suggested to accelerate tooth
movement.

Severe atrophy of the alveolar ridge due to tooth loss
is @ major obstacle to tooth movement. Molar protrac-
tion to close the edentulous space of an adjacent ex-
tracted tooth may be a viable treatment option, mitigat-
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ing the future restorative costs of alternative procedures.
However, previous studies reported that the increased
thickness of the cortical bone in these atrophied areas
makes root parallelism difficult to achieve, especially in
the mandible. 1t may also decrease tooth movement,
resulting in tipping instead of bodily movement,'®'” or
may even lead to buccal and lingual bone dehiscence
with molar protraction.'®

Recently, Kook et al.” summarized three methods of
corticotomy to facilitate mandibular molar protraction
in atrophied alveolar ridges. They reported circumscribed
design involving only a limited surgical area of the tar-
get tooth.

The proper design and the extent of bone injury re-
quired to achieve the desired tooth movement still re-
mains an unsolved dilemma. No studies have compared
the effects of corticotomy versus micro-osteoperforation
and their associated biological responses in homogenous
animal models.

The aim of this study was to evaluate the amount of
tooth movement and histologic changes with different
corticotomy designs and micro-osteoperforations in rab-
bits.

MATERIALS AND METHODS

The sample consisted of right and left mandibular
halves of 24 female New Zealand white rabbits, weigh-
ing 3.6 to 4.3 kg. A total of 48 mandibular halves were
randomly divided into three experimental and one
control groups. The animal protocol was approved by
Uijeongbu St. Mary’s Hospital, Catholic University of
Korea-Institutional Animal Care (UJA2015-12A).

Three different types of interventions were performed
mesial to the mandibular first premolar (PM): triangu-
lar corticotomy (TC), indentation corticotomy (1C), and
micro-osteoperforation (MP) (Figure 1).

In the TC group, a 1.0-mm deep, 3.0-mm wide, 5.0-
mm high bony defect was created after flap elevation

Figure 1. Different study
groups. A, Control group (no
surgical intervention); B,
triangular corticotomy (TC)
group; C, indentation corti-
cotomy (IC) group; D, micro-
osteoperforation (MP) group.
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Figure 2. Specimen sites for micro-computed tomogra-
phy imaging. A, The intervention site, mesial area of the
first premolar; B, the non-intervention site, the area be-
tween the first and second premolars.

using a 1-mm round bur. In the 1C group, three inden-
tations of 1.0-mm depth and 1.0-mm diameter were
created 1-mm apart using a 0.8-mm round bur after
flap elevation. In the MP group, two micro-osteoperfo-
rations with a diameter of 1.4 mm and depth of 3 mm
were performed 2 mm apart through the gingiva with
micro-screws (diameter 1.4 mm and length 10 mm, 14-
G2-006, Dual Top Anchor System; Jeil Medical, Seoul,
Korea). Traction force of 100 cN was applied bilaterally
with nickel-titanium closed coil springs (Jin Sung Corp.,
Seoul, Korea) between the PMs and anterior teeth for 4
weeks. At the end of the fourth week, the rabbits were
sacrificed under deep anesthesia with ketamine hydro-
chloride (Yuhan, Seoul, Korea).

Measurement of the amount of tooth movement

Mandibular dental models of all rabbits were made
from elastomeric impressions taken immediately after
sacrifice. The amount of tooth movement was measured
using Adobe Photoshop software (Adobe Systems Inc.,
San Jose, CA, USA) from the center of the distal surface
of the first PM to the center of the mesial surface of the
second PM on standardized photographs of the dental
models with a ruler (to scale the photo into a 1:1 ratio)
taken by a Canon camera (EOS 450D; Canon, Toyko, Ja-
pan).

Micro-computed tomography images

After dissection, micro-computed tomography (mirco-
CT) images were obtained from four mandibles (each
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group represented by two specimens) for morphometric
analysis using SkyScan 1.6 system (Bruker-SkyScan,
Kontich, Belgium). Scans were acquired at 130 kV and
45 pA and reconstructed using NRecon 1.6.10.4 (Bruker-
SkyScan) with a beam hardening correction of 20%. 3D
CT-analyzer software (Bruker-SkyScan) was used for the
evaluation of bone volume, bone fraction (bone volume/
tissue volume), bone surface and trabeculae number,
thickness, and separation.

For each specimen, two sites were evaluated: the in-
tervention site, the region bounded posteriorly by the
mesial surface of the first PM root and anteriorly by a
line located 3 mm mesially; and the non-intervention
site, the region bounded anteriorly by the distal surface
of the first PM root and posteriorly by the mesial sur-
face of the second PM root. At both sites, the region of
interest extended vertically coronal to the plane passing
through the apex of the first PM root parallel to the oc-
clusal plane (Figure 2). After micro-CT imaging, samples
were further processed in an undecalcified procedure.

Tissue preparation

For undecalcified specimens

Specimens from the second PMs extending anteriorly
to 10 mm mesial of the first PM were obtained. The
embedded blocks were trimmed and sectioned using an
Exakt machine (BS-3000N; Exakt, Norderstedt, Germa-
ny) and examined by fluorescence microscopy.

For decalcified specimens

Specimens of the same dimensions as the undecalci-
fied ones were obtained from the remaining 20 rabbits,
and fixed in 10% formaldehyde, decalcified in 10% eth-
ylenediaminetetraacetic acid (EDTA-2Na, pH 7.4), em-
bedded in paraffin, and sectioned horizontally to obtain
4-um-thick slices. The sections from the middle one-
third of the PM roots were stained with hematoxylin and
eosin (H&E) or processed for osteoclast count.

Tartrate-resistant acidic phosphatase-positive osteoclast
count

Tartrate-resistant acidic phosphatase (TRAP) staining
was performed to verify the presence of osteoclasts."”
One section from each specimen were treated with ac-
etate buffer and stained by ALP Solution (Sigma-Aldrich
Corporation, St. Louis, MO, USA) and light green (L-1886;
Sigma-Aldrich) staining. TRAP-positive osteoclasts were
counted on light microscope images in the regions of
interest, two 1 x 1 mm squares on the mesial side of
the first PM and three 1 x 1 mm squares in between the
first and second PMs.
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Table 1. Amount of tooth movement in 4 weeks (mm)

Triangular

Indentation Micro-

L, corticotomy corticotomy osteoperforation e
Mean 1.72 2.48 2.52 2.27 0.024
Standard deviation 0.30 0.78 0.94 0.56
*Kruskal-Wallis test.
Statistical analysis B P1
Statistical analysis was performed using SPSS 19.0 60 - - B P1-P2
(IBM Corp., Armonk, NY, USA). Tooth movement data 50.5
did not follow a normal distribution when assessed by 50 433 427
the Shapiro-Wilk test. The Grubbs’ test and boxplot
method were applied to detect outliers; two values in ~ 407
the control group were identified as outliers and were 2 29.4 71
therefore replaced by the mean of the group before £ 307 '
proceeding with further analysis. The Kruskal-Wallis @ 20 19.2 20.5
test was used to assess differences in tooth movement
between the groups, followed by Mann-Whitney U tests 10 -
between the pairs of groups for post-hoc analysis us-
ing Bonferroni correction. Analysis of variance test with 0
Bonferroni post-hoc for multiple comparisons was ap- Control TC IC MP
Group

plied to assess differences in TRAP-positive osteoclast
count. Statistical significance was determined at p <
0.05.

Photos of ten randomly selected mandibles were
remeasured 2 weeks later by the same examiner. In-
traexaminer reliability was assessed by determining the
intraclass correlation coefficient (1CC) value, and an 1CC
> 0.997 was obtained.

RESULTS

Tooth movement

There was a significant intergroup difference in tooth
movement (p = 0.024). The 1C group (2.52 mm) and TC
group (2.48 mm) showed the largest amount of tooth
movement, followed by the MP group (2.27 mm) and
control group (1.72 mm). The control group showed
significantly less tooth movement than the 1C and MP
groups (p = 0.013 and p = 0.011, respectively). There
were no significant differences between the experimen-
tal groups. The amount of tooth movement in the 1C,
TC, and MP groups increased by 46.5%, 44.2%, and
32.0%, respectively, compared to the tooth movement in
the control group (Table 1).

Micro-computed tomography bone evaluation

Only bone fraction values showed differences between
the groups. At the intervention site, the area mesial to
the first PM, the control group showed the highest bone
fraction (29.49%), followed by the MP group (27.1%), 1C
group (20.5%), and TC group (19.2%).

In the non-intervention site, the area between the first
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Figure 3. Percentage of bone volume (BV)/tissue volume
(TV) in the four groups.

P1, Mesial area of the first premolar; P1-P2, area between
the first and second premolars; TC, triangular corticoto-
my; IC, indentation corticotomy; MP, micro-osteoperfora-
tion.

and second PM, the control group showed the high-
est bone fraction (53.8%), followed by the MP group
(50.5%), TC group (43.3%), and 1C group (42.7%) (Figure
3).

Evaluation of tartrate-resistant acidic phosphatase-
positive osteoclasts

At the intervention site, the average TRAP-positive
osteoclast count was 20.0, 18.1, and 17.1 in the TC,
1C, and MP groups, respectively, but it was 15.1 in the
control group. The TC and 1C groups showed more os-
teoclasts and pre-osteoclasts. However, these differences
were not statistically significant (p > 0.05) (Figure 4).

At the non-intervention site, the four groups showed
relatively similar count numbers, namely, 15.7, 15.0,
and 13.2 in the TC, 1C, and MP groups, respectively, and
13.5 in the control group (Figure 5).

Microscopic examination of decalcified and undecalcified
specimens

Root and alveolar bone resorption were observed, es-
pecially in the corticotomy (TC, 1C) groups. In all groups,
the number of odontoclasts showed an apparent in-
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Figure 4. Microphotograph of periodontal tissues with tartrate-resistant acidic phosphatase (TRAP) staining (x200). A,
Control group; B, triangular corticotomy (TC) group; C, indentation corticotomy group; D, micro-osteoperforation group.
TRAP-positive osteoclasts can be observed on the compression side along the resorbed surface of the alveolar bone. The
TC group shows several clusters of TRAP-positive osteoclasts, while the control group forms a straight band.
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Figure 5. Comparison of tartrate-resistant acidic phos-
phatase (TRAP)-positive osteoclast counts.

P1, Mesial area of the first premolar; P1-P2, area between
the first and second premolars; TC, triangular corticoto-
my; IC, indentation corticotomy; MP, micro-osteoperfora-
tion.

crease on teeth surfaces (Figures 6 and 7).

DISCUSSION

Previous studies have introduced several corticotomy
designs to reduce treatment time.”*'"* Recently, Kook et
al.” summarized three methods of corticotomy to facili-
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tate mandibular molar protraction in atrophied alveolar
ridges. They reported a circumscribed design involving
a limited surgical area of target tooth only but with
a higher risk of root injury. In contrast, TC is associ-
ated with less risk of root injury, but it requires a large
flap. They also reported that an indentation design re-
duced the risk of root injury, but the distal area was not
strongly affected by RAP. However, to date, no study has
evaluated the effects of these corticotomy designs on
treatment outcomes.

In our study, tooth movement was measured on digital
photos using software to reduce the error arising from
caliper positioning as in a previous method.” Some stud-
ies have reported that corticotomy significantly increased
tooth movement.*” In our study, the amount of tooth
movement increased by 44.2%, 46.5%, and 32.0%, re-
spectively, in the TC, 1C, and MP groups, and these in-
creases in the TC, 1C, and MP groups were significantly
greater than that in the control group, but were not
significantly different from each other. In agreement with
these findings, Chen et al.”' showed a significant differ-
ence in the amount of tooth movement between the cor-
ticotomy group (0.89 mm) and control group (0.80 mm)
after 14 days of traction. Meanwhile, Alkebsi et al.” re-
ported no significant increase in the rate of tooth move-
ment in the micro-osteoperforation group in comparison
with a control group. The differences between the results
of both studies might be due to differences in the study
designs, especially the position of the micro-osteoperfora-
tion in relation to the roots.
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Figure 6. Microphotograph of buccolingual section of the mesial periodontium of the first premolar with H&E stain-
ing (x40) of decalcified specimens. A, Control group; B, triangular corticotomy (TC) group; C, indentation corticotomy
(IC) group; D, micro-osteoperforation group. Note the enlarged periodontal ligament (PDL) space in B and C, and the
increased number of odontoclasts on some teeth surfaces, especially in the TC (B) and IC (C) groups, which might have
caused the enlarged PDL space by its increased activity. The figure suggests elevated root resorption, particularly in the
TC and IC groups.

ALV, Alveolar bone.

Figure 7. Microphotograph
of buccolingual section of the
mesial periodontium of the
first premolar with H&E stain-
ing (x40) of undecalcified
specimens. A, Control group;
B, triangular corticotomy (TC)
group; C, indentation corti-
cotomy (IC) group; D, micro-
osteoperforation (MP) group.
There was more pronounced
root and alveolar bone resorp-
tion in the TC (B) and the IC
group (C) compared to the MP
group (D).

PDL, Periodontal ligament;
ALV, alveolar bone.

Buccal

Buccal

Buccal
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Cheung et al.” evaluated the bone fraction in rats us-
ing micro-CT by comparing the MP side to the control
and found a statistically significant decrease in the MP
side. In agreement, our micro-CT analysis demonstrated
smaller bone fractions in the TC and 1C groups, which
showed 65.3% and 69.7% less mineralization, respec-
tively, compared to the control group, while the mineral-
ization in the MP group was only 8.5% less. This might
be due to the larger amount of bone removal associated
with corticotomy. Nevertheless, our sample analyzed by
micro-CT was small and therefore statistical comparisons
were not possible.

In our study, TRAP-positive osteoclasts were observed
in all groups. A previous study reported a significant
increase in osteoclasts in the MP side in comparison
with the control side in rats.”” In addition, Chen et al.”
showed rapid increases in the osteoclast numbers and
TRAP expression at day 3 after corticotomy in com-
parison with the control group in rabbits. Then, the
number of osteoclasts on the corticotomy side dropped
to the same level as on the control side at day 5, while
the TRAP expression value dropped on the seventh day,
which was followed by a small increase in the second
week. This may suggest that most of the biological re-
sponses after corticotomy might have occurred in rabbits
during the first 2 weeks.

Interestingly, RAP usually enhances the rate of tooth
movement to a peak point at 1.3 months in human pa-
tients, after which tooth movement gradually reduces to
reach normal levels by the third month.**?” Since rabbits’
bone metabolism is three times faster than that of hu-
man beings,”*® 4 weeks would correspond to 3 months
in human participants. Therefore, our measurements
taken 4 weeks postoperatively might have missed record-
ing the increase in TRAP-positive cells, explaining the
lack of significant differences between the experimental
and control groups. Further studies including records
from several time points, especially in the early stages,
might be recommended.

In contrast to the findings of previous studies,”” the
corticotomy groups showed more root resorption than
the MP and control groups on H&E slides. However,
this visual finding is weak evidence and should be con-
sidered with caution. Chan et al.”’ reported that micro-
osteoperforation resulted in greater total root resorption
than control. However, the difference was not clinically
significant (0.169 mm?), and there might be some bias
due to confounding factors, including the direction
and the amount of the forces and the duration of the
experiment. A future study evaluating volumetric root
resorption might shed more light on that effect. In
addition, further randomized clinical trials on micro-
osteoperforation might be recommended to evaluate the
effects of this treatment modality.
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Alikhani et al." reported that micro-osteoperforation
using a disposable device designed for this purpose by
PROPEL 1.5 mm in diameter reduced the duration of
orthodontic treatment. In agreement, the micro-osteo-
perforation performed in rabbits with a mini-screw 1.4
mm in diameter resulted in significantly greater tooth
movement than that in control after 4 weeks of traction.

Recently, Owen et al.”® reported that elevation of the
flap alone decreased the amount and density of medul-
lary bone and accelerates tooth movement; however,
these effects were limited. Meanwhile, our study showed
no significant differences between the flapless micro-
osteoperforation and corticotomy (after flap elevation)
groups, which suggests similar effects for both treat-
ment modalities. Therefore, micro-osteoperforation
might be recommended because of its less invasiveness.

Future studies on micro-osteoperforation might be
recommended to assess the effect of the number, diam-
eter, and frequency of the micro-osteoperforations, their
direction (occlusogingival versus buccolingual), and their
proximity to roots.

CONCLUSION

® There was no statistically significant difference in
the amount of tooth movement between 1C, TC, and
MP; however, the 1C and MP groups showed sig-
nificantly greater tooth movement than the control
group.
® The micro-osteoperforation without flap group
showed no significant difference in the number of
TRAP-positive osteoclasts in comparison with that
of the TC and 1C groups.
Further well-designed and rigorous randomized clini-
cal trials with Tonger follow-up periods are recommend-
ed to confirm these findings in human subjects.
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