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Comparison of the effects of micro-osteoperforation and corticision on the

rate of orthodontic tooth movement in rats

Chi-Yang Tsaia; Teng-Kai Yangb; Hsueh-Yin Hsiehb; Liang-Yu Yangc

ABSTRACT
Objective: To investigate the effects of flapless micro-osteoperforation and corticision on the rate
of orthodontic tooth movement in rats.
Materials and Methods: Forty-five 8-week-old male Sprague-Dawley rats were divided into the
following groups: micro-osteoperforation and orthodontic force (MOP + F), corticision and
orthodontic force (C + F), and orthodontic force only (F, control). The left maxillary first molars
were pulled forward with a force of 50 g. Flapless surgical interventions were conducted in the
MOP + F and C + F groups. The total duration of the experiment was 6 weeks. Alveolar bone
density and the number of osteoclasts were evaluated using microcomputed tomography and
histologic examination, respectively.
Results: The tooth movement distance was significantly higher in both experimental groups than in
the control group. Bone density and bone mineral density decreased in the MOP + F and C + F
groups. The number of osteoclasts in the MOP + F and C + F groups was significantly higher than
in the control group F.
Conclusion: The two minimally invasive flapless surgical interventions increased bone remodeling
and osteoclast activity and induced faster orthodontic tooth movement for at least 2 weeks in rats.
No differences were observed between the outcome of flapless micro-osteoperforation and
corticision in the rats. (Angle Orthod. 2016;86:558–564.)
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INTRODUCTION

Most patients prefer a short orthodontic treatment
time. Methods such as local/systemic pharmaceutical
administration as well as physical and mechanical
stimulation have been reported to accelerate tooth
movement.1,2 However, these methods might not be
applicable to daily clinical practice because of their

side effects and because their outcomes await
validation.3–5 Over the past decade, the regional
acceleratory phenomenon (RAP) induced by surgical
trauma has received considerable emphasis for re-
ducing the treatment time.6 Wilcko and colleagues6,7

have combined alveolar corticotomies with bone
augmentation to accelerate tooth movement. Howev-
er, the surgical trauma associated with this technique
is considerably high, resulting in the limited application
of this technique currently.

Researchers have attempted to identify minimally
invasive surgical procedures for inducing RAP, and it
could be induced by micro-osteoperforation8 and
corticision.9 In previous studies, some showed no
significant improvement after the surgical operations,10

whereas others showed significant acceleration in
tooth movement.8,9,11 However, the results are not
comparable because the surgical approaches used in
these studies were different. Some researchers have
performed mucoperiosteal flap elevation but some
have not. In addition, mucoperiosteal flap surgery
could induce RAP.12

The purpose of this study was to compare acceleration
in tooth movement between micro-osteoperforation and
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corticision without flap elevation by measuring the
movement distance, alveolar bone density changes,
and number of osteoclasts.

MATERIALS AND METHODS

Forty-five 8-week-old male Sprague-Dawley rats
(BioLASCO Taiwan Co, Ltd, Taipei, Taiwan) weighing
400–500 g were randomly divided into three groups—
group 1: micro-osteoperforation + orthodontic force
(MOP + F); group 2: corticision + orthodontic force (C +
F); and group 3 (control): orthodontic force only (F).

Ethical approval for the complete study protocol was
obtained from the Animal Center of Taipei Medical
University (No. LAC-2014-0083). All rats were housed
in the same room at constant room temperature (22uC
6 2uC), humidity (40%–70%), and a 12-hour:12-hour
light–dark cycle. They were fed a standard diet of hard
pellets and water.

Before orthodontic appliance delivery and surgery,
a single dose of 25 mg/kg tiletamine-zolazepam
(Zoletil 50, Virbac Inc, Carros, France) and 11.66
mg/kg xylazine (Rompum, Bayer Inc, Kyonggi-do,
Korea) was used intraperitoneally to induce general
anesthesia. In each rat, orthodontic force was applied
using two incisors as anchorage to move the left
maxillary first molar forward (Figure 1), and a closed-
coil nickel-titanium spring (Sentalloy Coil Springs,
Densply, Bohemia, NY, USA) was used to deliver a force
of 50 g. A 0.008-inch stainless steel ligature wire was
passed through the left maxillary first and second
molars. To prevent the closed-coil spring from being
dislodged, we tightly threaded the wire by using a pair
of ligature wire tying pliers (YS-506, YDM Co, Tokyo,
Japan). The other head of the closed-coil spring was
threaded using a second stainless wire and activated
to the left maxillary incisor. Before the wire was tied
to the incisors, grooves of 0.5 mm depth were
gingivally created on the distal and facial surfaces of
the two incisors to prevent the wire from slipping off the
incisors. For optimal reinforcement of the anchorage,
the two maxillary incisors were ligated together with
another wire. Furthermore, resin was applied to the two

incisors. Finally, the mandibular incisors were cut with
a disk to prevent appliance breakdown. The distance
between the left maxillary incisor and the left maxillary
first molar was measured weekly using a digital ruler
with a precision of 0.01 mm when the rats were under
anesthesia. The reduced distance between the upper
left first molar and incisor was regarded as the distance
by which the molar was moved forward. All measure-
ments were conducted three times by the same
investigator to eliminate bias, and the average value
was calculated.

Corticision was conducted on the line angle of the
palatal vault 5 mm mesial to the left maxillary first
molar (Figure 2). A blade (4 mm in length and 0.4 mm
in width) was positioned on the gingiva at the incision.
Subsequently, a hammer was used to gently push the
blade through the cortical bone until it reached the
cancellous bone. Rats in the MOP + F group received
three small perforations measuring 0.25 mm in di-
ameter and 0.25 mm in depth. These perforations
were created using a J round bur with a low-speed
handpiece. The distance between the perforations was
1 mm. Similar to the perforations in the corticision
group, the perforations were also positioned 5 mm
mesial to the first molar.

We used microcomputed tomography (micro-CT) to
examine the alterations in the bone volume fraction
(BV/TV), which is the ratio of the volume of mineralized
tissue considered to be bone (BV) to the total tissue
volume that is enclosed by the contours (TV), and the
bone mineral density (BMD) at weeks 3 and 6 (T3 and
T6, respectively).

The hemimaxillae were fixed in 10% formalin for 7
days to minimize tissue damage after removal of the
mandibles and disposal of the soft tissue. Subse-
quently, all specimens were subjected to micro-CT
scanning (SkyScan1176, Kontich, Aartselaar, Bel-
gium) at 65 kV and 385 mA. We used a standard
hydroxyapatite for measurement of the same param-
eters at baseline. The region of interest (ROI) was
mineralized tissue surrounding the left maxillary first
and second molars (Figure 3). The ROI encircled

Figure 1. Appliances used for molar protraction. (A) Intraoral view. (B) Occlusal view. (C) Lateral view.
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a cross section at the middle of the roots of the left
maxillary first and second molars. The bone density of
the region was defined as BV/TV. In addition, the BMD
was defined as the average mineral density of only
those voxels considered to be bone.

After micro-CT scans, all hemimaxillae were de-
calcified in 10% EDTA (ethylenediaminetetraacetic
acid) solution for 6 weeks. The samples were rinsed
under tap water for 3 hours. A cross section was made
at the middle of the roots. The specimens were
embedded in paraffin wax to obtain a section with
a thickness of 5 mm, and the sections were then
stained with hematoxylin and eosin (H&E). According
to previous studies,13,14 osteoclasts were morphologi-
cally identified as large multinucleated cells in close
contact with alveolar bone on H&E staining (Figure 4).
The area surrounding the mesiopalatal root of the left
maxillary first molar was divided into mesial and distal
halves, and osteoclasts in the mesial halves, that is,
the compression sides, were counted.

Statistically significant differences between the
control and experimental groups were assessed using
one-way analysis of variance. Post hoc Tukey tests
were performed to identify the significant differences
between the means. We used SAS version 9.4
software (SAS Institute Inc, Cary, NC, USA) or all
statistical analyses. A value of P , .05 indicated
a statistically significant difference.

RESULTS

The distance of orthodontic tooth movement in the
C + F and MOP + F groups (Figure 5A) was increased
compared with those in the F group at week 1 (T1);
however, the differences were not statistically signifi-
cant (P 5 .08). At week 2 (T2), the distance of tooth
movement in the C + F (1.43 6 0.38 mm) and MOP + F
(1.39 6 0.49 mm) groups was significantly greater
(P 5 .02) than that in the F group (0.93 6 0.49 mm).
The distance of total tooth movement was greater in

Figure 2. (A) Schematic of micro-osteoperforation and (B) corticision.

Figure 3. Micro-CT images depicting the ROI. (A) Lateral view of the left maxilla. A cross section was made at the middle of the roots (dotted

line). (B) Axial view of the cross section. The bone density of the experimental side (left) was lower than that of the contralateral side (right).

(C) The ROI encircled the roots of the first and the second molars, and the root images (dotted circled areas) were excluded.
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the two experimental groups than in the control group.
When we compared the two different surgical ap-
proaches used in the experimental groups, no signif-
icant differences were observed in the weekly tooth
movement between the MOP + F and C + F groups
within 6 weeks. When we converted the distances to
velocities, the velocities of orthodontic tooth movement
were higher in the experimental groups than in the
control group at T1 and T2; however, a significant
difference was observed only at T2 (Figure 5B).

The BV/TV decreased in the MOP + F (55.52 6

15.52%) and C + F (58.07 6 4.92%) groups at week 3
(T3) (Figure 6); however, the differences were not

statistically significant compared with the BV/TV in the
F group (60.56 6 11.45%). At week 6 (T6), the data
indicated that BV/TV decreased in all three groups,
with statistically significant differences (P 5 .02) among
the MOP + F (46.02 6 5.60%), C + F (54.6 6 9.21%),
and F (59.48 6 7.53%) groups.

Regarding the changes in BMD (Figure 6), we
determined a significant decrease in BMD (P , .05)
between both experimental groups and the control
group at T3 and T6. However, when we compared the
two surgical approaches, the changes in BMD were
not significantly different between the MOP + F and
C + F groups.

Figure 4. Osteoclasts were morphologically identified as large multinucleated cells on H&E staining. AB indicates alveolar bone; PDL,

periodontal ligament; and TR, tooth root. Arrows: osteoclasts.

Figure 5. (A) Distance of orthodontic tooth movement, P , .05, at T2. (B) Velocity of tooth movement (mm/week), P , .05, at T2.
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We also examined BV/TV and the BMD over the
contralateral sides (the right side of the maxilla). The
results indicated that the contralateral sides exhibited
higher values than the experimental sides (Table 1).
Furthermore, no differences were observed among the
groups and between the two time points (T3 and T6).
Thus, the orthodontic force with or without minor
surgery on the left side of the maxilla did not influence
the contralateral side.

The number of the osteoclasts was significantly
higher (P , .05) in the MOP + F and C + F groups
than in F group at T3 (Figure 7). At T6, no statistically
significant differences were observed. From H&E
stained sections, root resorption was more likely to
occur in the F group than in the MOP + F and C + F
groups (Figure 8) at T3 and T6. In addition, the
severity of root resorption was higher at T6 than at
T3 in all three groups.

DISCUSSION

The results of the present study reveal that the most
significant difference in the orthodontic tooth move-
ment distance occurred at week 2. This distance was

1.54 and 1.49 times faster in the C + F and MOP + F
groups, respectively, compared with the F group. The
amount of total tooth movement was 1.14 and 1.11
times greater in the MOP + F and C + F groups,
respectively, compared with the F group at week 6.
Furthermore, no significant difference was observed in
tooth movement between the MOP + F and C + F
groups at any time point throughout the experiment.

In a previous animal study by Teixeira et al.,11

orthodontic tooth movement on day 28 after three
micro-osteoperforations with flap surgery in experi-
mental rats was 2.13 times faster than in the control
group. Baloul et al.8 reported that tooth movement
was 1.3 times faster on day 42 after 10 micro-
osteoperforations with flap elevation in rats. Cho
et al.15 reported that the tooth movement distance
increased to 4.41 times and 2.44 times in the maxilla
and mandible, respectively, after applying 24 decorti-
cation dots with flap surgery in dogs. In the present
study, the results showed that the tooth movement
distance was 1.54 times and 1.11 times faster in the
C + F group than in the control group at week 3 and
week 6, respectively, and these values are less than
those observed in previous studies. The possible
reason for this discrepancy might be that the magni-
tude of the RAP is proportional to the magnitude of the
insult.16 Our flapless surgical operations caused fewer
injuries, leading to less tooth movement acceleration.

The peak tooth movement velocity was observed in
all three groups at week 1 (T1), implying that this was
the initial phase of orthodontics tooth movement.17

From T1 to T2, all three groups exhibited a decreased
velocity of orthodontic tooth movement, implying a lag
phase.17,18 However, this result is not consistent with
that of Baloul et al.,8 who determined that only the
control group (without decortication) exhibited a lag

Figure 6. BV/TV and BMD (*P , .05). Our results showed that BV/TV decreased in the MOP + F and C + F groups compared with the F group at

T3. Moreover, a statistically significant difference (P 5 .02) was observed between the MOP + F and F groups at T6. The BMD decreased

significantly (P , .05) in the MOP + F and C + F groups at both time points.

Table 1. BV/TV and BMD Over the Contralateral Side at 3 Weeks

(T3) and 6 Weeks (T6) After Force Applicationa

BV/TV(%) BMD (mg/cm3)

Group T3 T6 T3 T6

MOP + F 86.2 85.9 632 618

C + F 78.9 84.4 585 540

F 79.5 82.8 595 592

a BV/TV indicates bone volume/tissue volume; BMD, bone mineral

density; MOP + F, micro-osteoperforation and orthodontic force;

C + F, corticision and orthodontic force; and F, orthodontic force only

(control).
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phase. They used rat models and applied an ortho-
dontic force of 25 g to observe the effects of flap and
multiple micro-osteoperforation surgery, inducing
a more severe injury with a lighter force; therefore,
a lag phase might not have appeared. Our result is
consistent with that of Mostafa et al.,19 who reported
that the experimental and control groups exhibited
a similar orthodontic tooth movement pattern: initial,
lag, and postlag phase. However, Mostafa et al. used
400 g of force, an unusually heavy force that might
have induced a lag phase in their study on dogs. The
results are consistent possibly because an orthodontic

force of 50 g was applied in the present study. A heavy
force for rats possibly caused the compression and
hyalinization of the periodontal; ligament, inducing
a lag phase in all three groups.

Rats subjected to both micro-osteoperforation and
corticision showed significant declines (P , .05) in
BMD at T3 and T6. Reduced bone mineralization may
indicate a highly active bone catabolism. Furthermore,
this indicates that the RAP occurred after the two
surgical operations.

As per our histologic examination results, the
osteoclast activity in the experimental groups was
higher than that in the control group. Moreover, minor
surgeries resulted in lesser root resorption than occurs
in conventional orthodontic tooth movement. This
phenomenon is notable but may require verification
in future studies.

Some studies16,20,21 have concluded that the RAP
occurs approximately 4 months after corticotomy.
However, in the present study, the RAP was observed
within 2 weeks after flapless micro-osteoperforation
and corticision in rats. The limited duration of the RAP
indicates that second or third surgical operations may
be required for reinducing RAP and ensuring faster
orthodontic tooth movement. Therefore, we may be
required to conduct minor surgical operations only over
limited mouth regions rather than the entire mouth, for
example, large space closure, molar protraction, molar
intrusion, wisdom teeth uprighting or protraction,

Figure 7. Number of osteoclasts. The number of osteoclasts

increased significantly in the MOP + F and C + F groups at T3.

Figure 8. Arrows indicating root resorption in H&E-stained sections. Upper row: T3; Lower row: T6.
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unilateral arch expansion, and difficulty in moving the
teeth.

Considering the differences in tissue structure, life
cycle, and physiological responses for tooth movement
between humans and rats, the optimal biomechanical
force systems required for humans are unknown, and
the optimal interval between each appointment war-
rants further explanation. Therefore, additional studies
must be conducted to identify the effects of flapless
micro-osteoperforation and corticision on humans.

CONCLUSIONS

N The two minor flapless surgical operations increased
bone remodeling and osteoclast activity and induced
faster orthodontic tooth movement for at least 2
weeks in rats.

N No obvious differences were observed between
flapless micro-osteoperforation and corticision in rats.
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