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ABSTRACT
Objectives: The objective was to evaluate the effect of corticotomy/corticectomy surgery combined with fixed appliances
on tooth movement during the canine retraction phase. Materials and Methods: We assessed 13 postpubertal patients
(3 males and 10 females) requiring extraction of both maxillary first premolars. One side of the upper dental arch was
treated with a PG retraction spring as a control, while the other side was treated with combined corticotomy/corticectomy
surgery and a PG spring. A force of 100 g was used for canine retraction on both sides, with activation of the spring
monthly on the control side and once every 15 days on the combined treatment side. A paired t-test was used to assess
the difference between the two sides. Results: There was a small but statistically significant reduction in the duration
of canine retraction (P < 0.05) and an increase in the rate of canine retraction (P < 0.05) (mm/month) in the combined
treatment group. No difference in anchorage loss was observed between the groups. Tipping per millimeter of retraction
was significantly different between the groups (P < 0.05). Conclusion: Corticotomy-assisted orthodontics increased the
rate of tooth movement during canine retraction in 20% ratio. Relative bodily tooth movement was achieved with the
corticotomy combined treatment.
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Introduction
Incorporation of corticotomy into orthodontic treatment is
claimed to allow faster tooth movement, thereby making it
possible to shorten treatment time and increase the quality
of orthodontic services to adult patients.[1-5] Acceleration
in the rate of tooth movement may occur because the
resistance of the dense cortical bone to orthodontic tooth
movement is disrupted.[6,7] Suya[1] described orthodontic
tooth movement involving corticotomy as a process
of moving blocks of bone rather than moving only the
teeth themselves. Recently Wilcko et al.[4,8] attributed this
movement to a regional acceleratory phenomenon (RAP)
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which is characterized by alterations within the periodontal
ligament (PDL) and an increase in bone turnover, as
well as the demineralization process that occurs in the
cancellous bone surrounding the tooth socket. Based on
the histological results showing that RAP accelerates the
appearance of macrophages 1 week after the initiation
of orthodontic forces. In another view, Mathews and
Kokich[9] proposed that the acceleration in the rate of tooth
movement is due to the earlier removal of hyaline, which
allows earlier bone resorption.
In addition, it is claimed that the teeth may be more stable
after this type of combined treatment and that relapse
is less likely because of the minimal disruption to the
PDL by osteoclastic activity.[1-3,6] In addition, the callus
formed as the bone heals may further increase stability.[1-3]
Wilcko et al.[8,10] suggested that the stability of orthodontic
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treatment provided may be due to the increased thickness
of the alveolar cortices caused by bone grafting of the
facial and lingual cortical plates, as well as the loss of
tissue memory resulting from the high tissue turnover of
the periodontium.
These reported benefits suggest that surgery combined
with orthodontic treatment during the canine retraction
phase may be useful both for reducing the treatment time
and the risk of root resorption. Combined treatment in
canine retraction was first defined by Kole[11] in 1959.
To improve canine retraction he applied a vertical cut
to the mandibular canine’s mesial interproximal cortex.
Later on in their case report Gantes et al.[2] described the
application of a U-shaped corticotomy to the maxillary
canine, and an ostectomy both buccally and palatally
to the first premolar extraction socket. In addition,
Wilcko et al. [4,8] applied bone grafting according to
the periodontally accelerated osteogenic orthodontics
protocol after corticotomy.
In the literature, different types of alveolar surgery
techniques combined with orthodontic treatment were
reported during canine retraction phase,[2,3,5,8-15] but few of
them were clinical studies with statistical evaluations.[5,12-15]
As suggested by Mathews and Kokich,[9] there is a need
for further research measuring the quality of combined
treatment relative to the time of treatment.
There is no clinical study evaluating the effects of U-shaped
corticotomy combined canine retraction with sectional
retraction springs.
The present study was designed to evaluate the effect on
tooth movement of U-shaped corticotomy/corticectomy
surgery combined with sectional retraction springs
applied to canines during the canine retraction phase. It
was hypothesized that with the surgery combined canine
retraction method canine retraction would be achieved
in a shorter period of time with reduced anchorage loss
compared with conventional method.

sample size of 13 patients per group, at α = 0.05, yielded
a statistical power close to 0.80.
Written informed consent was obtained from each subject
following a detailed explanation of the objectives and
protocol of the study, which was conducted in accordance
with the ethical principles stated in the Declaration of
Helsinki and approved by the Ethics Committee of Gazi
University.

Study design and procedures
One side of the upper dental arch was selected as the
control side, to which only a retraction mechanism was
applied; the other side (combined treatment side) was
treated with combined corticotomy/corticectomy surgery
and the same retraction mechanism.
Before the surgery, the root length of the canine was
evaluated using a periapical radiograph taken with a
reference arch bonded on the canine.
The same periodontist performed all surgery under sterile
conditions. After infiltrative anesthesia, a buccal and palatal
mucoperiosteal flap was reflected between the lateral
incisors and first molar teeth on the combined treatment
side. Using high speed fissure and round burs with
generous irrigation, buccal and palatal corticotomy was
undertaken to the canine tooth by creating two vertical cuts
beginning 2-3 mm below the crest of the mesial and distal
interproximal alveolar bone and extending 2 mm beyond
the apex, and a horizontal cut connecting the vertical cuts
[Figure 1a and b]. The depth of the cuts was limited to the
cortical layer to preserve all the spongy bone. In addition,
after extraction of the first premolar tooth, buccal and
palatal corticectomy was applied to the cortical layer of
the extraction socket [Figure 1b]. After surgery, antibiotics

Materials and Methods
A total of 13 postpubertal adolescent patients
(3 male, 10 female) with a mean age of 17 years 8 months
(±1 year 10 months), whose upper first premolars were
indicated to be extracted, were included in this study.
Inclusion criteria were: No requirement for maximum
anchorage, no requirement for alignment in the posterior
region, no skeletal anomalies, and no periodontal or
systemic problems that may contraindicate surgery. The
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Figure 1: (a) Corticotomy applied to the canine (b) corticectomy applied
to the extraction socket
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(Cliacin® 1,200,000 IU [2 × 1]), anti-inflammatory drugs
(Dolorex®), and chlorhexidine were given to patients for
prophylaxis.
One week after the first premolar extraction on the control
side and surgery on the opposite side, Paul Gjessing’s PG
canine retraction spring[16,17] was inserted and the helix
strands were separated by 1 mm [Figure 2]. A force of
100 gas validated by a gauge was used for canine retraction
on both sides. Activation of the PG spring was undertaken
monthly on the control side and once every 15 days on the
surgery side as recommended in each technique.[1-3,16-18] At
the end of the 1st month, the springs on both sides were
removed, the deformations were controlled and the springs
were applied again. No further control was carried out
during retraction.

Figure 2: Clinical application of the PG spring and the activation process

The study was terminated when the required retraction
of the canine was obtained. Model casts and lateral
cephalometric and periapical radiographs were obtained
before and after retraction.
Cephalometric radiographs were taken for left and right
sides separately with the reference arches on the first
molars and canines. Structures and reference points
necessary for evaluation were traced and marked by the
same investigator. Five linear and two angular parameters
were measured [Figure 3]. The 8% magnification of the
cephalographs that may have affected the measurements
was disregarded.

Figure 3: Linear and angular measurements on lateral cephalographs.
(1) 3csag, (2) 3cver, (3) 6 mtsag, (4) 6 mtver, (5) 6dtver, (6) 3/PP,
(7) 6/PP

On the model casts, two angular parameters were evaluated
using the occlusogram method[19] [Figure 4].
Three more parameters, mm/month, 3tip/ret (°/mm), and
6tip/anc (°/mm) were derived from those measured directly
on the model casts and lateral cephalographs.[20,21]
The dates for the start and end of canine retraction were
also recorded.
After a 15-day interval 15 cephalographs and 15 model
casts were randomly selected and all superimpositions and
measurements were repeated.

Statistical analysis
Statistical analysis was undertaken by SPSS version 13.0
(SPSS Inc., Chicago, IL, USA). The error of the method
and the intraobserver reliability were determined by the
Dahlberg’s formula[22] and paired t-test. Paired t-test was
used to evaluate the intra- and inter-group differences
as well. A level of P < 0.05 was considered statistically
significant.
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Figure 4: Angular measurements on model photocopies. (8) Crot°,
(9) Mrot°

Results
In this study, the sample size of 13 patients per group,
at α = 0.05, yielded a statistical power close to 0.80.
The method error did not exceed 0.25 mm and 0.5°
for any of the variables investigated and the duplicated
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measurements by the same investigator were not
significantly different.
No complications occurred during or after the surgery. The
periodontium returned to its healthy appearance within
a week.
There were no differences in initial canine and molar
positions and tips between the groups [Table 1].
No significant difference was found for canine crown
retraction (3csag) between the groups [Table 2].
The mean (standard deviation) duration of canine retraction
was significantly shorter in the combined treatment group
(153 days) compared with the control group (184.8 days)
[P < 0.05; Table 3].
The rate of canine retraction (mm/month) was significantly
higher in the combined treatment group (1.05 mm/month)
than the control group (0.92 mm/month) [P < 0.05; Table 3].
In both groups, loss of anchorage occurred through mesial
movement of the crown (6 mtsag) [Table 2].
When vertical movement of the canines (3cver) was
evaluated; canine crowns were on average slightly extruded
in both groups. First molar mesial cusp (6 mtver) was
intruded in both groups. However, the distal cusp of the
first molar (6dtver) was extruded. No significant differences
were found in the vertical movement of the molar and
canine crowns between the groups [Table 2]. The canines
rotated (Crot°) mesiobuccally in both groups. In contrast,
molars rotated (Mrot°) differently in each group. Although
on average the molars showed 0.62° of mesiopalatal
rotation in the combined treatment group, and 1.46° of
mesiobuccal rotation in the control group, the difference
was not statistically significant [Table 2].
On average, the canines tipped (3/PP) distally and the first
molars tipped (6/PP) mesially in both groups. There were no
significant differences in molar and canine tipping between
the groups [Table 2]. While the mean degree of tipping per
millimeter of canine retraction (3tip/ret) distally differed
significantly between the combined treatment group (1.55°/
mm) and the control group (1.96°/mm) (P < 0.05); no
significant difference was found in tipping per millimeter of
anchorage loss (6tip/anc) between the two groups [Table 3].

Discussion
The aim of this study was to determine the extent to
which cortical bone resistance affected tooth movement
184

Table 1: Mean values of the ini al ver cal posi on and p
of the canine and first molar at the beginning of canine
retrac on in control and combined treatment groups (n = 13)
Measurements

3cver (mm)
6mtver (mm)
6dtver (mm)
3/PP (°)
6/PP (°)

Mean ± SD
Combined
Control
Combined
treatment
group
treatment
group
versus control
29.71±0.91 29.25±0.94
0.46±0.59
27.75±1.10 26.62±0.67
1.14±0.78
25.56±0.90 25.27±0.82
0.29±0.70
100.62±1.60 102.08±1.65 −1.46±0.74
83.92±1.65 83.50±1.73
0.42±0.83

P

0.45
0.17
0.69
0.071
0.62

SD: Standard deviation

Table 2: Mean changes during canine retrac on in control
and combined treatment groups (n = 13)
Measurements

3csag (mm)
3cver (mm)
6mtsag (mm)
6mtver (mm)
6dtver (mm)
3/PP (°)
6/PP (°)
Crot (°)
Mrot (°)

Combined
treatment
group
5.27±0.26
0.21±0.28
−2.06±0.21
−0.06±0.10
0.44±0.08
−8.12±0.53
3.81±0.72
−26.00±2.36
0.62±1.25

Mean ± SD
Control
group

Combined
treatment
versus control
5.04±0.23
0.23±0.28
0.31±0.75
−0.10±0.32
−2.54±0.26
0.48±0.28
−0.29±0.12
0.23±0.17
0.06±0.16
0.39±0.22
−9.77±0.80
1.65±1.11
2.77±0.79
1.04±1.16
−28.12±2.42 −2.12±3.34
−1.46±1.46
−2.08±1.93

P

0.43
0.77
0.12
0.20
0.11
0.16
0.39
0.54
0.30

A minus sign indicates intrusive and forward movement, distal tipping; A positive sign
indicates extrusive and backward movement, mesial tipping. SD: Standard deviation

Table 3: Mean retrac on me and mean changes
for the derived parameters in the combined treatment
and control groups during canine retrac on (n = 13)
Measurements

Mean ± SD
Combined
Control
Combined
treatment
group
treatment
group
versus control
Time (day)
153.00±10.90 184.80±17.60 −31.80±12.70
1.05±0.08
0.92±0.10
0.13±0.06
mm/month†
3tip/ret (°/mm) 1.55±0.09
1.96±0.16
−0.40±0.16
6tip/anc (°/mm) 1.64±0.41
1.32±0.42
0.32±0.65
†

P

0.028*
0.039*
0.027*
0.63

Month: 30 days, *P < 0.05. SD: Standard deviation

during the canine retraction phase. In view of the benefits
of surgery to the dentoalveolar process combined with
orthodontic treatment methods on postadolescents and
adults,[1-3] corticotomy/corticectomy methods were used
to decrease canine retraction time with desirable tooth
movement.
The surgical technique used in this study was differed
from the techniques of interseptal bone reduction, [12]
micro-osteoperforations, [13] a series of small cortical
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perforations[5,14] that were used by other researchers. In
this study, buccal and palatal corticotomy was undertaken
to the maxillary canine tooth by applying two vertical
cuts and one horizontal cut connecting the vertical cuts,
similar to the technique described by Gantes et al.[2] and
Anholm et al.[3] However, unlike them buccal and palatal
corticectomy rather than ostectomy was applied to the
cortical layer of the extraction socket after extraction of
the first premolar; because after ostectomy the socket
osteogenesis could have been inadequate and bone
loss could have occurred. Because corticotomy and
corticectomy preserved the spongy bone, no bone loss
was observed in this study. In addition, no grafting was
applied over the corticated bone, unlike Wilcko et al.[4,8]
Some authors[1-3,5,15] advocate applying the orthodontic force
immediately after the corticotomy because osteoblastic
activity starts 2 weeks to a month after surgery; in other
words, the blocks of bone created by the corticotomy
start to connect. Itoh et al.,[23] however, advised that the
orthodontic force application should commence after the
reactive inflammation caused by the surgery disappears.
Similarly, Kole[11] applied the force 8 days after the surgery.
Wilcko et al.[8] advocate applying the force 1 month after
the surgery and bone grafting procedure. In this study, in
a similar procedure to those of Kole[11] and Itoh et al.[23]
the force was applied 1 week after the surgery to allow
wound healing to occur and to eliminate the discomfort
caused by the surgery.
A non-frictional system was preferred for canine
retraction because it exerts a more constant force than
a frictional system, eliminating any effect of the incisors
on tooth movement. In addition, friction may cause a
delay in canine retraction, contradicting the principal
aim of the present study which was the achievement of
optimal speed of tooth movement.[16,21] Differently, other
researchers[5,13-15] used frictional systems in which canines
were retracted by closed coil springs or elastic chains on
continuous arches.
Given that osteogenesis starts after the surgery[1,13,24] and
despite Gjessing’s[16,17] recommendation, in this study the
PG spring was applied without waiting for the leveling
phase so as not to lose the advantages of surgery. As
patients without severe alignment needs were included
in this study, we encountered no problems with the
construction of springs. Similarly, Gantes et al.[2] used
sectional arches (reverse closing loops) for canine
retraction without leveling after the corticotomy and
ostectomy in their study, while others[5,14,15] waited for
the completion of the leveling and alignment phase of
Journal of Orthodontic Research | Sep-Dec 2015 | Vol 3 | Issue 3

the treatment, before undertaking the corticotomy and
starting canine retraction.
If adjustment of the orthodontic force is undertaken at
intervals of 3-4 weeks, the process of tooth movement will
be delayed and healing of the alveolar bone may occur.[1]
Therefore, as recommended[1,3] the springs were activated
every 15 days in the combined treatment group. However,
for the control group it was thought that activation every
15 days could cause hyalinization[16-18] and delay tooth
movement, so activation was carried out monthly. In
another word in control group, conventional canine
retraction process was applied with retractions springs.
Every 15 days, the activation of the springs was evaluated
and determined to be nearly deactivated in the combined
treatment group although they were still active in the
control group. It is claimed that corticotomy combined
orthodontic treatment requires a greater magnitude of
force than other treatment techniques.[1-3,24] By contrast,
Itoh et al.[23] maintained that because the main source of
resistance was reduced by surgery and the remodeling
of the surrounding bone was facilitated, a light force of
160 g was sufficient. Other researchers[5,13-15] applied the
range of 100-200 g force for maxillary canine retraction
in their study. Higher levels of force could not be applied
in this study design because of the risk of hyalinization
on the control side. Therefore, in line with Gjessing’s[17]
recommendation, we used a light force of 100 g on both
the combined treatment side and the control side.
The findings of this study revealed that U-shaped
corticotomy combined with fixed orthodontic treatment
significantly reduced the duration of canine retraction and
significantly increased the speed of retraction (mm/month).
Accordingly, retraction duration was significantly reduced
in this study population in a 1/5 ratio as Ascher[25] reported,
not in a 1/2 ratio as reported by others[1-3] who used greater
force and different surgical techniques in their trials. The
result of this study is also differentiated from the other
studies who achieved tooth movement that was 2 or 3 times
faster than the control with a force level 100-200 g.[5,14,15]
The reduction in treatment time in this study may differ
from other studies because of differences in the levels of
force, retraction mechanics and surgical methods used. The
rapid rate of the canine retraction in this study might be due
to the RAP rather than bony block movement. Although
bone blocks surrounding the canines were created, the
force level was not high enough as recommended to move
the block bones. However, further studies are needed; for
evaluating the histological background and for evaluating
the effect of higher forces.
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This study was limited to evaluate the canine retraction
time rather than total treatment time. The effect of this
combined treatment to total treatment time was not tested.
It might be hypothesized that; surgery results in disruption
of cortical bone resistance around the canine, while, in the
posterior region the cortical bone resistance is unaffected
and cortical anchorage is preserved. As differential
anchorage is occurring during canine retraction, the
segmental retraction spring will produce different effects in
the anterior and posterior regions and the molar anchorage
loss may be reduced.[16,17,21,26-28] However, the results of
this study did not support this hypothesis. In the combined
treatment group, mesial movement of the molar crown
was less than in the control group, but this difference was
not significant. This result is inconcomitant with Abed
and Al-Bustani[14] who reported no difference in molar
anchorage loss between corticotomy and control sides.
Differently, Aboul-Ela et al.[5] reported that no significant
anchorage loss occurred on either side in their study. This
result can most likely be attributed to the efficiency of the
miniscrew implants used for anchorage control in their
study rather than the effect of corticotomy.

on the combined treatment side and the control side. The
Roth tubes used in our study have a prefabricated distal
offset which can produce the mesiobuccal rotation that
was found on the control side. However, mesiopalatal
rotation was observed on the combined treatment side.
These differences in rotation between the two sides may
be a result of individual patient variation. On both sides,
individual differences were seen in almost all parameters
that may be due to variation in bone density or the
metabolic activities of bone and periodontium (PDL
turnover speed).[18-23]

Conclusion
1. The duration of canine retraction was reduced
significantly in a 20% ratio by the corticotomy
combined treatment.
2. No difference was evident between the groups in terms
of anchorage loss.
3. Relatively more bodily tooth movement was achieved
by corticotomy combined retraction.
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During retraction, the canines showed extrusion on both
sides in our study. Because no leveling was undertaken, the
canines were mostly in the vestibulogingival position at the
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