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Abstract

Background and Objectives: The average orthodontic treatment time for extraction 
therapy is 31 months. One of the main disadvantages of orthodontic treatment is time. 
Alveolar corticotomies have been used in conjunction with orthodontics to reduce 
the treatment time by increasing the rate of tooth movement. Concerns about the 
possible risks of corticotomy procedure have led to the modification of this technique. 
Germeç et al. reported a case treated by their modified corticotomy technique and 
noted reduced treatment time without any adverse effects on the periodontium and 
the vitality of teeth with their new conservative corticotomy technique. This study 
was undertaken to clinically evaluate the efficacy of the aforesaid technique. Materials 
and Methods: A split-mouth study design was carried out to compare the rate 
of maxillary canine movement with and without modified corticotomy facilitated 
orthodontic treatment in 10 patients requiring maxillary first premolar extractions. 
The modified corticotomy procedure was performed on the maxillary arch unilaterally. 
The upper arch was immediately activated bilaterally after surgical procedure using 
equal orthodontic forces for retraction of the maxillary canines. The amount of 
tooth movement was recorded at an interval of every month till the completion of 
canine retraction. The rate of canine movement on experimental and control site 
was compared. The patients were followed for 6 months to check the occurrence of 
undesired effects such as root resorption, periodontal damage and loss of vitality of 
teeth on the experimental side. Results: Higher mean velocity was observed in canines 
with modified corticotomy facilitated retraction compared to conventionally retracted 
canines; with the difference in mean velocity between the two groups was found to be 
clinically significant as well as statistically significant (P < 0.001). Interpretation and 
Conclusion: The results suggested that modified corticotomy technique serves as an 
effective and safe way to accelerate orthodontic tooth movement, without adversely 
affecting the periodontium, root resorption, and the vitality of the teeth, as concluded 
by clinical and radiographic examination.
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INTRODUCTION

Many surgical procedures have been combined with 
conventional orthodontics for improved and speedy 
treatment. Surgical alveolar corticotomy have been used for 
years as an adjuvant in orthodontic treatment. The purpose 
of  using corticotomy is proposed to be shortened retraction 
time. In literature, the term corticotomy is vaguely defi ned 
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and is often confused with osteotomy. The corticotomy 
procedure is a surgical technique in which a fi ssure or bur 
hole is made through both the buccal and/or lingual cortical 
plates that surround the tooth, so that the tooth sits in a 
block of  bone connected to other teeth and structures 
only through the medullary bone. In contrast, osteotomy is 
defi ned as cuts though the entire thickness of  both buccal 
and lingual cortical plates and the interposed medullary 
bone, potentially creating a mobilized segment of  bone.

The original corticotomy technique described by Kole in 
1959 was a combination of  inter-radicular corticotomies 
and supra-apical osteotomies.[1] Since the pioneering work 
of  Kole, many clinicians have performed the procedure 
and reported similar outcomes.[2-4] Corticotomies have 
been applied to a variety of  treatment modalities, 
such as retraction of  the anterior teeth for bimaxillary 
dentoalveolar protrusion in combination with skeletal 
anchorage,[5,6] intrusion of  overerrupted molars with 
magnets[6] or miniplates,[7] molar distalization to correct 
class II malocclusion,[7,8] closing of  anterior open bite[3,4,9,10] 
and correction of  cross bites,[11,12] exposure of  palatally 
impacted canines,[13] maxillary or mandibular posterior 
displacement of  anterior alveolar segment.[14,15]

Much of  the literature on corticotomy is largely based 
on empirical evidence and case reports. Long-term 
controlled clinical trials are needed to evaluate effi cacy, 
the advantages and disadvantages of  this technique. This 
study was undertaken to compare the rate of  maxillary 
canine movement with and without modifi ed corticotomy 
facilitated orthodontic treatment. Modifi ed corticotomy 
facilitated orthodontic treatment; proposed by Germeç 
et al.[2] in 2006, is a relatively new treatment in the 
orthodontic realm. It promises to radically shorten the time 
of  orthodontic treatment with an oral surgical procedure.

To date, there have been no extensive studies evaluating this 
effi cacy of  this technique. Hence, this study has been taken 
up to comparing the rate of  maxillary canine movement 
with and without modified corticotomy facilitated 
orthodontic treatment.

MATERIALS AND METHODS

A split mouth design was followed. A sample size of  10 
patients and 20 sites were selected. A random sampling 
method was followed for sampling. The patients having 
large overjet, requiring maxillary fi rst premolar extractions, 
undergoing fi xed orthodontic treatment with preadjusted 
edgewise appliance were selected. All patients were within 
age group of  18-35 years. Patients having alveolar bone 
loss, periodontal disease and with diseases like rheumatoid 

arthritis that require regular doses of  nonsteroidal 
anti-infl ammatory drugs, which interfere with the rate of  
orthodontic tooth movement[16] were excluded.

All the patients were started with the routine orthodontic 
treatment procedure using preadjusted edgewise appliance. 
Before orthodontic leveling and alignment, upper 
fi rst premolar extractions were carried out under local 
anesthesia. Patients were explained regarding the study, 
about surgical procedure and an informed consent was 
obtained. Pretreatment orthopantomogram and intra oral 
peri-apical radiograph in relation to the maxillary canine 
and maxillary second premolar teeth from experimental 
was obtained [Figure 1]. The extraction space having more 
distance to be traveled by maxillary canine was selected as 
an experimental site so as to gain the benefi t of  proposed 
advantage of  the technique. All the procedures were carried 
out by the same operator using standard surgical technique.

The vertical guideline bur holes were performed on 
the buccal cortex, distal to canine and mesial to second 
premolar, with a 0.5 mm diameter surgical bur. These bur 
holes extended through the cortical bone, just minimally 
penetrating into the spongiosa. A chisel was then used to 
connect these bur holes and to reach the lingual cortical 
bone from labial side [Figure 2].

In this modifi ed corticotomy technique, lingual supra-apical 
horizontal and lingual vertical cuts were not be performed. 
After bleeding control, the fl ap was repositioned and closed 
primarily.

The upper arch was immediately activated after surgical 
procedure because the time span between surgery and 
tooth movement is critical.[2] Equal orthodontic forces 
were applied bilaterally with the help of  Dontrix gauge. 
The amount of  the tooth movement was recorded at an 
interval of  every month till the completion of  the canine 
retraction. The rate of  canine movement on experimental 
and control site was compared. The patients were followed 
for 6 months to check the occurrence of  undesired effects 
such as root resorption, periodontal damage and loss of  
vitality of  teeth on the experimental side [Figure 3].

RESULTS

This study was conducted to compare the rate of  maxillary 
canine movement with and without modifi ed corticotomy. 
The baseline readings in millimeters up to the fi rst decimal 
were recorded on both the extraction spaces of  bilateral 
fi rst premolars. The space having more distance to be 
traveled by the canine for the completion of  retraction was 
selected as the experimental site whereas the other site was 
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selected as a control site. The space present on both the 
sites was recorded for both the groups at baseline as well 
as at an interval of  1 month.

The velocity or the rate of  tooth movement (mm/month) 
was calculated in the samples of  both the modified 
corticotomy as well as conventional groups and was 
recorded [Table 1].

This data were subjected to statistical analysis to compare 
the velocity or the rate of  tooth movement (mm/
month) between the two groups; and the paired t-test was 
applied [Graph 1].

Higher mean velocity (mm/month) is recorded in modifi ed 
corticotomy group compared to the conventional group. 
The difference in mean velocity between the two groups 
is found to be statistically signifi cant (P < 0.001) [Table 2].

DISCUSSION

The average orthodontic treatment time for extraction 
therapy is 31 months.[2,17,18] One of  the main disadvantages 
of  orthodontic treatment is time. Unfortunately, many 
potential orthodontic patients jeopardize their dental health 
and decline treatment, due to this long treatment times 
and the multitude of  appointments that are required. Also, 
lengthy orthodontic treatment time has been linked to an 
increased risk of  root resorption, gingival infl ammation, 
decalcifi cation, and dental caries.[19,20] Therefore, reducing 
the treatment time is an appropriate goal, which requires 
increasing the rate of  tooth movement. To shorten the time 
for orthodontic tooth movement, various attempts have 
been made. These attempts fall into three categories. The 
fi rst is local or systemic administration of  medicines.[21-25] 
The second category is mechanical or physical stimulation 
such as direct electrical current[26] or a samarium-cobalt 
magnet.[27] The last category is oral surgery, including dental 
distraction,[28] alveolar surgeries to undermine interseptal 
bone[29] and alveolar corticotomies, which have been used 
in conjunction with orthodontics to correct malocclusions 
for over many years.

Concerns about the possible risks of  corticotomy 
procedure have led to the modifi cation of  this technique. 
The original technique described by Kole included a 
combined interradicular corticotomy and supra-apical 

Figure 1: Preoperative intra oral peri-apical radiograph

Figure 2: Defi ned segment of cortical bone distal to canine

Figure 3: Six months postretraction intra oral peri-apical radiograph

Table 1: The velocity of tooth movement 
(mm/month)
Subject 
number

Modifi ed 
corticotomy

Conventional

Subject 1 1.20 0.93
Subject 2 1.00 0.85
Subject 3 1.00 0.78
Subject 4 0.99 0.74
Subject 5 1.00 0.77
Subject 6 0.98 0.76
Subject 7 0.99 0.76
Subject 8 1.20 0.92
Subject 9 1.00 0.75
Subject 10 0.86 0.80
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osteotomy. Although the results of  the Kole osteotomies 
were stable, pulp mortifi cations were not rare.[2] Later, 
the supra-apical osteotomy was replaced by corticotomy, 
and labial and lingual corticotomy cuts were used to 
circumscribe the roots of  the teeth.[3,30] Generally, the 
conventional corticotomy techniques include both labial 
and lingual cuts[3,4,30] and sometimes require two-stage 
surgery.[3,31] Some animal experiments and case reports 
regarding the effects of  segmental alveolar movement 
after corticotomy revealed no damages in the pulp and 
no adverse effects on the periodontium of  the teeth.[4,16,30] 
It was also reported that reactive infl ammation of  pulp 
and vacuolar degeneration in maxillary anterior teeth were 
observed after protraction with two-stage corticotomy in 
the maxilla.[32] Ozturg et al.[33] reported that ischemia of  the 
pulp can occur following corticotomy at the Le Fort I level 
and concluded that corticotomy 5 mm above the dental 
apices did not have any serious effect on pulpal blood fl ow. 
However, in modifi ed mandibular corticotomy technique, 
which was used in this study, the lingual vertical and supra-
apical horizontal cuts were not performed and lingual fl ap 
was not elevated, so as to support the blood supply of  the 
dentoalveolar region by lingual mucosa, whereas the access 
to the lingual cortical bone was achieved from the labial 
side. In this study, pulp vitality of  the maxillary canine and 
maxillary second premolar on the corticotomy side was 
checked in all subjects, 6 months after the completion of  
canine retraction using electronic pulp vitality tester. No 
loss of  vitality was noted with any of  the teeth.

In the developmental process of  corticotomy procedure, 
the marginal bone was excluded from the operation side 

in an attempt to protect the crestal bone and periodontal 
membrane, which may be highly vulnerable after subapical 
osteotomies accompanied by vertical corticotomies.[16] 
In accordance with these instructions, the vertical cuts 
were advised to begin 2-3 mm below the alveolar crest 
in a technique proposed by Suya.[34] However, in this 
study, because the crestal bone and the periodontal 
membrane were supported by the intact lingual mucosa, 
the vertical cuts were extended to the gingival margin 
on the buccal side with no adverse effects at the end of  
treatment. Subjects were followed 6 months after the 
completion of  canine retraction. Intraoral examination 
was carried out to check for the occurrence of  any 
obvious periodontal damage. Orthopantomogram as well 
as intraoral periapical radiographs of  the dentoalveolar 
segment on the experimental side was obtained. There 
was no clinical evidence of  gingival recession, tooth 
mobility or radiographic evidence of  root resorption or 
any periodontal damage.

The conventional corticotomy techniques sometimes 
require two-stage surgery.[3,31] Although the clinical healing 
was uneventful in these conventional techniques, some 
complications such as subcutaneous hematomas of  the face 
and the neck could occur after intensive corticotomies.[30] 
In the present study, no such complication was observed. 
The advantages of  this technique over conventional 
techniques are:
1. It is a conservative surgery, with the elimination of  

lingual fl ap elevation and subsequent lingual vertical 
and subapical horizontal cuts

2. It is a one stage surgery
3. Reduction of  the operation time and
4. Reduced postoperative patient discomfort

Corticotomy has been proposed as an alternative to 
conventional orthodontic treatment in diffi cult adult cases 
for rapid tooth movement. Chung et al. reported that 
the complete retraction of  anterior teeth combined with 
corticotomy in a case with severe bimaxillary protrusion 
took <3½ months.[3] According to clinical observations 
of  Duker, the required position of  teeth after corticotomy 
could be achieved even earlier than 1½-3 months.[16] Gantes 
et al. observed approximately 50% reduction in orthodontic 
treatment time in corticotomy-facilitated orthodontics.[30] 
Fischer noted a reduction of  orthodontic treatment time 
of  28-33% with corticotomy-assisted exposure of  palatally 
impacted canines.[13]

In this study, when the rates of  canine movement were 
evaluated, extrapolation of  the velocities revealed that 
the modifi ed corticotomy assisted canines, moved at a 
rate of  1.02 mm/month versus 0.81 mm/month for the 
conventionally retracted canines. The difference in mean 

Table 2: Statistical analysis of velocity of tooth 
movement (mm/month) between the two groups
Group n Mean SD Mean 

difference
t P

Modifi ed 
corticotomy

10 1.02 0.10 0.216 5.488 <0.001*

Conventional 10 0.81 0.07
*Statistically signifi cant diff erence; SD — Standard deviation

Graph 1: Velocity (mm/month) in the two groups for each subject
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velocity between the two groups was found to be clinically 
signifi cant as well as statistically signifi cant (P < 0.001) and 
was in accordance with the previous reports.

The earlier concept of  the rapid tooth movement was 
based on bony block movement in corticotomy techniques 
including buccal and lingual vertical and subapical 
horizontal cuts circumscribing the roots of  the teeth. The 
tooth embedded within a block of  medullary bone served 
as a handle by which the bands of  less-dense medullary 
bone surrounding the teeth were moved block by block. 
On the other hand, the latest concept on the rapid tooth 
movement after corticotomy is supported by the regional 
acceleratory phenomenon (RAP), described as accelerated 
bone turnover and decreased regional bone density.[31,35-38] 
The RAP mechanism potentiating tissue healing was 
shown to occur in the mandible as well as in long bones.[38] 
Wilcko et al. presented cases treated in approximately 
6 months with combined corticotomy-facilitated 
orthodontics and periodontal alveolar augmentation called 
accelerated osteogenic orthodontics.[39] In most of  their 
nonextraction cases, both labial and lingual vertical and 
subapical corticotomies and selective decortication were 
performed, and a bone augmentation procedure was 
added to protect the periodontium during expansive tooth 
movements.[31,39] In an attempt to clarify the mode of  tooth 
movement after corticotomy, pre- and post-treatment 
computed tomography (CT) scans were compared, and 
the fi ndings indicated a demineralization-remineralization 
phenomenon rather than a bony block movement. Because 
the CT scans or histolologic fi ndings were not available 
in the present study, it was not likely to defi nitely state 
the nature of  tooth movement. However, the rapid tooth 
movement seemed to mostly depend on RAP rather than 
bony block movement because the lingual cortical bone 
was left intact, and bone blocks surrounding teeth were 
not formed. Furthermore, labial vertical cuts, which were 
deepened into the spongiosa reaching lingual cortical bone, 
might help RAP diffuse in the lingual cortical bone. The 
wounding of  the lingual cortical bone to stimulate RAP 
was performed from the labial side in contrast to the 
two-sided corticotomies. It was also demonstrated that, 
during healing of  bone defects, a systemic acceleratory 
phenomenon occurs in the cancellous bone compartment 
in addition to RAP.[40] Unfortunately, the published data 
on the explanation of  the accelerated tooth movement 
concept during corticotomy-facilitated orthodontics are 
based on few case reports. Therefore, controlled studies 
with an increased number of  subjects are required. 
Furthermore, the need for double-sided corticotomies 
should be investigated because the single-sided approach 
followed in this study was found to be sufficient to 
stimulate rapid tooth movement.
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