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SUMMARY

The purpose of this study was to evaluate the efficacy of alveolar corticotomy on orthodontic tooth 
movement when retracting upper canines compared with the conventionnal treatment. The sample 
 consisted of 30 patients with a mean age of 21 ± 2 years requiring the therapeutic extraction of the 
maxillary first premolars, with subsequent retraction of the maxillary canines. The subjects were divided 
into two groups, one receiving orthodontic treatment assisted corticotomy (experimental group) and 
the other conventional treatment (control group). The velocity of the retraction of the upper canine was 
 evaluated by measuring the distance between the canine and second premolar on each side of the 
mouth for both groups at 2 months, and 4 months after canine retraction. Results: the velocity of canine 
was significantly higher on the experimental group than the control group by two times during the first 
two months after canine retraction. This rate declined to 1.25 times higher after four months. Conclusion: 
alveolar corticotomy increased orthodontic tooth movement when retracting upper canines.
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One of the main constraints related to 
adult orthodontic treatment is without a 
doubt the significant treatment duration. 
Canine retraction, which remains a 
relatively slow process, could considerably 
lengthen this treatment period, particularly 
in adults in whom the tissue response to 
orthodontic application is much slower 
than that in children and adolescents. 
According to Buschang4, the average 
duration of orthodontic treatment with 

extractions varies between 24 and 35 
months. This relatively long duration can 
be an obstacle to the motivation of adult 
patients, who are more and more likely 
to desire rapid treatment. In addition, the 
incidence of carious problems, periodontal 
damage6,17, and root resorptions19 increases 
with treatment duration. Many procedures 
have been implemented with this in 
mind, such as administration of local or 
systemic drugs, physical or mechanical 
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stresses, and surgical means. 
Alveolar corticotomy associated with 
orthodontic treatment has been used 
in many studies to accelerate tooth 
movement to significantly reduce 
orthodontic treatment duration. This 
is a surgical procedure that injures the 
cortical bone and consists of making 
lines or perforations only on the outer 
cortex around the teeth to be moved15. 
The principle of alveolar corticotomy 
is based on a biological concept—
regional acceleratory phenomenon 
(RAP)— described for the first time by 
Frost10 following a bone fracture. It is 
a physiological healing phenomenon 

characterized by an increase in cell 
turnover with an influx of osteoblasts 
and osteoclasts on the operative site 
and a decrease in bone density due 
to increased osteoclastic activity. This 
post-operative osteopenia is transient 
and reversible, and physiological 
bone healing will allow the gradual 
restoration of bone density. The main 
objective of our study is to evaluate 
the rate of upper canine retraction after 
alveolar corticotomy compared with 
that after conventional orthodontic 
treatment to verify the effectiveness of 
this technique and its impact on canine 
retraction.

MATERIALS AND METHODS

We conducted a prospective study 
comparing the rate of upper canine 
retraction between orthodontic treat-
ment with alveolar corticotomy and 
conventional orthodontic treatment 
performed at the DFO of the University 
Hospital Center of Mustapha, Algiers 
with the authorization of the ethics 
committee of the same hospital. The 
study population consisted of adult 
patients consulting the orthodontic de-
partment as well as students enrolled 
at the Faculty of Medicine of Algiers. 
Our sample consisted of 30 adult sub-
jects (23 females and 7 males) with a 
mean age of 21 years (standard devi-
ation 2 years). Patients were selected 
according to the following inclusion 
criteria: 1) class II division 1 malocclu-
sion requiring extraction of the first 
two maxillary premolars for retraction 
of the upper canines; 2) complete per-
manent dentition with healthy upper 
canines, which had developed on the 
arch; 3) a good general state of health 

with absence of any disease contrain-
dicated for surgery; 4) good oral hy-
giene with no periodontal disease; and 
5) no history of orthodontic treatment. 
Exclusion criteria for patients were  
1) impacted or ectopic upper canines, 
restored upper canines or with ab-
normal morphology or structure, and 
canines with endodontic treatment;  
2) pregnant patients; 3) smokers; and  
4) patients with psychiatric disorders 
and impaired judgment. We divided our 
subjects into two groups on a volun-
tary basis. The control group included 
15 patients who received convention-
al orthodontic treatment. The experi-
mental group also included 15 patients 
who received orthodontic treatment 
with alveolar corticotomy in the upper 
canine region. Explanations regarding 
the study protocol were given to the 
patients and additional examinations 
were performed. Patients were includ-
ed in the study only after giving written 
informed consent.
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PRACTICAL ORGANIZATION

All patients were treated with a stand-
ard Edgewise multi-attachment fixture 
(0.022 inch × 0.028 inch) with a con-
ventional upper arch anchorage.  After 
the first alignment phase, the first up-
per premolars were extracted and an 
alveolar corticotomy was performed on 
the upper canines in the experimental 
group. Corticotomy was limited to the 
vestibular cortex of the upper canine 

after detachment of a classical muco-
periosteal flap. “Dotted” perforations 
were made with a medium round bur 
mounted on a handpiece, at low speed, 
and under irrigation by circumscribing 
the canine root without touching it, 
mesially, distally, and 2 mm above the 
apex. The perforations passed through 
the entire cortical bone without pene-
trating the medullary bone and remain-
ing 2 mm below the top of the alveolar 
ridge (Fig. 1).

The flap was repositioned and su-
tured with a 4/0 nonabsorbable suture 
left in place for approximately 10 days. 
Post-operative medication with antibiot-
ics, corticosteroids, and analgesics had 
been prescribed to improve the patient’s 
post-operative comfort. Retraction of 
the upper canines was performed with 
elastomeric chains on a steel arch (0.016 
inch × 0.022 inch). The intensity of the 
initial retraction force was 100 g, which 
then increased and was maintained at 
150 g. The chains were replaced con-
ventionally in the control group and 
every 2 weeks during the first 4 months 
after corticotomy was performed in the 
experimental group (Fig. 2).Figure 1

a b

Figure 2
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Table 1: Comparison of the differences 
between the mean canine retraction rates 

between the control and experimental 
groups.

Abbreviations: T0 (baseline): before canine retraction. 
T1 and T2 correspond respectively to 2 and 4 months 

after canine retraction.

Periods Control group 
(mm/month)

Experimental 
group  

(mm/month)
variation P-value

T0–T1 0.81 ± 0.32 1.59 ± 0.55 0.78 <0.0001

T1–T2 1.04 ± 0.57 1.30 ± 0.40 0.26 0.017

Using a vernier caliper, the canine 
retraction rates were calculated by 
measuring the distance between the 
upper canine and the second upper 
premolar on each side of the arch 
at (T0) before the canine retraction 
phase, then at (T1) and (T2) corre-
sponding, respectively, to 2 and 4 
months after upper canine retraction 
(Fig. 3).Figure 3

STATISTICAL ANALYSIS

RESULTS

When comparing the different param-
eters between the two groups, all tests 
were performed at a 95% confidence 
level. A P-value of <0.05 was considered 
significant for each comparison. The 

 results obtained were analyzed using 
the XlSTAT software program. The tests 
used were Shapiro–Wilk and Wilcoxon’s 
test, reduced gap test with Student’s 
law, and Mann–Whitney U test.

Data analysis was performed for 
the 30 patients included in the study 
according to the inclusion criteria. 
We started the study with 60 upper 
canines to retract. One canine was 
 excluded in the experimental group for 
reasons of protocol deviation. In total, 
the analysis was done on 59 canines 
that were retracted using two differ-
ent methods: alveolar corticotomy- 
assisted retraction (experimental 
group) and conventional non-surgical 
retraction (control group). The two 
groups were similar and comparable at 
the beginning of the study. We found 
no significant difference in age and 
sex between the two groups. The rate 
of canine  retraction in the experimen-
tal group was faster than that in the 
 control group with a  highly  significant 

difference (P < 0.0001) (Tables  1 
and 2). Comparisons at different peri-
ods of canine retraction demonstrat-
ed that the average canine retraction 
rate in the experimental group was 
approximately twice as high as that 
in the control group during the first  
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2  months. This decreased to 1.25 
times between 2 and 4 months, with-
out a significant difference between 

the right and left sides. Statistical 
analysis also revealed that there was 
no significant difference in the canine 
retraction rate (P > 0.05) between 
males and females (Table 3).

Table 2: Study of variations in average rate 
of upper canine retraction by side  

in the experimental group.

Abbreviations: T0 (baseline): before canine retraction. 
T1 and T2 correspond respectively to 2 and 4 months 

after canine retraction.

Periods Right canine 
(mm/month)

left canine 
(mm/month)

T0–T1 1.57 ± 0.6 1.61 ± 0.49

T1–T2 1.39 ± 0.37 1.22 ± 0.42

Table 3: Study of variations in average 
velocity of upper canine retraction  
by sex in the experimental group.

Upper canine Female  
(mm/month)

Male  
(mm/month)

Right 1.59 ± 0.27 1.68 ± 0.26

left 1.65 ± 0.35 1.84 ± 0.20

DISCUSSION

The average rate of upper canine 
retraction was significantly higher in 
the experimental group. It appears  
that alveolar corticotomy significantly  
accelerates tooth retraction rate in 
our sample. The results of our study 
on tooth retraction acceleration are 
consistent with those of lino et al.14 
and Ren et al.16 in animal experiments. 
They are also in line with the works 
of Suya18, Hajji12, Chung et al.5 and 
Wilcko et al.20,21, in which alveolar cor-
ticotomy-assisted orthodontic treat-
ments had been proposed to reduce 
the duration of orthodontic treatment 
in adult patients compared with con-
ventional treatments. Our results also 
corroborate those of Aboul-Ela et al.1 
and Al-naoum et al.2, which confirmed 
the acceleration of canine retraction 
rate after alveolar corticotomy. The 
explanation for this is “RAP,” which 
reduces bone density and therefore 
the resistance of the alveolar bone, 
mainly of the cortical bone, to the 
 orthodontic movement of the tooth9. 
All these variations in rate are due to 

the transient nature of “RAP,” which is  
triggered by this corticotomy-induced 
bone lesion, making the healing  
process 2–10 times faster than in the  
absence of corticotomy. Yaffe et al.22  
reported that “RAP” would begin a few 
days after corticotomy, reach a peak at 
1–2 months, and then decrease after 
that. In our protocol, decortications 
were performed only on the vestibu-
lar cortex without the need for palatal 
surgery or osteotomy-mobilizing bone 
grafting blocks around the canines. 
The advantage of this conservative 
corticotomy “design” is to reduce the 
surgical procedure duration as well as  
the patient’s discomfort with post- 
operative consequences. This would 
 argue, once again, in favor of RAP, which  
is the basis of the biological explana-
tory theory of accelerated tooth re-
traction to the detriment of bone block 
theory. It would be logical to think like 
Al-naoum et al.2 and Echchadi7 that 
“RAP” induced by vestibular cortico-
tomy would also have spread to the 
non-corticotomized palatal cortex of 
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the concerned tooth. Indeed, it is well 
recognized that different corticotomy 
techniques exist and that the palatal 
character of the corticotomies tends 
to disappear. However, it is suggest-
ed that these should be minimized 
around a single protocol and should 
instead be individualized, responding 
to the specific needs of the patient be-
ing treated and according to elaborate 
surgical and biomechanical approach-
es3. During the surgical procedure, we 
chose to make the conventional flap 
of the corticotomy technique with an  
intrasulcular incision around the teeth of  
the gingival mucosa. Hoogeveen et al.13  
did not report any particular compli-
cation in relation to the different “flap 
designs” or the different types of 
decortication “corticotomy designs” 
used in different studies. Gantes11 and 

Suya18 also claimed that corticotomies 
in which decortications begin at a dis-
tance from the alveolar ridge with an 
intrasulcular incision have a very low 
risk of marginal periodontal injury. In  
our study, we performed corticoto-
mies with a rotary-type handpiece 
 instrument at slow speed and under 
 irrigation. This instrumentation initiat-
ed by Wilcko et al.20, 21 has been used 
by many authors such as Fischer22, 
Aboul-Ela et al.1 and Al-naoum et al.2 
during their work on canine retraction 
after alveolar corticotomy. A systemat-
ic review by Hoogeveen et al.13 stated 
that the operative follow-up of patients 
after corticotomy performed with rota-
ry instruments compared with piezo-
electric instruments was identical for 
both techniques and did not persist 
more than a week after surgery.

CONCLUSION

At the end of our study and in view of 
our results, which coincide with those  
of many studies, we can no longer 
 ignore the effect of alveolar corticotomy  
on tooth retraction rate. Observations 
from clinical trials and animal exper-
iments have clearly demonstrated a 
temporary acceleration of tooth retrac-
tion rate. The selective corticotomy ap-
proach combined with the orthodontic 
treatment that we have adopted, by 
limiting the surgery to the upper ca-
nines, has made it possible to bring 
together all the literature to widen the 
field of indications for this technique. 
However, a well-conducted treatment 
plan, with early and close activations 
of equipment for a period of time, is 

 required. Our results showed that 
it was possible to accelerate upper 
 canine retraction rate using alveolar 
corticotomy, without any significant 
difference between the two sexes. 
This could indeed reduce treatment 
duration. However, we believe that 
additional prospective studies with 
longer observation periods are desira-
ble to justify the biological background  
of corticotomy techniques and to  
demonstrate to what extent this  surgery  
could shorten the total orthodontic 
treatment duration.
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