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ABSTRACT

Objectives: Canine retraction was accelerated by periodontal distraction or several surgical 
techniques depending on the concept that the greater surgical injury to alveolar bone, the greater 
biological response in the form of localized inflammatory reaction and bone remodeling, hence 
tooth movement acceleration. The present study aimed to compare between certain surgical 
techniques and periodontal distraction combined with interseptal bone reduction to accelerate 
canine distalization.

Patients and Methods: A randomized split mouth clinical multi-operator study was performed 
on 30 orthodontic patients aged 15 years and above whose treatment procedures were planned 
for first premolar extractions and subsequent retraction of canines. Canines were distalized by 
surgery or distraction on one side and by conventional mechanics on the other side (the control 
side). Subjects were randomized equally into three canine retraction groups: Group I (multiple-
osteoperforation MOPs); Group II (MOPs+corticotomy) and Group III (periodontal distraction). 
Canine retraction was carried out by power chain applying 150 g of force per side. Total time for 
complete canine retraction was determined and change in canine angulation was assessed using 
panoramic radiographs.

Results: Regarding the time needed for complete canine retraction for all groups, the 
experimental side(surgical or distraction) showed a statistically significant lower mean value as 
compared with the non-surgical side. In other words, less than three months in Group I, about 
two months in Group II and less than one month in Group III, while more than four months in the 
conventional retraction side was taken for complete canine retraction. the mean canine angulation 
changes by degree was (11-15.2-23.2-8.1) degree for group I, II III and conventional group 
respectively.

Conclusion: Canine retraction movement was accelerated effectively by MOPs, corticotomy 
and periodontal distraction techniques; the fastest of them was the periodontal distraction 
mechanics. However, it showed more distal tipping and more buccal inclination of the canine than 
MOPs, corticotomy or conventional canine retraction.       
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INTRODUCTION 

The duration of orthodontic treatment is very 
important for patients to know before starting 
orthodontic treatment. Therefore, any treatment 
modalities that decrease treatment duration 
without affecting the results is a main challenge in 
orthodontic researches (1,2) . A number of innovations 
orthodontic techniques that aimed to shorten 
orthodontic treatment duration have been described 
recently (3). 

These modalities can be divided into three 
groups.[1] drugs (prostaglandins (4-6), interleukins (7),  
leukotrienes(8),  cyclic adenosine monophosphate(9),  
and vitamin D)(10-11).  [2] Mechanical or physical 
stimulation (direct electrical current (12), pulsed 
electromagnetic field (13), and low-energy  
laser)(14). [3] Oral surgical procedures that accelerate 
orthodontic treatment due to disruption of alveolar 
bone continuity,(15) Or induction of localized 
inflammatory reaction, which in turn  activates 
osteoclastic activity (16). Also, surgery in the alveolar 
bone resulted in its injury with subsequent decrease 
in its bone density thus decreasing its resistance to 
orthodontic tooth movement (17). A combination of 
conventional orthodontic and a surgical technique 
have been done to improve and accelerate the 
treatment (18). Among these surgical procedures, 
micro-osteoperforations (MOPs) which is a safe and 
Less invasive multiple trans-mucosal perforations 
within alveolar bone which done in the region of 
desired tooth movement (19-20).

A cute inflammation that induced by MOPs leads 
to secretions of inflammatory markers as chemokine 
and cytokine which help in differentiation multi-
nucleated giant cells thus the rate of orthodontic 
tooth movement can be accelerated(21-22). A 
corticotomy is another surgical procedure used to 
accelerate the rate of tooth movement by which 
the teeth forms a separate block with its own 
surrounding bone connected with the surrounding 
structures via medullary bone after cutting the 

buccal and lingual cortical plates with surgical bur 
after flab elevation.  (18, 23) Actually, orthodontic 
tooth movement involving corticotomy can be 
considered as a process of moving blocks of bone 
rather than moving only the teeth themselves (24). 
It was reported that corticotomy can accelerate the 
rate of tooth movement either due to: a alterations 
within the periodontal ligament, increase in bone 
turnover, demineralization process in the cancellous 
bone surrounding the socket, earlier bone resorption 
due to earlier removal of hyaline and decreased 
resistance of the dense cortical bone.(25-27) 

However, the disadvantage of the previous 
techniques is the need for invasive flap surgery 
and heavy orthodontic force which increases the 
risk of periodontal problems and pulpal death so, 
many trails switched to a less invasive surgical 
approaches for acceleration of tooth movement.(28)

One such mechanical manipulation is distraction 
of the periodontal ligament which was first 
applied by Liou and Huang in 1998(29) to perform 
rapid canine retraction through distraction and 
named dental distraction which is similar to rapid 
palatal expansion of the mid-palatal suture after 
undermining and reduction of inter-septal bone 
thickness and depth distal to the canine(28). Rapid 
canine distraction leads to faster retraction of 
incisors in both maxillary and mandibular arches 
that incisors are retracted immediately into the 
immature bone created after canine distraction, 
leading to  significant reduction in treatment time 
(6 to 9 months), without  damaging the periodontal 
ligament, nor affecting tooth vitality(29-30). In the 
present study canine distraction technique was 
compared with other surgical modalities used to 
accelerate maxillary canine retraction to asses’ 
superiority of one technique over another. 

AIM OF THE WORK

The present study was carried out to evaluate 
the effects of periodontal ligament distraction, 
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corticotomy and micro-osteo-perforations 
(MOPs) on the rate of canine retraction relative to 
conventional orthodontic retraction technique.

PATIENTS AND METHODS

Study Design

It is a randomized split mouth clinical, multi-
operator study.

Sample Size and Setting 

30 orthodontic patients: from out-patients, 
attending Orthodontic Department, Faculty of 
Dentistry, TANTA University. For each patient one 
side is used for intervention and the opposite side 
is used as control. The study was performed after 
receiving the approval of the ethical committee of 
Faculty of Dentistry, Tanta University and written 
acceptance consent from each patient participating 
in the study. 

Selection Criteria

1) patient age: 15-18 years 2) extraction of all 
four first premolar teeth as a part of the orthodontic 
treatment plan ; 3) no systemic disease that may 
affects the bone; 4) no periodontal disease; 5) good 
oral hygiene; 6) very good patient compliance; 7) 
absence of any previous orthodontic treatment. 

Continued inclusion of patients in the present 

study was carried out to overcome attrition bias 
(patient drop out) due to poor oral hygiene or 
bad patient compliances, if patients taking any 
medications that may affect bone formation and 
patients with broken appliance or brackets. Till 10 
patients in each group reached full canine retraction 
and attending the orthodontic clinic at a regular short 
recall visits (every week). The patients received 
hygiene instructions and every patient received a 
straight wire Roth fixed appliance (Ormco. USA. 
0.022×0.028 inch slot). Leveling and alignment was 
performed by using sequential aligning arch wires 
until reaching a wire gauge of rectangular 0.016 × 
0.022 st st arch wire. The patients were divided into 
three equal groups of 10 patients each. GROUP (I): 
multiple osteo-perforation (MOPs) group: After 
extraction of the first premolars as dedicated in the 
treatment plane, Local anesthesia infiltration was 
injected in buccal vestibule from lateral incisor to 
second premolar at side of surgery and palatally. 
When the area got anesthetized (examined by probe), 
a muco-periosteal flap was elevated and the cortical 
bone was exposed on the buccal side of the canine. 
Three holes 2mm wide, 2 mm depth and 2 mm apart 
from each other’s along the mesial and distal aspect 
of the canine root in the inter-dental region were 
done using round surgical bur for drilling holes with 
equal widths (2 mm) under normal saline solution 
irrigation then the flap secured in place by surgical 
stitching Fig. 1(A & B) and Fig. 2 (A & B) 5 days 

Fig. 1( A & B)
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medications in the form of antibiotic (Amoxicillin 
capsules, 500 mg 3 times daily) were prescribed for 
patients with analgesic (Paracetamol tablet 2 times 
daily).

GROUP (II): MOPs + corticotomy group: 
Similarly as in group I, a muco-periosteal flap was 
elevated after extraction of the first premolars as 
planed in the treatment procedure. However, three 
holes 2mm wide, 2 mm depth and 2 mm apart from 
each other’s alongside the mesial aspect using round 
surgical bur and  a corticotomy cut along the distal 
aspect of the canine root in the inter-dental region 
were done then the flap secured in place by surgical 
stitching (fig.3).

GROUP (III): Periodontal distraction group: 
After extraction of the first premolar, a long round 
surgical bur is used in low speed hand-piece with 
adequate cooling water jet is used to undermine 
the distal inter-septal bone of the canine via the 
extraction socket, angulated and passing along 
buccal, apical and palatal junction of the inter-
septal bone with the maxillary bone till the inter-
septal bone became completely undermined (fig.4). 
A custom made distractor was fabricated using two 
point palatal expander widely opened and soldered 
to canine band and molar band which in turn 
soldered to a trans-palatal arch then cemented intra-
orally (fig.5,6,7).

Fig. 2 ( A & B)

Fig. (3) 

Fig. (4) 
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Control group: conventional canine retraction

In each of the previous three groups, one side 
was considered as an experimental side, and the 
opposite side is used as control. So in the control 
side, the canine was retracted conventionally using 
elastomeric chain that apply force equal to 150 
gram and replaced every three days to avoid force 
dissemination The force level was measured using 
tension gauge and kept as much as possible about 
150 grams (fig. 8).

Fig. (5) Expansion screw and its key

Fig. (6) Complete distractor with arms soldered to canine and 
molar bands

Fig. (8) Power chain and tension gauge

Fig. (7) Cemented distractor intra-orally
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Activation protocol

For all groups, a trans-palatal arch was 
incorporated in the appliance to maximize the 
anchorage. In group (I), group (II) and control 
group, canine retraction was started soon after the 
operation using elastomeric chain after calibrating 
the retraction force using tension gauge that (150 
g) of force was applied. The elastomeric chain 
was replaced every three days and adjusting the 
retraction force to avoid dissemination of the 
force exerted by elastic chain. While in group III, 
distractor activation initiated immediately after 
surgery. Activations were performed by turning the 
screw 0.25 mm every 12 hour (two turns per day). 

Determination of the distance of canine retraction

The distance between the distal surface of the 
canine and the mesial surface of the second premolar 
was recorded directly in patient’s mouth every week 
using a caliper with 0.01 mm scale (Dentaurum, 
Germany) (fig. 9), and the total time required for 
complete retraction of the canine was calculated.

Panoramic Radiographic Analysis of canine an-
gulation before and after retraction

Canine angulation changes were assessed 
by analyzing the panoramic radiographs taken 
before and after the retraction completion. A line 
representing the long axis of the canine passing 
from the canine cusp tip through the root apex to 

intersect with a line connecting the right and left 
orbitale and the angle of intersection was measured 
before and after canine retraction in all groups(31) 
(fig.10,11 A & B). 

Fig. (9) Sliding caliper

Fig. (10) Distal tipping angle of the canine relative to line 
connecting the right and left orbitale points

Fig. (11A)

Fig. (11B)
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Statistical analysis

Descriptive data were presented as mean ± SD 
and range values. The intervention groups and 
the control group were compared by ANOVA test 
(confidence level 95% and P ≤ 0.05). 

RESULTS

Clinical complications and side effects

In periodontal distraction group, patients only 
reported pain and discomfort due to the bulkiness 
of the distraction appliance that dissipated within 
minutes. Moreover, slight pressure on teeth was felt 
by the patients on activation of the screw. Greater 
distal tipping and buccal inclination of the canine 
in periodontal distraction group because of the 
location of the distractor too far buccal relative to 
the center of resistance.

Time determination for complete canine retraction

Regarding the time needed for complete canine 
retraction, the surgical side showed a higher mean 
value as compared with the non-surgical side in all 
groups which was statistically highly significant. 
The canine retraction was accelerated by 22% for 
group (I), 38.5% in group (II) and this value nearly 
duplicated in group (III) when a rigid distractor was 
used after undermining the inter-septal bone greater 

than the non-surgical side as shown in table (1) and 
figure (12).

Assessment of canine angulation

The results of the panoramic radiographic 
analysis indicated that in periodontal distraction 
group, despite the use of rigid type distractor, canines 
experienced an average distal inclination of 20 to 25 
degrees during distalization which was statistically 
highly significant when compared with other 
groups. A non-statistical angular difference was 
found when MOPs was compared with conventional 
retraction, while MOPs and corticotomy (group II) 
showed a significant difference when compared 
with conventional retraction as shown in table (2) 
and figure (13).

Fig. (12): mean of canine movement time in all groups

TABLE (1) Descriptive statistics of canine movement time in all groups

Time (days) MOPs Corticotomy + MOPs Periodontal distraction Conventional retraction

Range 82 – 90 62 – 70 21 – 27 105 – 120 

Mean ± SD 85.1 ± 3.03 67.7 ± 3.09 24.1 ± 2.08 110.5 ± 4.84

F. test 1137.668

p. value 0.001*

P1 P2 P3 P4 P5 P6

0.001* 0.001* 0.001* 0.001* 0.001* 0.001*

*Statistically significant at P ≤ 0.05  

P1: MOPs & Corticotomy + MOPs. P2: MOPs & Periodontal distraction. P3: MOPs & Conventional retraction. P4: 
Corticotomy + MOPs & Periodontal distraction.                 P5: Corticotomy + MOPs & Conventional retraction. P6: 
Periodontal distraction & Conventional retraction.
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DISCUSSION

Conventional orthodontic treatment especially 
that involves extraction therapy is long treatment 
time; it may last for about 31 months (32). Therefore, 
many patients may avoid orthodontic treatment 
(18). Long orthodontic treatment time may resulted 
in root resorption, gingivitis, and caries (33). So, 
recently decreasing treatment time by accelerating 
the rate of tooth movement considered an aim in 
orthodontic practice.(34). Several techniques of rapid 
canine retraction can be used as alveolar surgery 

and distraction osteogenesis(17) which accelerates 
the bone resorption, and osteoclast activity (35). 
Also, because surgical injury to alveolar bone 
such as corticotomy and MOPs can induce local 
inflammatory reaction, chemokine and cytokine 
levels are elevated, hence osteoclast stimulation 
and tooth movement acceleration(1,36). However, 
these techniques involve invasive flap surgery; so, 
a novel simplified flapless approach was performed 
to accelerate the rate of canine movement by 
periodontal ligament distraction which was reported 
as technique not resulted in damage to the periodontal 
ligament, nor affected pulp vitality(37). The aim 
of the present study was to evaluate the effects of 
periodontal ligament distraction combined with 
interseptal bone reduction, corticotomy and micro-
osteo-perforations (MOPs) on the rate of canine 
retraction relative to conventional orthodontic 
retraction technique. As tooth movement strongly 
affected by bone density and osteoclastic activity 
so age of the patient was considered an important 
factor.(38-39) so in the present study the age of all 
patients ranging from 15 to 18 year at the start of 
treatment and the average ages in all groups were 
similar.

TABLE (2) Angular canine changes in all groups

Angular changes by degree MOPs Corticotomy + MOPs Periodontal distraction Conventional retraction

Range 8 – 15 12 – 17 20 – 26 5 – 11 

Mean ± SD 11.0 ± 2.36 15.2 ± 1.62 23.20 ± 2.0 8.1 ± 1.90

F. test 112.377

p. value 0.001*

P1 P2 P3 P4 P5 P6

0.001* 0.001* 0.051 0.001* 0.001* 0.001*

*Statistically significant at P ≤ 0.05  	 P1: MOPs & Corticotomy + MOPs. 	 P2: MOPs & Periodontal distraction.

P3: MOPs & Conventional retraction. 		  P4: Corticotomy + MOPs & Periodontal distraction.

P5: Corticotomy + MOPs & Conventional retraction. 	P6: Periodontal distraction & Conventional retraction.

Fig. (13): mean of the canine distal angular tipping in all groups
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The eligibility criteria was set to exclude patients 
with poor oral hygiene, periodontal disease, alveolar 
bone defects, systemic diseases that may affects the 
bone, and administration of any medications that 
may modulate the bone response (40-41). 

By making a split-mouth study the reliability of 
the results were assured by taking the result of the 
intervention and control from the same patient 

Duration of canine retraction

In the present study, the mean canine retraction 
time was 85.1 ± 3.03, 67.7 ± 3.09 and 24.1 ± 2.08 
days in the surgical side that represented by group 
I (MOPs), group II (corticotomy+MOPs) and group 
III (periodontal distraction) respectively, these mean 
values were significantly lower than the mean value 
(110.5 ± 4.84 days) of canine retraction in the non-
surgical side (conventional retraction).

Regarding the time needed for complete canine 
retraction procedure, it was found that more than 
four months were taken to completely retract the 
canine by conventional mechanics, less than three 
months for MOPs group, about two months in 
corticotomy+MOPs group while in periodontal 
distraction group, only less than one month was 
taken for complete canine retraction. There were 
high significant differences among all groups. In 
the periodontal distraction group, the results were 
in accordance with Kumar et al.(42) who performed 
periodontal distraction and completed canine 
retraction in three and half weeks. A similar findings 
were obtained from the study of Liou and Huang(29) 
and Sayin et al.(43) as they stated that complete rapid 
canine retraction can be done in three weeks. Also 
the results of the present study came in accordance 
with Kharkhar et al.(44) and Kateel et al(37)  in which 
the mean time of complete canine retraction was 
19.5 ± 1.7 and 15.38 ± 1.51 days respectively. 
Some possible reasons for the variation in canine 
retraction duration can be attributed to the resistance 

of bone fragments that may hinder the desired tooth 
movement, also different mechanics and different 
distractor design and time of activation can be 
considered a factor 

Changes in canine angulation

In periodontal distraction group, canines showed 
the highest significant distal inclination of 20 to 26 
degrees with a mean change of 23.20 ± 2.0 during 
distalization among all groups even when compared 
with the conventional retraction mechanics. This 
could be attributed to the location of the distractor 
too far buccal relative to the center of resistance. 

Regarding the angular distal tipping of the canine 
numerous previous studies came in accordance with 
the present study as Liou and Huang(29) who found 
that 17° of distal tipping, while Sayin et al.(43), Kumar 
et al.(42) and Kateel et al(37) reported distal tipping 
of canines by 11.4°, 15.2° and 14.9° respectively. 
This variation in angular change may be due to 
the anatomical factor close to the apex of canine, 
variation in bone density, position differences of 
the arm of the distractor on canine and difference in  
measurement reference points.   

CONCLUSIONS

·	 Rapid canine retraction by accelerated 
techniques especially periodontal distraction in 
conjunction with the use of rigid type distractor 
provides significant reduction in orthodontic 
treatment time than retraction with conventional 
technique.

·	 Periodontal ligament distraction resulted in more 
distal tipping and more buccal inclination of the 
canine than MOPs, corticotomy or conventional 
canine retraction.

·	 Further researches are required with distractors 
in conjunction with biomechanics that 
counteract distal tipping of the canine is needed.    
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