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INTRODUCTION

 One of the primary concerns of orthodontic patients 
is the duration of the orthodontic treatment.1-3 In fact, 
a substantial number of malocclusion patients do not 
pursue orthodontic treatment because of the long du-
ration it takes.4 Hence, the idea of accelerated ortho-
dontic treatment has always attracted the attention of 
orthodontic practitioners and patients alike.

 The orthodontic tooth movement (OTM) is a complex 
process due to the interplay of multiple biologic and 
biomechanical factors such as periodontal status, dura-
tion and type of force application and regional cellular 
and molecular activity.5 Although careful diagnosis 
and a well-planned treatment sequence can reduce 
treatment duration, the biologic activity remains the 
main limiting factor of the rate of OTM.4

 Many attempts of accelerating the OTM have been 
made in the past. These include increase in force mag-
nitude and type, regional drug applications, vibratory 
forces, lasers, and light emitting diode light therapy, use 
of temporary anchorage devices and inciting regional 
osteopenia to accelerate the remodelling activity.6-12

 Regional osteopenia can be induced in the anatomic 
region of interest in several ways. These can be classified 
as flap or flapless approaches, corticotomy, medullary 
osteotomy or both, and cortical incisions with use of burs 
or piezo instruments.8, 9, 12, 13 Most of these procedures 
have produced promising results suggesting increase 
in rate of OTM from 1.5 to 3 times the normal rate.14 
However, many of these procedures require additional 
surgeries, substantial increase in costs and increased 
morbidity.15

 Recently a more conservative approach has been 
proposed where a standardized needle gun (Propel) is 
used to induce micro-osteoperforations in the cortical 
alveolar bone without elevation of periodontal flap. The 
animal and human studies suggest that this approach 
may increase the rate of OTM 2-3 fold in comparison 
to normal approach.14 The same flapless perforation 
or cortical bone may be achieved with the use of an 
orthodontic miniscrew, which is cheaper and readily 
available. The aim of this trial was to evaluate the 
rate of canine retraction in maxillary first premolar 
extraction patients with or without flapless cortical 
perforations (FCPs) made with a miniscrew.

Specific objective or hypotheses 

 The aim of our study was to evaluate the rate of 
canine retraction in maxillary first premolar extraction 
patients with or without flapless cortical perforations 
(FCPs) made with the help of a miniscrew.
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MATERIALS AND METHODS

Trial design and any changes after trial com-
mencement

 This was a parallel group, randomized controlled 
trial with a 1:1 allocation ratio. No changes were made 
after the trial commencement.

Participants, eligibility criteria and setting 

 This study was carried out at college of Dentistry 
Jouf University Saudi Arabia. The duration of study 
was 12 months. The patients included were orthodontic 
adult patients with age range from 20-40 years, class 
II div 1 malocclusion, maxillary bilateral premolar 
extractions indicated and good oral hygiene.

 The patients excluded were those who had previ-
ous orthodontic treatment, long-time use of drugs and 
systemic diseases.

 Informed consent was taken from the patients 
included in the study with a thorough explanation of 
benefits and limitations of the procedures involved.

Interventions 

 All patients began the treatment with bonding of 
upper and lower fixed appliances (0.022 inch slot MBT 
prescription 3M Unitek). The extraction of the first 
premolars were carried out by a surgeon in Oral Sur-
gery department in accordance with the study require-
ments (minimal traumatic extraction). Alignment and 
levelling was carried out by the principal investigator 
with the help of appropriate sequence of wires. Before 
starting the retraction of canines, an alginate impres-
sion of the dentition was taken for baseline record. For 
experimental group, local anaesthesia was administered 
before commencing FCP. 3 FCPs were performed with 
a self-tapping miniscrew implant of 1.6 mm diameter 
( Figure 1and 2). The depth of each perforation was 
3 mm in the buccal cortical bone between canine and 
premolar. The canine retraction was commenced in both 
groups with Nickle Titanium coil springs with a long 
range and low load-deflection rate with an approximate 
force of 100g. All patients were recalled on 28th day of 
retraction and alginate impressions was repeated for 
data collection. 

 Measurements were made directly on the unsoaped 
plaster dental casts. All the measurements were done by 
the first author under natural light. Distance between 
the tip of the canine and midpoint of incisal edge of lat-
eral incisor was denoted tip distance, while the distance 
between the cervical midpoints on the height of contour 
of respective cinguli was denoted as cervical distance. 
All dental cast were scanned by Cranex (SOREDEX, 
Tuusula, Finland) to obtain 3D digital model for the 
ease of precise measurements. All the measurements 

were performed by two researchers for reliability of the 
measurements using dedicated software (NewTom 3G: 
NNT, QR SRL; Scanora 3D: OnDemand®, Cypermed 
Inc, Irvine, CA). 

Outcomes (primary and secondary) and any 
changes after trial commencement 

 Primary outcome was the movement of canine in 
millimetres measured at tip and cervical landmarks. 
The data were recorded at 28 days. No changes to 
methods were done after the start of the trial.

Sample size calculation: 

 Sample size was calculated with the help of WHO 
software for Sample based on the following parameters.

Alpha error: 5%

Power of study: 90%

Minimum difference to detect: 50%

Population Standard Deviation: 0.3mm14

Randomization (random number generation, 
allocation concealment, implementation)

 In this trial, only the patients who required bilateral 
maxillary premolar extractions were included. A total 
of 60 canines in 30 patients were retracted with con-
ventional biomechanics with or without flapless cortical 
perforations. The patients were randomly allocated 
by a sequence generated in SPSS with equal number 
of participants in each group, and the allocation was 
centrally concealed. Prinicipal investigator assessed 
the patients for eligibility and discussed the nature 
of the trial with patients. After obtaining informed 
consent the patient started with the fixed appliances 
treatment. The allocation to experimental or control 
group was carried out when canine retraction was ready 
to be started.( Fig 3)

Blinding

 Blinding was carried out at the analysis stage as 
patient and operator blinding was not possible due to 
the nature of the procedure of perforation. 

Statistical analysis (primary and secondary 
outcomes, subgroup analyses)

 Statistical analyses were performed using SPSS for 
Windows (version 20; IBM). Differences between the 
groups were assessed using the independent sample 
t-test. Paired t-test was used for differences between 
right and left sides. The level of significance was set 
at p=0.05 or less. 

RESULTS

 60 canines in 30 patients of mean age 27.9 ± 4.5 
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TABLE 1: BASELINE CHARACTERISTICS AT THE COMMENCEMENT OF TRIAL

Age (years) Perforation 27.5 ± 4.4
Conventional 28.4 ± 4.5

Gender Females 18
Males 12

Sample size (Canines) Perforation 30
Conventional 30

TABLE 2: CANINE MOVEMENT AT TIP AND CERVICAL LANDMARKS.

Group N Distances (mm) Mean S.D. 95% CI p value
Lower Upper

Perforation 30 Tip 1.36 0.12 0.98 1.09 0.001*
Cervical 1.31 0.13

Convention-
al

30 Tip 0.49 0.08 0.30 0.94 0.001*
Cervical 0.44 0.08

SD: standard deviation
Test of significance: Paired sample t Test
Level of significance: P < 0.01
*Significant Value P < 0.05

Fig 1: Miniscrew driver

Fig 2: Miniscrew implant

Fig 3: Consort flow chart

Fig 4: Right and left side canine movement comparison
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years (age range 20-36 years) were followed for 28 
days. There were no losses to follow up. Baseline char-
acteristics are given in Table 1. In MOP group, there 
were 8 males and 7 females while conventional group 
comprised of 4 males and 11 females. 

 Canine retraction was measured at the tip of the 
incisal edges and cervical height of contour in the 
middle third of the same quadrant lateral incisor and 
the canine. The average canine retraction in patients 
with conventional mechanics was 0.49 ± 0.08 mm and 
0.44 ± 0.08 mm at the canine tip and cervical point 
respectively. In contrast, canines in patients with 
osteo-perforation had a mean retraction of 1.52±0.11 
mm at the tip and 1.33±0.12 mm at the cervical point 
showing some degree of tipping (Table 2). 

 Independent sample T-test demonstrated highly 
significant difference between the two groups (p<0.000) 
at 28 days. There were no significant differences be-
tween right and left sides in both groups. (Figure 4)

Harms

 No serious harm except pain and minor bleeding 
in the perforation area. No medications for the pain 
were necessary. 

DISCUSSION

 Main finding in the context of the existing evidence, 
interpretation.

 Acceleration of orthodontic tooth movement is of 
interest to clinicians as it has the potential to reduce 
the orthodontic treatment duration. Although there are 
several factors which affect this duration, the biologic 
process of tooth movements is a major factor which has 
captured attention in the recent past. 

 Transient localized osteopenia has shown to be 
effective in increasing the bone turnover which can in 
turn increase the rate of orthodontic tooth movement. 
Several methods of inducing such osteopenia have been 
advocated and range from osteotomies to small flapless 
alveolar perforations. This indicates the underlying 
desire to identify methods of reducing trauma to the 
patient during this procedure. Micro-osteo-perforation 
has the advantage of being minimally invasive, easy to 
perform and relatively comfortable for the patient. This 
trial compared the effect of micro-osteo perforations on 
the rate of the canine movement in the first month.

 We found significantly higher rate of canine re-
traction in the perforation group, highlighting the 
effectiveness of the procedure, at least in short term. 
This is in agreement with the only available human 
trial conducted with this technique by Alikhani et al14 
who found 2-3-fold increase in the rate of tooth move-
ment with MOPs in their split mouth design trial. The 

same group initially experimented this technique in 
rats, and found it effective in enhancing the rate of 
tooth movement.16 Recently, Tsai et al also reported 
increased rate of tooth movement with MOPs in rats.17

 The increase in the rate of tooth movement can be 
explained by the process of regional acceleratory phe-
nomenon (RAP), originally described by Frost.18 The 
osteopenia induced by perforations leads to a zone of 
increased remodelling activity, which essentially leads 
to faster tooth movement than normal.19,20 

 While several factors affect the rate of tooth move-
ment,21-27 it is reasonable to assume that the effect of 
occlusal interferences was minimal in this study as 
only class II div I malocclusion cases were included. 
Similarly, the use of rectangular wires with steel lig-
atures ensured primarily bodily movement, evident 
by minimal tipping during the retraction. Age of the 
patients was well balanced in both groups. Hence age 
and type to tooth movement are also unlikely to have 
confounded the results. We found no differences in the 
rate of retraction on right and left sides, or between 
males or females. This is also in agreement with pre-
vious studies.22

 In comparison to Alikhani et al14, there were some 
notable differences in the study design in our trial. 
They used miniscrew anchorage for the retraction of 
canine, while we used compound anchorage, which 
involved inclusion of second molar in the anchorage 
segment. However, this is unlikely to be of significance. 
The perforations were made with a miniscrew in our 
study which is a cheap and easily available. Also, we 
performed canine retraction with bilateral FCPs, as it 
was shown by Alikhani et al14 that the localized regional 
acceleratory phenomenon (RAP) did not carry across 
to the contra-lateral side.

Limitations

 Our study was a short term, 1 month follow up 
study. Blinding of the patient and operator was not 
feasible and blinding was confined to analysis stage 
only. Future studies with longer observation time, 
number of perforations and inclusion of variables such 
as pulp vitality and root resorption are recommended.

Generalizability

 The generalizability of these results can be consid-
ered good, as all the procedures were performed in a 
hospital based orthodontic setting and all the patients 
were adults.

CONCLUSION

 Flapless Cortical Perforations with orthodontic 
miniscrew is an easy, safe and effective method of 
accelerating orthodontic tooth movement by 2-3 times.



313Pakistan Oral & Dental Journal Vol 38, No. 3 (July-September 2018)

Effect of miniscrews perforation on Maxillary Canine

REFERENCES
1 DiBiase AT, Nasr IH, Scott P, Cobourne MT. Duration of 

treatment and occlusal outcome using Damon3 self-ligated 
and conventional orthodontic bracket systems in extraction 
patients: a prospective randomized clinical trial. Am J Orthod 
Dentofacial Orthop 2011;139:e111-6.

2 Fink DF, Smith RJ. The duration of orthodontic treatment. Am 
J Orthod Dentofacial Orthop 1992;102:45-51.

3 Fisher MA, Wenger RM, Hans MG. Pretreatment characteristics 
associated with orthodontic treatment duration. Am J Orthod 
Dentofacial Orthop 2010;137(2):178-86.

4 Mavreas D, Athanasiou AE. Factors affecting the duration 
of orthodontic treatment: a systematic review. Eur J Orthod 
2008;30:386-95.

5 Huang H, Williams RC, Kyrkanides S. Accelerated orthodontic 
tooth movement: molecular mechanisms. Am J Orthod Dento-
facial Orthop 2014;146:620-32.

6 Aboul-Ela SM, El-Beialy AR, El-Sayed KM, et al. Miniscrew 
implant-supported maxillary canine retraction with and without 
corticotomy-facilitated orthodontics. Am J Orthod Dentofacial 
Orthop 2011;139:252-9.

7 Chung SE, Tompson B, Gong SG. The effect of light emit-
ting diode phototherapy on rate of orthodontic tooth move-
ment: a split mouth, controlled clinical trial. J Orthod 
2015:1465313315Y0000000013.

8 Dibart S, Sebaoun JD, Surmenian J. Piezocision: a minimally 
invasive, periodontally accelerated orthodontic tooth movement 
procedure. Compend Contin Educ Dent 2009;30:342-4.

9 Liou EJ, Chen PH, Wang YC, et al. Surgery-first accelerated 
orthognathic surgery: orthodontic guidelines and setup for model 
surgery. J Oral Maxillofac Surg 2011;69(3):771-80.

10 Safavi SM, Heidarpour M, Izadi SS, Heidarpour M. Effects of 
flapless bur decortications on movement velocity of dogs’ teeth. 
Dent Res J (Isfahan) 2012;9:783-9.

11 Salehi P, Heidari S, Tanideh N, Torkan S. Effect of low-level 
laser irradiation on the rate and short-term stability of rota-
tional tooth movement in dogs. Am J Orthod Dentofacial Orthop 
2015;147:578-86.

12 Wilcko MT, Wilcko WM, Pulver JJ, Bissada NF, Bouquot JE. 
Accelerated osteogenic orthodontics technique: a 1-stage sur-
gically facilitated rapid orthodontic technique with alveolar 
augmentation. J Oral Maxillofac Surg 2009;67:2149-59.

13 Coscia G, Coscia V, Peluso V, Addabbo F. Augmented corticot-
omy combined with accelerated orthodontic forces in class III 
orthognathic patients: morphologic aspects of the mandibular 
anterior ridge with cone-beam computed tomography. J Oral 
Maxillofac Surg 2013;71:1760 e1-9.

14 Alikhani M, Raptis M, Zoldan B, et al. Effect of micro-osteoperfo-
rations on the rate of tooth movement. Am J Orthod Dentofacial 
Orthop 2013;144:639-48.

15 Yang C, Wang C, Deng F, Fan Y. Biomechanical effects of 
corticotomy approaches on dentoalveolar structures during 
canine retraction: A 3-dimensional finite element analysis. Am 
J Orthod Dentofacial Orthop 2015;148:457-65.

16 Teixeira CC, Khoo E, Tran J, et al. Cytokine expression and 
accelerated tooth movement. J Dent Res 2010;89:1135-41.

17 Tsai CY, Yang TK, Hsieh HY, Yang LY. Comparison of the 
effects of micro-osteoperforation and corticision on the rate of 
orthodontic tooth movement in rats. Angle Orthod 2016;86:558-
64.

18 Frost HM. The regional acceleratory phenomenon: a review. 
Henry Ford Hosp Med J 1983;31:3-9.

19 Deguchi T, Takano-Yamamoto T, Yabuuchi T, et al. Histomor-
phometric evaluation of alveolar bone turnover between the 
maxilla and the mandible during experimental tooth movement 
in dogs. Am J Orthod Dentofacial Orthop 2008;133:889-97.

20 Krishnan V, Davidovitch Z. Cellular, molecular, and tissue-level 
reactions to orthodontic force. Am J Orthod Dentofacial Orthop 
2006;129:469 e1-32.

21 Fang S, Li J. Factors related to rate of tooth movement. Am J 
Orthod Dentofacial Orthop 2013;144:166-7.

22 Dudic A, Giannopoulou C, Kiliaridis S. Factors related to the 
rate of orthodontically induced tooth movement. Am J Orthod 
Dentofacial Orthop 2013;143:616-21.

23 Van Leeuwen EJ, Kuijpers-Jagtman AM, Von den Hoff JW, 
Wagener FA, Maltha JC. Rate of orthodontic tooth movement 
after changing the force magnitude: an experimental study in 
beagle dogs. Orthod Craniofac Res 2010;13:238-45.

24 Yee JA, Turk T, Elekdag-Turk S, Cheng LL, Darendeliler MA. 
Rate of tooth movement under heavy and light continuous or-
thodontic forces. Am J Orthod Dentofacial Orthop 2009;136:150 
e1-9; discussion 50-1.

25 Bartzela T, Turp JC, Motschall E, Maltha JC. Medication effects 
on the rate of orthodontic tooth movement: a systematic litera-
ture review. Am J Orthod Dentofacial Orthop 2009;135:16-26.

26 Limpanichkul W, Godfrey K, Srisuk N, Rattanayatikul C. Ef-
fects of low-level laser therapy on the rate of orthodontic tooth 
movement. Orthod Craniofac Res 2006;9:38-43.

27 Verna C, Dalstra M, Melsen B. The rate and the type of ortho-
dontic tooth movement is influenced by bone turnover in a rat 
model. Eur J Orthod 2000;22:343-52.

CONTRIBUTIONS BY AUTHORS

Both authors contribted substantially


