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INTRODUCTION
Orthodontic treatment often runs beyond two years, and this duration 
carries real clinical costs — root resorption, enamel decalcication, 
and periodontal complications chief among them.

The biological rationale for surgically accelerated tooth movement 
rests on the Regional Acceleratory Phenomenon (RAP), a localized 
rise in bone turnover rst described by Frost in 1983.[1] Controlled 
surgical injury triggers RAP, producing transient osteopenia in the 
alveolar region; resistance to tooth movement falls as osteoclastic 
activity and inammatory mediators such as interleukin-1β (IL-1β) 
and tumor necrosis factor-alpha (TNF-α) are upregulated.[2]

Techniques for surgically accelerating tooth movement have moved 
from extensive corticotomy and Periodontally Accelerated Osteogenic 
Orthodontics (PAOO) toward less invasive alternatives.[3,4] Alikhani 
et al. introduced micro-osteoperforations (MOPs) in 2013 — small 
cortical perforations created with orthodontic mini-screws that induce 
a RAP-like response without raising a ap, making the technique more 
accessible clinically and better tolerated by patients.[5]

The clinical literature on MOPs, however, remains heterogeneous. 
Some randomized trials report substantial acceleration;[5] others 
report negligible effects.[6,7,8] A critical biological limitation of 
single-application protocols is the transient nature of RAP, which 
peaks within 2–4 weeks and subsequently diminishes as tissue enters 
the reparative phase. Repeated MOP application has been proposed to 
reinitiate the inammatory cascade and sustain accelerated bone 
remodeling beyond this window.

Evidence for repeated MOP protocols remains limited and 

inconsistent, with conicting ndings across trials attributed to 
methodological heterogeneity including perforation depth, force 
delivery system, and measurement methodology.[11] The present 
split-mouth randomized controlled trial was designed to evaluate the 
effectiveness of two sequential MOP applications, performed one 
month apart using orthodontic mini-implants, on the rate of maxillary 
canine retraction, anchorage loss, and patient-reported outcomes.

MATERIALS AND METHODS
Ethical approval and study design
This prospective split-mouth randomized controlled trial was 
conducted at the Department of Orthodontics and Dentofacial 
Orthopaedics, Guru Nanak Dev Dental College and Research Institute, 
Sunam, Punjab, India. Ethical clearance was obtained from the 
Institutional Ethics Committee. The study was conducted in 
accordance with the Declaration of Helsinki. The CONSORT 2010 
checklist was followed throughout.

Participants
Twenty-one patients (age range 16–23 years; mean 19.29 ± 2.21 years) 
were recruited. Inclusion criteria: requiring bilateral maxillary rst 
premolar extraction, complete permanent dentition to rst molars, no 
previous orthodontic treatment, systemically healthy, no active 
periodontal disease, non-smokers.

Randomization
The MOP-treated side was randomly allocated using coin-ip 
randomization at the commencement of canine retraction.

Orthodontic mechanics
Fixed pre-adjusted edgewise appliances (0.022-inch MBT 
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ABSTRACT
Background: Micro-osteoperforations (MOPs) delivered through orthodontic mini-implants offer a minimally invasive means of accelerating 
orthodontic tooth movement via a localized regional acceleratory phenomenon (RAP). Because RAP is transient and declines by four weeks, 
repeated MOP application has been proposed as a way to sustain acceleration, though supporting evidence remains mixed. Twenty-one Methods: 
patients (age 16–23 years) requiring bilateral maxillary rst premolar extraction were enrolled in a split-mouth randomized controlled trial. On the 
experimental side, three MOPs were placed distal to the maxillary canine using 1.5 × 8 mm miniscrews at baseline (T0) and again at one month 
(T1). Canine retraction was carried out bilaterally with 150 g nickel-titanium closed-coil springs, and dental casts were recorded at T0, T1, and T2. 
Pain was tracked with a Visual Analogue Scale (VAS).  Retraction on the MOP side exceeded the control side at T1 (1.52 ± 0.37 mm vs. Results:
1.06 ± 0.23 mm; p < 0.001; Cohen's d = 1.70) and cumulatively at T2 (3.12 ± 0.76 mm vs. 2.10 ± 0.43 mm; p < 0.001; Cohen's d = 2.12). Anchorage 
loss was clinically negligible (cumulative difference 0.034 mm; p = 0.051). MOP-related pain peaked at 12 hours (VAS 3.52) and had resolved by 
Day 5, and patient acceptance reached 90.5%.  Repeated mini-implant-assisted MOPs accelerate maxillary canine retraction across Conclusion:
two consecutive months, with negligible anchorage loss, self-limiting pain, and high patient acceptance.
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prescription) were placed. Anchorage was reinforced with second 
molar banding and a transpalatal arch (TPA). After bilateral maxillary 
rst premolar extraction, leveling and alignment were completed to a 
0.019 × 0.025-inch stainless steel archwire. Canine retraction 
commenced at least six months post-extraction to ensure healing and 
eliminate confounding RAP from extraction trauma.

Figure 1: Anchorage setup showing transpalatal arch stabilization 
and second molar banding.

Micro-osteoperforation procedure
MOPs were performed at baseline (T0) and repeated at one month (T1) 
on the experimental side. Local anesthesia was administered using 2% 
lidocaine with 1:100,000 epinephrine with topical surface anesthetic. 
Three perforations were created using 1.5 × 8 mm miniscrews (S.K. 
Surgicals, India) to a standardized depth of 4 mm into alveolar bone (2 
mm soft tissue + 4 mm cortical/medullary; protective sleeve preset at 6 
mm total). Perforations were placed distal to the canine: rst at 3 mm 
distal and 5 mm from the free gingival margin, subsequent perforations 
3 mm apart. Canine retraction was initiated bilaterally using 9 mm 
nickel-titanium closed-coil springs (Captain Niti, India) delivering 
150 g force (veried by force gauge). Acetaminophen was prescribed 
as needed; other NSAIDs were prohibited.

Figure 2: Clinical photographs of the MOP procedure. (a) Before 
procedure — canine position following leveling and alignment; (b) 
During MOP procedure — miniscrew insertion into alveolar bone 
distal to canine; (c) After MOP procedure — bleeding conrms 
cortical perforation; (d) Nickel-titanium closed-coil spring in position 
for canine retraction on MOP side.

Outcome measures
Primary outcome: rate of maxillary canine retraction. Secondary 
outcomes: anchorage loss and patient-reported pain. Dental casts 
(Neoalgin, Orikam Healthcare India) were obtained at T0, T1, and T2. 
A palatal rugae-referenced acrylic jig with stainless steel wire 
extensions was fabricated at T0 and repositioned on follow-up casts for 
standardized measurement. Canine retraction was measured as distal 
displacement of the canine cusp tip; anchorage loss as mesial 
movement of the rst molar cusp tip — both by digital vernier caliper. 
Pain was assessed by 10-point VAS at immediate, 1 hour, 12 hours, 
Day 1, Day 3, Day 5, and Day 7 following each MOP application. 
Patient satisfaction and procedural ease (0–10 VAS) and willingness to 
repeat/recommend (yes/no) were recorded at Day 7.

Figure 3: Study model records at T0, T1, and T2 demonstrating 
progressive canine retraction on the experimental side.

Figure 4: Palatal rugae-referenced acrylic transfer jig with 
stainless steel extensions used for standardized measurement of 
canine retraction and anchorage loss.

Statistical analysis
Statistical analysis was performed using SPSS v23.0 (IBM Corp., 
Chicago, IL, USA) with signicance set at p ≤ 0.05. Normality was 
assessed by Shapiro-Wilk test. Paired t-tests were used for inter-group 
and intra-group comparisons of normally distributed variables; 
Wilcoxon signed-rank tests for non-normally distributed VAS scores. 
Results are expressed as mean ± SD with 95% condence intervals. 
Effect size was calculated as Cohen's d. Binomial and McNemar's tests 
were used for categorical acceptance outcomes.

RESULTS
Sample and baseline
All 21 enrolled patients completed the study with no dropout. Baseline 
extraction space was comparable between sides (p > 0.05), conrming 
absence of confounding.

Primary outcome: canine retraction
At one month (T1), the MOP side demonstrated signicantly greater 
retraction than the control side (1.52 ± 0.37 mm vs. 1.06 ± 0.23 mm; 
mean difference 0.46 mm; 95% CI: 0.34–0.58 mm; p < 0.001; Cohen's 
d = 1.70), representing a 43.2% increase in monthly retraction velocity 
[Table 1, Figure 1].

Second-month retraction (T1–T2) was similarly signicant (MOP: 
1.60 ± 0.43 mm vs. conventional: 1.03 ± 0.26 mm; mean difference 
0.57 mm; 95% CI: 0.44–0.70 mm; p < 0.001; Cohen's d = 1.97), 
conrming the second MOP independently re-induced a full-
magnitude acceleratory response.

Cumulative two-month retraction favored the MOP side (3.12 ± 0.76 
mm vs. 2.10 ± 0.43 mm; mean difference 1.03 mm; 95% CI: 0.81–1.25 
mm; p < 0.001; Cohen's d = 2.12).

Figure 1: Inter-group comparison of mean canine retraction (mm) 
at T1 and T2. Error bars represent standard deviation. MOP: 
micro-osteoperforation side; Conv: conventional side.

Table 1: Inter-Group Comparison of Canine Retraction (mm) — 
Paired t-test, n = 21
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MOP: micro-osteoperforation side; SD: standard deviation; CI: 
condence interval; T0: baseline; T1: one month; T2: two months.

Secondary outcome: anchorage loss
Anchorage loss at one month showed a statistically signicant but 
clinically negligible inter-group difference (MOP: 0.163 ± 0.049 mm 
vs. conventional: 0.140 ± 0.049 mm; difference 0.024 mm; p = 0.018). 
Cumulative two-month anchorage loss did not differ signicantly 
(MOP: 0.332 ± 0.085 mm vs. conventional: 0.298 ± 0.103 mm; 
difference 0.034 mm; p = 0.051) [Table 2].

Table 2: Inter-Group Comparison of Anchorage Loss (mm) — 
Paired t-test, n = 21

*Statistically signicant but clinically negligible — difference within 
measurement resolution of digital vernier caliper. NS: not signicant.

Patient-reported outcomes
The control side recorded VAS = 0.00 ± 0.00 at all time points, 
attributing all MOP-side pain to the surgical intervention. Following 
the rst MOP, pain peaked at 12 hours (VAS 3.52 ± 1.44; p < 0.001) and 
resolved completely by Day 5. The second MOP produced an identical 
prole (peak 3.29 ± 1.15 at 12 hours). Cross-MOP comparison 
revealed no signicant inter-application differences at any time point 
(weekly mean: 1.027 ± 0.545 vs. 1.048 ± 0.541; p = 0.735), indicating 
no cumulative sensitization. Patient satisfaction was high (mean 
9.24/10) and the procedure was rated easy (0.95/10 difculty). 
Nineteen of 21 patients (90.5%) expressed willingness to repeat and 
recommend the procedure (p < 0.001).

DISCUSSION
This split-mouth RCT demonstrates that two sequential mini-implant-
assisted MOP applications, spaced one month apart, produce 
statistically signicant and clinically meaningful acceleration of 
maxillary canine retraction at both monthly intervals.

The foundational MOP trial by Alikhani et al.[5] reported a 2.3-fold 
increase in canine retraction over 28 days, attributed to upregulation of 
pro-inammatory cytokines and osteoclastic recruitment. More recent 
split-mouth RCTs employing comparable mechanics have reported 
30–100% acceleration, consistent with the present ndings.[7,12]

Trials reporting negligible MOP effects typically share identiable 
methodological limitations: insufcient perforation depth failing to 
breach cortex and access medullary bone; use of elastomeric chains 
with progressive force decay complicating interpretation; and reliance 
on 3D digital superimposition with landmark instability introducing 
measurement noise.[7,8] The present study addressed all three: 
standardized cortical penetration by mini-implant, constant-force NiTi 
mechanics, and a palatal rugae-referenced physical jig with 
demonstrated high reliability and a stable conventional control side 
(intra-group p = 0.570).

The trial's principal contribution lies in testing directly whether a 
repeated MOP re-induces RAP at full magnitude. This question 
follows from RAP's transient biology: osteoclastic activity peaks at 
2–4 weeks and returns to baseline within a month, according to 
biochemical studies.[9] Here, the Month 2 inter-group effect size (d = 
1.97) closely matched Month 1 (d = 1.70), and the MOP side showed 
no intra-group attenuation between months (p = 0.159) — evidence 

against biological habituation. Jaiswal et al.[10] offer biochemical 
support for this, having found renewed IL-1β elevation and 25% 
greater cumulative retraction with a two-time protocol. The growing 
cumulative advantage of the MOP side — 0.46 mm at one month, 1.03 
mm at two months — further points to a compounding clinical benet 
from repeated application.

The anchorage loss data need some context. The 0.024 mm difference 
at one month, while statistically signicant by paired t-test (p = 0.018), 
falls within the resolution of the digital vernier caliper and carries no 
real clinical weight. By two months, the cumulative difference was no 
longer signicant (p = 0.051), and there was no sign of progressive 
divergence between groups — consistent with RAP's effects staying 
localized to the extraction space rather than spreading to compromise 
anchorage.[14] Absolute anchorage values in this trial (0.30–0.33 mm 
over two months) were notably lower than the 0.5–1.0 mm typically 
reported for conventional anchorage systems, likely reecting the 
reinforcement provided by the TPA.[14]

Several limitations should be acknowledged. The two-month 
observation window does not allow assessment of longer-term effects 
or overall reduction in treatment duration. A sample of 21, though 
adequate given the large effect sizes, limits subgroup analysis. Without 
CBCT assessment, root resorption and alveolar bone changes could 
not be quantied. Operator blinding was not possible given the nature 
of the intervention, though outcome measurement was performed by a 
blinded examiner. The single-center design calls for multi-center 
replication.

CONCLUSIONS
Repeated mini-implant-assisted micro-osteoperforations, applied at 
baseline and again at one month, produce a signicant acceleration of 
maxillary canine retraction across both months, with a compounding 
cumulative advantage exceeding 1 mm over the two-month period. 
The second application re-induces RAP at full magnitude, without 
habituation or progressive compromise to anchorage. Pain remains 
acute and self-limiting and does not accumulate across applications, 
and patient acceptance is high. Repeated MOP application appears to 
be an effective, minimally invasive, and well-tolerated strategy for 
accelerating canine retraction in extraction-based orthodontic 
treatment.

ACKNOWLEDGMENTS
The authors are grateful to the patients who participated in this study.
Use of AI: Claude AI was used for grammar checking and language 
editing. The authors take full responsibility for the integrity of the 
content.

REFERENCES
[1]  Frost HM. The regional acceleratory phenomenon: a review. Henry Ford Hosp Med J. 

1983;31(1):3–9.
[2]  Krishnan V, Davidovitch Z. Cellular, molecular, and tissue-level reactions to 

orthodontic force. Am J Orthod Dentofacial Orthop. 2006;129(4):469.e1–32.
[3]  Wilcko WM, Wilcko T, Bouquot JE, Ferguson DJ. Rapid orthodontics with alveolar 

reshaping: two case reports of decrowding. Int J Periodontics Restorative Dent. 
2001;21(1):9–19.

[4]  Dibart S, Keser E, Nelson D. Piezocision-assisted orthodontics: past, present, and 
future. Semin Orthod. 2015;21(3):170–5.

[5]  Alikhani M, Raptis M, Zoldan B, Sangsuwon C, Lee YB, Alyami B, et al. Effect of 
micro-osteoperforations on the rate of tooth movement. Am J Orthod Dentofacial 
Orthop. 2013;144(5):639–48.

[6]  Sivarajan S, Ringgingon LP, Fayed MMS, Wey MC. The effect of micro-
osteoperforations on the rate of orthodontic tooth movement: A systematic review and 
meta-analysis. Am J Orthod Dentofacial Orthop. 2020 Mar;157(3):290-304. doi: 
10.1016/j.ajodo.2019.10.009.

[7]  Alkebsi A, Al-Maaitah E, Al-Shorman H, Abu Alhaija E. Three-dimensional assessment 
of the effect of micro-osteoperforations on the rate of tooth movement during canine 
retraction in adults with Class II malocclusion: a randomized controlled clinical trial. 
Am J Orthod Dentofacial Orthop. 2018;153(6):771–85.

[8]  Fattori L, Monnazzi MS, Moreira RWF, Gimenez CM. Is there clinical evidence for 
micro-osteoperforations to accelerate orthodontic tooth movement? Systematic review. 
Dent Press J Orthod. 2020;25(5):17–24.

[9]  Raghav P, Khera AK, Preeti P, Jain S, Mohan S, Tiwari A. Effect of micro-
osteoperforations on the rate of orthodontic tooth movement and expression of 
biomarkers: a randomized controlled clinical trial. Dental Press J Orthod. 2022 Jun 
6;27(1):e2219403.

[10]  Jaiswal AA, Siddiqui HP, Samrit VD, Duggal R, Kharbanda OP, Rajeswari MR. 
Comparison of the efcacy of two-time versus one-time micro-osteoperforation on 
maxillary canine retraction in orthodontic patients: a split-mouth randomized controlled 
clinical trial. Int Orthod. 2021;19(3):415–424. doi: 10.1016/j.ortho.2021.06.003.

[11]  AlShammery D, Alshafai NW, Alshahrani LA, Alhutayl SAA, Almasoud NN. Assessing 
the efcacy and safety of minimally invasive surgical techniques in enhancing 
orthodontic tooth movement: A systematic review and meta-analysis of randomized 
controlled trials. J Orthod Sci. 2026 Feb 21;15:10. doi: 10.4103/jos.jos_129_25. PMID: 
41816269; PMCID: PMC12974942.

[12]  Aboalnaga AA, Fayed MMS, El-Ashmawi NA, Soliman SA. Effect of micro-
osteoperforation on the rate of canine retraction: a split-mouth randomized controlled 
trial. Prog Orthod. 2019;20(1):21.

International Journal of Scientific Research 3

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 15 | Issue - 11 | November - 2026

Time Point
Conventional 
Mean ± SD 
(mm)

MOP Mean 
± SD (mm)

Mean 
Difference (95% 
CI)

p-value; 
Cohen's d

AL1 (one 
month)

0.140 ± 0.049
0.163 ± 
0.049

0.024 mm 
(0.005–0.043)

0.018; d = 
0.56*

AL2 (two 
months)

0.298 ± 0.103 0.332 ± 
0.085

0.034 mm 
(−0.000 to 
0.069)

0.051 
(NS)

Time Point
Conventiona
l Mean ± SD 
(mm)

MOP Mean 
± SD (mm)

Mean 
Difference 
(95% CI)

p-value; 
Cohen's d

T0–T1 
(Month 1)

1.063 ± 
0.229

1.522 ± 
0.370

0.459 mm 
(0.336–0.582)

< 0.001; d 
= 1.70

T1–T2 
(Month 2)

1.032 ± 
0.262

1.599 ± 
0.427

0.567 mm 
(0.436–0.697)

< 0.001; d 
= 1.97

T0–T2 
(Cumulative)

2.095 ± 
0.429

3.121 ± 
0.761

1.026 mm 
(0.805–1.246)

< 0.001; d 
= 2.12



[13]  Alikhani M, editor. Clinical Guide to Accelerated Orthodontics: With a Focus on Micro-
Osteoperforations. Cham: Springer; 2017.

[14]  Dos Santos CCO, Mecenas P, de Castro Aragón MLS, Normando D. Effects of micro-
osteoperforations performed with Propel system on tooth movement, pain, quality of 
life, anchorage loss, and root resorption: a systematic review and meta-analysis. Prog 
Orthod. 2020;21(1):27. doi: 10.1186/s40510-020-00326-4.

[15]  Attri S, Mittal R, Bala M, Aggarwal A, Parkash H, Bhakhar V, et al. Comparison of rate 
of tooth movement and pain perception during accelerated tooth movement associated 
with conventional xed appliances with micro-osteoperforations: a randomised 
controlled trial. J Orthod. 2018;45(4):225–33.

4 International Journal of Scientific Research

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 15 | Issue - 11 | November - 2026


