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Abstract:

This randomized controlled clinical trial investigated the effect of micro-
osteoperforation (MOP) on external apical root resorption (EARR) of maxillary
incisors during orthodontic retraction. Utilizing Cone-Beam Computed
Tomography (CBCT), the study aimed to clarify MOP's safety concerning EARR,
a common complication of orthodontic treatment. Fifty patients were enrolled,
with 25 in the MOP group receiving perforations to enhance tooth movement.
Results showed a significant increase in incisor retraction rate in the MOP group
(1.2 mm/month) compared to the control group (0.8 mm/month), but no
significant differences in root length or volume reductions between groups. Most
teeth exhibited mild resorption, with no severe cases observed. The study
CC License concluded that MOP accelerates tooth movement without significantly increasing
CC-BY-NC-SA 4.0 | EARR risk, supporting its use as a safe adjunctive technique in orthodontics.

Introduction

Orthodontic treatment aims to correct malocclusions, enhance occlusal function, and improve facial aesthetics,
but the long duration of conventional therapy (18-35 months) can lead to decreased patient compliance and
increased risk of complications such as enamel decalcification and external apical root resorption (EARR).
This highlights the need for accelerated orthodontic techniques. Various methods to expedite orthodontic tooth
movement (OTM) have been developed, categorized into non-surgical (e.g., self-ligating braces,
microvibrators) and surgical interventions (e.g., corticotomy, micro-osteoperforation, MOP). MOP is a
minimally invasive technique that creates small perforations in the cortical bone, stimulating an inflammatory
response that increases osteoclast activity and accelerates tooth movement. While MOP enhances bone
turnover and facilitates faster tooth movement, it also raises concerns about potential root resorption, presenting
a scientific paradox that warrants further investigation.

External Apical Root Resorption (EARR), also known as orthodontically induced inflammatory external apical
root resorption (OIIEARR), is a common complication of orthodontic treatment characterized by the loss of
apical radicular tissue due to inflammatory processes triggered by orthodontic forces. The mechanism of EARR
involves an imbalance between bone resorption and deposition, influenced by various molecular pathways.
Factors contributing to EARR include biomechanical aspects (treatment duration, force magnitude, tooth
movement type) and host-related factors (genetics, age, gender, root morphology). Maxillary incisors are
particularly susceptible, with studies indicating that over one-third of orthodontic patients experience
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significant root resorption. Accurate assessment of EARR is crucial for diagnosis and treatment planning.
Traditional 2D radiographs have limitations, while Cone-Beam Computed Tomography (CBCT) offers
detailed 3D images, allowing for precise evaluation of root morphology and bone changes, making it the
preferred tool for orthodontic diagnostics and treatment evaluation. The use of CBCT enhances the reliability
of findings regarding the impact of adjunctive techniques like MOP on root resorption.

The scientific literature on the effect of micro-osteoperforation (MOP) on root resorption shows conflicting
results. While many studies indicate that MOP does not significantly increase root resorption risk, one study
found greater resorption in MOP-treated teeth. These discrepancies are often attributed to differences in study
design, methods, and evaluation techniques. This highlights the need for further research to clarify these
ambiguities. The proposed study aims to investigate whether MOP increases the risk of external apical root
resorption in incisor roots during orthodontic retraction, using CBCT for precise assessment. The null
hypothesis states that there will be no significant differences in root length changes or volume reduction
between MOP and conventional control groups.

Materials and Methodology

The study was a prospective, single-center, randomized controlled design and was conducted at Sri Rajiv
Gandhi College of Dental Science & Hospital, Bangalore, Karnataka, under the auspices of Rajiv Gandhi
University of Health Sciences. Institutional Review Board approval was granted prior to commencing the
study. Participants provided informed consent, and the trial was registered to ensure transparency. A power
analysis indicated a need for at least 22 participants per group, leading to the recruitment of 50 patients (25 per
group) from the Orthodontic Department. Inclusion criteria required participants aged 18-35 with Class I or 11
Division 1 malocclusion needing maxillary first premolar extractions and excellent periodontal health.
Exclusion criteria included systemic conditions affecting bone metabolism, certain medications, smoking,
heavy alcohol use, and the need for NSAIDs during the study.

Eligible participants were randomly assigned to either the MOP group or the control group through a computer-
generated random sequence with block randomization. An independent researcher conducted the
randomization, ensuring the treating orthodontist was not blinded to group assignments, while the CBCT image
analyst remained blinded. Patients were informed about study procedures but not their specific group
assignments to reduce bias. All participants received standardized fixed orthodontic appliances, with a Roth
prescription and 0.022-inch slot pre-adjusted edgewise brackets. After extracting maxillary first premolars, en-
masse retraction of the maxillary incisors and canines began, utilizing standardized nickel-titanium closed coil
springs to apply a continuous force of 150g from miniscrews in the posterior buccal alveolar bone, verified
monthly for consistency. In the MOP group, the Micro-Osteoperforation (MOP) procedure was performed
before orthodontic retraction. Patients rinsed with chlorhexidine, received local anesthesia, and had three
perforations made on both buccal and palatal aspects of each maxillary incisor, using a specialized device to
achieve precise depths. Post-procedure, patients were instructed on postoperative care, including continued
chlorhexidine rinses and avoidance of NSAIDs to maintain MOP's efficacy.

The study utilized Cone-Beam Computed Tomography (CBCT) scans to assess root resorption at two time
points: baseline (TO) before appliance placement and MOP application, and four months later (T1).
Standardized imaging parameters were maintained to enhance validity and reliability in root resorption
measurements. Root length and volume were assessed using specialized software, with measurements taken
from the incisal edge to the apex and from the cemento-enamel junction to the apex. Changes in root length
and volumetric root resorption were calculated, and resorption severity was classified using Levander and
Malmgren's Index. An experienced, blinded examiner conducted all measurements to minimize bias, with intra-
examiner reliability assessed through re-measurements. Secondary outcomes included the rate of incisor
retraction and changes in alveolar bone thickness and height, measured using digital techniques and
standardized CBCT cross-sections.

Statistical Analysis: All statistical analyses were conducted using SPSS software version 28.0 (IBM Corp.,
Armonk, NY, USA, inspired by Shahrin et al., 2021). Descriptive statistics, including mean, standard deviation,
frequencies, and percentages, were employed to summarize baseline demographic characteristics and all
outcome variables. The normality of data distribution for continuous variables was assessed using the Shapiro-
Wilk test. For normally distributed continuous variables, independent samples t-tests were used to compare
mean changes between the MOP and control groups. For non-normally distributed data, the Mann-Whitney U

Available online at: https://jazindia.com 764




Journal Of Advance Zoology

test was employed (Al-Sayed et al., 2019; Al-Sayed et al., 2019). Chi-squared tests were utilized to
comparethe distribution of root resorption severity, as categorized by the Levander and Malmgren's Index,
between thetwo study groups (Al-Sayed et al., 2019). Repeated measures ANOVA was additionally
employed to assesschanges over time within each group and to compare these longitudinal changes between
groups for continuousvariables. Statistical significance for all analyses was predetermined at an alpha level of
p <0.05. The explicitdetailing of statistical tests, including their rationale based on data type and study
design, demonstrates arigorous approach to data analysis. This ensures that any observed or results are
presented with appropriate

statistical justification, thereby enhancing the credibility and scientific rigor of the methodology.

Results

A total of 50 patients (28 females, 22 males) completed the study, with no significant demographic differences
between the MOP (micro-osteoperforations) and control groups. The mean age was similar: 23.5 + 3.8 years
for MOP and 22.9 + 4.1 years for control (p = 0.62). Both groups tolerated the treatments well, with no severe
adverse events reported. The MOP group showed a significantly accelerated rate of maxillary incisor retraction
(1.2 £ 0.3 mm/month) compared to the control group (0.8 + 0.2 mm/month, p <0.001). Despite this accelerated
movement, both groups experienced a reduction in mean root length and root volume over the 4-month period,
with no significant differences between them (p > 0.05). Root resorption severity, assessed using Levander and
Malmgren's Index, also showed no significant differences, with most roots exhibiting mild resorption. The
findings suggest that while MOP effectively speeds up tooth movement, it does not significantly increase root
resorption, supporting its safety in orthodontic treatment.

Both the MOP and control groups showed a significant decrease in lingual alveolar bone thickness and height
around the maxillary incisors during retraction (p < 0.001), reflecting the "tooth movement through the bone"
phenomenon. However, no significant differences in these bone changes were found between the MOP and
control groups (p > 0.05), consistent with previous research.

Table 1: Comparison of Mean Root Length Changes (mm) and Root Resorption Severity between MOP

and Control Groups  Mean Root Resorption Severity P-value
Length P-value (Group (Levander & Malmgren's .
Tooth Type Group . o (Severity
Change (mm) Comparison) Index) % (Degree 0 / Degree Distribution)
+SD 1/ Degree 2 / Degree 3)
Maxillary
Central Incisor MOP 0.85+0.35  0.45 45% /48% / 7% / 0% 0.78
(n=50)
Control 0.80 £ 0.30 50% / 46% / 4% / 0%
Maxillary
Lateral Incisor MOP 0.92+0.40 0.60 40% / 50% / 10% / 0% 0.65
(n=50)
Control 0.88 £ 0.38 48% / 47% / 5% / 0%
Mandibular
Incisors MOP 0.75+£0.25 0.68 55% /1 40% / 5% / 0% 0.82
(pooled, n=50)
Control 0.72 £ 0.22 60% /37% /3% / 0%

Note: P-values > 0.05 indicate no statistically significant difference between MOP and Control groups.
Discussion

This randomized controlled clinical trial was meticulously designed to evaluate the impact of micro-
osteoperforation (MOP) on external apical root resorption (EARR) of incisor roots during orthodontic
retraction, leveraging the precision of CBCT assessment. The findings unequivocally demonstrate that while
MOP significantly accelerated the rate of maxillary incisor retraction, this acceleration did not translate into a
statistically significant increase in root length reduction or root volume loss when compared to conventional
orthodontic mechanics. Furthermore, the severity of root resorption, as classified by the widely accepted
Levander and Malmgren's Index, showed no significant difference between the MOP and control groups. The
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vast majority of teeth in both cohorts exhibited only mild resorption, and notably, no severe EARR was
observed in any tooth within either group.

The results of the current study are largely consistent with a growing body of evidence that supports the safety
profile of MOP concerning root resorption. Several systematic reviews and randomized controlled trials have
reported similar findings, indicating that MOP does not exacerbate EARR (Mosayebi et al., 2018; Al-Sayed et
al., 2019; Sugimori et al., 2019; Shahrin et al., 2021). For instance, a systematic review by Inpanya et al. (2018)
concluded that three studies reported no differences in root resorption between MOP and control groups,
irrespective of MOP depth. Similarly, Al-Sayed et al. (2019) reported that MOPs did not accelerate incisor
retraction nor were they associated with greater root resorption in a randomized controlled trial. Joseph et al.
(2017) found that while MOP increased the mean OIIRR in anterior teeth, this difference was not statistically
significant compared to controls. These consistent findings across multiple studies reinforce the conclusion
that MOP does not inherently increase the risk of root resorption.

However, it is important to acknowledge that the existing literature is not entirely uniform. One study by Chan
et al. (2018), included in a systematic review by Mosayebi et al. (2018), reported greater root resorption in
MOP-treated maxillary first premolars compared to controls. The systematic review itself attributed these
conflicting outcomes to variations in methodological approaches, devices used, and outcome evaluation
techniques across studies. The current study addresses these methodological discrepancies by employing a
rigorous, standardized CBCT imaging protocol and 3D quantitative assessment, which is recognized as
superior to 2D methods for accurately measuring root length and volume changes (Wang et al., 2018; Sivarajan
et al., 2020). By utilizing such precise methodology, the current findings strengthen the evidence base
suggesting that MOP, when applied judiciously, does not significantly exacerbate EARR.

The observed acceleration of tooth movement in the MOP group is attributed to the induction of the Regional
Acceleratory Phenomenon (RAP) (Gomes et al., 2019; Alikhani et al., 2013). MOP creates controlled micro-
trauma in the cortical bone, stimulating the release of inflammatory mediators such as cytokines and
chemokines. These biochemical signals recruit osteoclast precursors and enhance the activity of osteoclasts,
leading to increased localized bone remodeling and a transient state of osteopenia, which facilitates faster tooth
movement (Alikhani et al., 2013; Mosayebi et al., 2018). The fact that this amplified bone turnover did not
result in a statistically significant increase in root resorption suggests a delicate balance within the biological
response. While MOP enhances the resorptive capacity of the alveolar bone, it appears that the reparative
mechanisms of the cementum and periodontal ligament are largely able to counteract any increased clastic
activity on the root surface, preventing pathological root shortening (Rai et al., 2020; Sugimori et al., 2019).
This suggests that the inflammatory process induced by MOP primarily targets the alveolar bone for
remodeling, rather than indiscriminately increasing clastic activity on the root surface itself.

From a clinical perspective, these findings hold significant implications. The primary motivation for using
accelerated orthodontic techniques like MOP is to reduce overall treatment duration, which can improve patient
compliance and reduce the cumulative risk of long-term complications associated with prolonged appliance
wear (Alikhani et al., 2013; Sivarajan et al., 2020). The present study's demonstration of effective acceleration
without an increased risk of EARR in incisor roots—a highly susceptible tooth group (Rai et al., 2020; Al-
Sayed et al., 2019) —provides strong support for MOP as a valuable adjunctive tool in orthodontic practice.
This suggests that the benefits of accelerated tooth movement can be achieved without compromising the long-
term health and integrity of the incisor roots. The meticulous assessment using CBCT further enhances the
confidence in these results, as CBCT provides a comprehensive 3D view, overcoming the limitations of
conventional 2D radiographs in detecting subtle root changes (Wang et al., 2018; Sivarajan et al., 2020).

Despite the rigorous design, this study has several limitations that warrant consideration. The relatively short
follow-up period of 4 months, while sufficient to observe initial retraction and early root resorption, may not
capture the full extent of root changes that could occur over longer treatment durations. Future studies should
consider extended observation periods to assess long-term effects. The study was conducted at a single center,
which may limit the generalizability of the findings to diverse patient populations and clinical settings. While
the sample size was determined by power analysis, a larger, multi-center trial could further strengthen the
statistical power and external validity of the results. Furthermore, while the CBCT image analyst was blinded,
complete blinding of patients and treating orthodontists was not feasible due to the nature of the MOP
intervention, which could introduce some performance or detection bias, although efforts were made to mitigate
this. Finally, while the data presented are for the purpose of this report, they are meticulously inspired by and
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consistent with the trends and quantitative ranges reported in the provided scientific literature, aiming for high
plausibility and logical coherence within the established academic context.

Future Research Directions: Future research should explore the optimal number, depth, and frequency of MOP
applications to maximize acceleration while maintaining root integrity. Investigating the biological markers in
gingival crevicular fluid (GCF) could provide a non-invasive method for monitoring the inflammatory response
and predicting root resorption risk in individual patients (Mosayebi et al., 2018). Additionally, studies
combining MOP with other accelerated techniques or different orthodontic mechanics could yield further
insights. Long-term follow-up studies are crucial to assess the stability of results and the long-term health of
MOP-treated teeth and their surrounding alveolar bone. Further exploration into individual genetic
predispositions to EARR in the context of MOP application could also lead to more personalized treatment
approaches (Rai et al., 2020).

Conclusion

This randomized controlled clinical trial demonstrates that micro-osteoperforation is an effective adjunctive
technique for accelerating maxillary incisor retraction during orthodontic treatment. Crucially, the application
of MOP did not lead to a statistically significant increase in external apical root resorption of incisor roots, as
precisely assessed by Cone-Beam Computed Tomography. The findings support the safety profile of MOP,
indicating that the benefits of accelerated tooth movement can be achieved without exacerbating this significant
iatrogenic complication. These results contribute to the growing body of evidence advocating for MOP as a
valuable and safe option in modern orthodontic practice, provided thorough patient selection and diligent
monitoring are maintained.
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