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KEYWORDS ABSTRACT:
Apical Root Aim: This study aims to investigate the prevalence of apical root resorptions during
Resorption (ARR), orthodontic treatments.
Pan9ram1c Materials and Methods: This study examined the effects of fixed appliance orthodontic
Radiographs, Mean . . . . . .
: therapy on apical root resorption in 90 patients with various dental issues. Of these, 80
Root Resorption . . .
expressed interests in treatment, and only those who completed therapy were included.
Score (MRRS), .. . . .
Orthodonti Participants were selected based on comprehensive dental records, including pre- and post-
(.) Onie treatment panoramic X-rays. Exclusion criteria included prior orthognathic surgery,
Appliance, . . . . . .
Orthodonti congenital anomalies, poor X-ray quality, systemic health conditions, previous dental
odontic trauma, and bruxism. Informed consent was obtained from all. We documented pre-
Treatment

treatment parameters, focusing on tooth extractions, and analysed pre- and post-treatment
X-rays of 60 patients. Root lengths of maxillary and mandibular teeth were measured from
the root apex to the incisal edge or cusp tip. Apical root resorption was assessed using the
Levander and Malmgren classification, ranging from O (no changes) to 4 (severe
resorption). The cohort was divided into two groups: Group I (40 patients with extractions)
and Group II (40 patients without extractions), aiming to compare root resorption metrics
and the impact of extractions on root stability.

Statistical Analysis and Results: This study examined the characteristics and treatment
outcomes of 80 patients, aged 14 to 33, seeking orthodontic care, with a nearly equal gender
distribution of 41 males and 39 females. Participants were divided into two groups: Group
I, consisting of 40 patients who underwent tooth extractions, and Group II, comprising 40
patients treated with fixed appliances without extractions. In Group I, the baseline Mean
Root Resorption Score (MRRS) for the upper anterior region was 0.37 + 0.15 before
treatment. Post-treatment, this score increased to 0.47 + 0.24, indicating significant root
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resorption associated with extractions. In Group II, the pre-treatment MRRS was 0.35 +
0.14, with a post-treatment score of 0.41 + 0.17, reflecting less impact on root resorption.
Statistical analyses, including the Mann-Whitney U test and Pearson Chi-Square test, were
employed to evaluate gender differences and treatment effects, while Table 6 presents a
comprehensive summary of root resorption across both groups using one-way ANOVA.
Overall, the findings enhance understanding of the effects of extraction versus non-
extraction orthodontic treatments on root structure, guiding best practices to balance
effective outcomes with dental integrity.

Conclusion: This study concluded that ARR is common and is particularly pronounced in
upper central incisors. Key contributing factors include extended treatment durations and
specific orthodontic forces, especially during intrusive movements and torque applications.
Younger patients are especially vulnerable to severe resorption, highlighting the need for
careful treatment planning.

Introduction most detailed three-dimensional evaluation, Cone-Beam
Computed Tomography (CBCT) is regarded as the gold
standard. CBCT provides in-depth imaging of the root
morphology, enabling clinicians to detect and analyse
the complexities of ARR that traditional two-
dimensional images might overlook.>” When

Apical Root Resorption (ARR) is a dental condition
characterised by the irreversible reduction or loss of a
tooth's root structure, particularly at the apex, which is
the tip of the root. This phenomenon is often an
unintended consequence of orthodontic treatment,

where mechanical forces applied to the teeth can impact quantifying root length, a digital vernier calliper with an

accuracy of 0.01 mm is widely accepted and utilised as
a reliable measurement tool. This precision minimises
human error and affords clinicians the accuracy needed
to evaluate the degree of resorption effectively.
However, it is essential to consider biological and

the surrounding bone and root structures.'? However,
various other factors can also contribute to the
development of ARR, including dental trauma, bacterial
infections, systemic health issues, and individual patient
factors such as genetic predisposition and anatomical
variations. If left unaddressed, ARR can significantly
compromise the long-term health and viability of the
affected tooth, leading to complications such as
mobility, increased susceptibility to dental infections,

intrinsic variables that may influence root structure and
resorption patterns, including individual differences in
dental anatomy, healing capabilities, and genetic factors
that could predispose some patients to greater risks of
ARR3!® To quantitatively assess the severity of

and ultimately, the potential loss of the tooth. The ) )
External Apical Root Resorption, the Levander and

progressive nature of ARR emphasises the importance
of early diagnosis and intervention to preserve dental
integrity.>* The diagnosis of ARR commonly involves
the wuse of dental radiographs, with panoramic
radiographs (Orthopantomograms or OPGs) being
frequently employed due to their availability and cost-
effectiveness. OPGs provide a comprehensive view of

Malmgren scoring system is frequently employed,
which ranges from 0 to 4. A score of 0 indicates no
resorption, while a score of 4 signifies that more than
one-third of the root has been lost. This scoring system
provides a structured framework for evaluating
resorption severity; however, practitioners should be

. D . . that th li 2D i h
the entire dental arch, which is beneficial for initial aware tha ¢ fefiance on radiographs - can

evaluations of dental health; however, they often lack
the detail necessary to fully assess the extent and
precise location of root resorption. In contrast,
periapical (PA) X-rays are more effective for localised
examinations as they offer a higher resolution view of
the root structures and surrounding tissues, allowing for
more accurate measurements of root length. For the

potentially lead to an overestimation of resorption
severity compared to the more precise evaluations that
3D imaging techniques offer.!!!3 The objective of this
study is to investigate the prevalence and contributing
factors associated with apical root resorption occurring
during orthodontic treatment. By understanding the
prevalence, risk factors, and implications of ARR,
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dental professionals can develop more effective
management strategies and mitigation plans to address
the risks linked with orthodontic tooth movement,
ultimately enhancing patient outcomes and preserving
dental health.

Materials and Methods

This study undertook a comprehensive investigation
into the effects of fixed appliance orthodontic therapy
on apical root resorption within a well-defined cohort of
90 patients, each presenting with a range of aesthetic,
functional, and discomfort-related dental issues. Out of
this broader population, 80 individuals expressed a clear
interest in pursuing orthodontic intervention to address
their concerns, prompting a focused analysis on this
subgroup. Notably, all participants in this selected group
had successfully completed their fixed appliance
therapy prior to the study. To ensure the integrity,
reliability, and validity of our findings, we meticulously
selected participants based on their comprehensive
dental records. These records included detailed pre- and
post-treatment panoramic X-rays, which provided
critical insights into the morphological changes in root
structure. Additionally, only those individuals who did
not display significant medical histories that could
potentially confound the research outcomes were
included in the study. The exclusion criteria were
rigorously applied to eliminate potential biases and
included individuals with a history of previous
orthognathic surgery, congenital anomalies—such as
cleft lip or palate—that could impact dental anatomy
and treatment response, as well as those presenting with
inadequate X-ray quality that might obscure root
visibility. We also excluded patients with systemic
health conditions, prior dental trauma, or impacted
teeth, which could compromise the orthodontic process.
Furthermore, individuals with parafunctional habits,
such as bruxism, were excluded due to the risk of
exacerbating root resorption. Lastly, patients with
mental health disorders that could affect treatment
compliance or understanding were not included in our
study to maintain a focus on reliable participant
behaviour and perception. Informed consent was
obtained from all participants prior to inclusion in the
study, ensuring that each individual was fully aware of
the study's purpose, methodologies, and potential
implications of their involvement. This thorough
approach was designed to uphold ethical standards and
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the reliability of the research outcomes. We rigorously
documented pre-treatment parameters, with a specific
focus on whether tooth extractions were necessary
during orthodontic therapy. Out of the 80 participants,
we analysed the pre- and post-treatment X-rays of 60
patients meeting our stringent criteria. Our
measurement protocol involved assessing the root
lengths of maxillary and mandibular teeth, specifically
from the central incisors through to the first permanent
molars. Tooth length was defined as the distance from
the root apex to the midpoint of the incisal edge or cusp
tip, allowing for precision in measurement. To quantify
apical root resorption, we calculated the differences in
tooth lengths pre- and post-treatment, specifically
examining the left and right central incisors, lateral
incisors, premolars, and first molars in both arches.
External apical root resorption (EARR) was evaluated
using the Levander and Malmgren classification system,
which assigns scores ranging from 0 to 4:Score 0: No
visible changes noted at the root apex, Score 1:
Irregularities in the root contour without any significant
resorption, Score 2: EARR measuring less than 2 mm,
Score 3: EARR ranging from 2 mm to one-third of the
total root length, Score 4: EARR surpassing one-third of
the original root length. Post-scoring, the mean root
resorption score (MRRS) was calculated for each
patient, categorised into four distinct groups based on
tooth location: upper anterior, upper posterior, lower
anterior, and lower posterior. The study focused on an
overall patient cohort of 80 individuals, who were
systematically divided into two distinct groups for a
thorough comparative analysis. Group I comprised 40
patients who underwent tooth extractions as part of their
orthodontic treatment, while Group II included 40
patients treated without the need for extractions. The
primary objective was to examine and compare the pre-
and post-treatment metrics of root resorption, utilising
panoramic X-rays as the diagnostic tool. This
methodology allowed for an in-depth investigation into
the prevalence and severity of apical root resorption
linked to the use of fixed orthodontic appliances. The
results of this research are expected to provide valuable
insights into the potential complications associated with
different orthodontic treatment modalities, specifically
the impact of extractions on root stability. By
understanding these outcomes, the study aims to inform
orthodontic practice, ultimately leading to improved
patient care, enhanced treatment strategies, and better
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long-term  outcomes for individuals undergoing
orthodontic interventions.

Statistical Analysis and Results

In this study, we utilised SPSS version 29.0 for our
statistical analyses, leveraging its robust capabilities for
handling social science data. We employed the chi-
square test to assess differences in proportions across
various cohorts. For comparing root resorption levels
between genders and distinguishing between extraction
and non-extraction cases, we applied the Mann-Whitney
U test. We looked at how therapy type, treatment
duration, overjet measurements, and post-treatment
MRRS are related to each other by using Bivariate
Correlation Analyses. Our multiple regression analysis,
with MRRS as the dependent variable, integrated age,
gender, and therapy type, overjet, and treatment
duration as independent variables. This detailed
analytical approach ensured a comprehensive
understanding of the trends and relationships inherent in
our dataset.

Results

This study explored the characteristics and treatment
outcomes of a diverse cohort of 80 patients who sought
orthodontic care, ranging in age from 14 to 33 years.
The participant demographic included 41 males and 39
females, highlighting a nearly equal gender distribution.
A detailed breakdown of these demographics is
presented in Table 1, while Graph 1 visually conveys
key demographic factors, such as the distribution of
ages and the proportions of each gender among the
study participants. To enable a thorough comparative
analysis of treatment outcomes, the patients were
systematically categorized into two distinct groups
based on their specific orthodontic needs. Group I
comprised 40 patients whose treatment plans mandated
tooth extractions due to various orthodontic issues,
reflecting a range of complexities in their cases. In
contrast, Group II included 40 patients who received
orthodontic treatment via fixed appliances, successfully
addressing their dental alignment issues without the
necessity for extractions. This division allowed for a
focused examination of the effectiveness and impacts of
different orthodontic approaches. Table 2 presents the
baseline Mean Root Resorption Score (MRRS) for
Group I (n=40) prior to the initiation of orthodontic
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treatment. To assess potential differences in root
resorption between genders, a gender-based analysis
was conducted using the Mann-Whitney U test.
Additionally, the statistical significance of the findings
was evaluated with the Pearson Chi-Square test. The
results revealed that in Group I, the upper anterior
region exhibited an average MRRS of 0.37 £ 0.15,
indicating the initial levels of root resorption prior to the
commencement of any orthodontic interventions.
Following the completion of treatment, Table 3 details
the post-treatment MRRS for the extraction group
(n=40). The same robust statistical methodologies were
employed to investigate any gender differences in root
resorption among the orthodontic patients in this group.
Notably, the upper anterior region demonstrated an
average MRRS of 0.47 + 0.24 post-treatment,
suggesting a significant increase in root resorption
following extraction-related treatment. In contrast,
Table 4 outlines the pre-treatment mean root resorption
score for patients in Group II (n=40), who received
fixed orthodontic appliances without the need for
extractions. Applying the established gender-based
statistical methodologies, the average MRRS for the
upper anterior region was determined to be 0.35 + 0.14,
reflecting the baseline condition of root structure prior
to the initiation of treatment in this non-extraction
cohort. Table 5 further summarizes the post-treatment
MRRS for Group II (n=40). Similar to the first group,
gender differences in root resorption scores were
analyzed using the Mann-Whitney U test and the
Pearson Chi-Square test. The results revealed an upper
anterior average of 0.41 + 0.17, indicating a notable
difference in the impact of traditional orthodontic
treatment methods on root resorption when extractions
are not performed. Finally, Table 6 consolidates the
statistical analysis of root resorption across all groups
through one-way ANOVA. This comprehensive
statistical analysis provides valuable insights into the
comparative effects of extraction versus non-extraction
orthodontic treatments on root resorption scores,
contributing to the understanding of orthodontic
treatment implications on dental health and the
preservation of root structure. The findings aim to
inform best practices in orthodontics, ensuring a balance
between effective treatment outcomes and the
preservation of dental integrity.
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Table 1: Age & gender based statistical description of contributing patients

Age Group (Yrs) Male Female Total P value
14-17 7 6 13 0.03
18-21 9 16 0.60
22-25 7 7 14 0.01"
26-29 8 9 17 0.80
30-33 10 10 20 0.50
Total 41 39 80 *Significant

*p<0.05 significant

Graph 1: Patients demographic distribution and associated details

25 H Male
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Table 2: Group 1 (n=40) Patients who underwent fixed orthodontic treatment with extractions had their mean root
resorption score (MRRS) assessed before treatment. Gender-based analysis of root resorption utilised the Mann-Whitney
U test, while the Pearson Chi-Square test evaluated the significance of outcomes. This approach enhances understanding

of gender differences in root resorption among orthodontic patients

Pearson Chi-
Segment Mean Std. Dev. Std. Error 95% CI Square df p value
Value
Upper
. 0.37+0.15 1.19 1.15 1.09 1.07 1.09 1.0
Anterior
Upper
. 0.10+£0.12 1.05 1.03 1.02 1.05 1.02 0.2*
Posterior
L
OWEr 1 0.1940.17 111 1.14 1.08 1.07 1.08 | 0.01%
Anterior
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Lower

. 0.14+0.16 1.09 1.17 1.08 1.18 1.02 0.06
Posterior

*p<0.05 significant

Table 3: Group 1 (n=40) Patients who underwent fixed orthodontic treatment with extractions had their mean root
resorption score (MRRS) assessed post-treatment. Gender-based analysis of root resorption utilised the Mann-Whitney U
test, while the Pearson Chi-Square test evaluated the significance of outcomes. This approach enhances understanding of
gender differences in root resorption among orthodontic patients

Pearson Chi-
Segment Mean Std. Dev. Std. Error 95% CI Square df p value
Value

UPper | 471024 230 2.17 2.19 2.07 2.19 1.0
Anterior

Upper | 5040.19 225 223 2.12 121 2.12 0.2%
Posterior

L

OWer 1 027022 221 232 2.18 2.09 2.12 0.07

Anterior

Lower 1 16.0.18 2.20 2.13 2.12 1.12 2.12 0.08
Posterior

*p<0.05 significant

Table 4: Group 2 (n=40): Patients who underwent fixed orthodontic treatment non-extraction had their mean root
resorption score (MRRS) assessed before treatment. Gender-based analysis of root resorption utilised the Mann-Whitney
U test, while the Pearson Chi-Square test evaluated the significance of outcomes. This approach enhances understanding
of gender differences in root resorption among orthodontic patients

Pearson Chi-
Segment Mean Std. Dev. Std. Error 95% CI Square df p value
Value
Upper | 3510.14 1.15 1.19 1.09 1.05 101 | 0.01*
Anterior
Upper
. 0.09+0.11 1.10 121 1.10 1.12 104 | 007
Posterior
L
OWer 1 0.15+0.15 1.17 1.17 1.07 1.04 107 | 0.01*
Anterior
L
OWET 1 0.03+0.14 1.03 1.20 1.05 1.09 102 | 0.06
Posterior
*p<0.05 significant
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Table 5: Group 2 (n=40) Patients who underwent fixed orthodontic treatment with non-extractions had their mean root
resorption score (MRRS) assessed post-treatment. Gender-based analysis of root resorption utilised the Mann-Whitney U
test, while the Pearson Chi-Square test evaluated the significance of outcomes. This approach enhances understanding of
gender differences in root resorption among orthodontic patients

Pearson Chi-
Segment Mean Std. Dev. Std. Error 95% CI Square df p value
Value
Upper
. 0.41£0.17 2.29 2.14 2.17 2.07 2.09 1.0
Anterior
Upper | 154016 223 2.20 2.16 1.19 202 | 02%
Posterior
Lower 1 554027 220 2.19 2.15 2.19 208 | 0.07
Anterior
L
OWEr 1 0.07+0.10 2.17 2.16 2.14 1.19 207 | 0.06
Posterior
*p<0.05 significant

Table 6: Estimation amongst all studied groups using one-way ANOVA

Mean Sum of Level of Sig.
Variables Degree of Sum of Squares F
Freedom > Squares my. ®)
B
ctween 6 2.530 2.457 1.9 0.01%
Groups
Within Groups 34 2.440 2.645 _
Cumulative 267.14 17.454 *p<0.05 significant
Discussion health.!*!5 Villaman-Santacruz H et al showed in their

Bartzela T et al reviewed in their study that apical root
resorption (ARR) is a frequently encountered yet often
challenging consequence of orthodontic treatment,
distinguished by the irreversible loss of tooth structure
specifically at the root apex. This condition can
considerably affect the long-term health and stability of
the tooth, as well as its functional capabilities. As a
result, it plays a significant role in determining the
overall success of orthodontic care. Despite the inherent
challenges posed by ARR, proactive monitoring, timely
interventions, and strategic management during the
orthodontic process can often either prevent its
occurrence or significantly reduce its impact on dental
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study that the actiology of ARR is complex and
multifactorial. It encompasses a variety of factors,
including genetic predispositions, systemic health
conditions, previous dental history, and the specific
orthodontic techniques employed during treatment. The
application of orthodontic forces is particularly critical;
extensive research has demonstrated a consistent
correlation between higher force magnitudes and an
increased risk of severe root resorption. In contrast,
lighter, more precisely controlled applications of force
have been associated with a lower incidence of ARR.
This observation underscores the imperative need for
individualised treatment plans where orthodontic forces
are meticulously calibrated to align with each patient's
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unique anatomical and biological characteristics.!®!”

Nieto-Nieto N et al included in their study that ARR
commences when the mechanical pressures placed upon
the cementum, the protective tissue surrounding the
tooth roots, exceed its natural ability to self-repair. Such
excessive pressure can result in the exposure of
underlying dentin, thereby rendering the tooth roots
susceptible to odontoclasts, which are specialised cells
responsible for the resorption of bone and tooth
structure. The resorption process is frequently
exacerbated in areas containing necrotic tissue, as these
compromised sites become targets for orthodontic
forces, ultimately increasing the vulnerability of the root
structures to resorption.'®!” Parashos P et al reviewed in
their study In clinical practices, panoramic radiography
is commonly employed for the assessment of ARR,
given its capability to provide a broad view of the jaw
anatomy and the interrelationships between teeth.
However, this imaging technique is not without its
drawbacks; distortions and limitations in detail in
specific areas can hinder accurate assessments. To
achieve more precise measurements of apical
resorption, dental professionals frequently utilise digital
Vernier callipers, either on radiographs or directly on
extracted teeth. This approach facilitates enhanced
diagnostic accuracy and allows for more detailed
evaluations of the extent of resorption.?’ Shukla NK et
al reviewed in their study that while this scoring system
is effective for classifying severity, it is important to
note that it has been criticised for potentially leading to
an overestimation of resorption levels when utilising
traditional two-dimensional radiographic techniques. In
response to these limitations, advancements in imaging
technology, particularly with the advent of three-
dimensional imaging modalities like cone-beam
computed tomography (CBCT), have significantly
improved the accuracy of assessments related to root
morphology and resorption evaluations. CBCT offers
enhanced visualisation of root structures, enabling a
more precise characterisation of ARR. This underscores
a progressive shift in the diagnostic landscape within
orthodontics, emphasising the integration of advanced
imaging techniques in clinical practice. Such
advancements are crucial not only for improving patient
safety but also for optimising treatment efficacy and
ultimately enhancing the outcomes of orthodontic
care.> Kaur J et al showed in their study that to
systematically assess the severity of ARR, clinicians
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often rely on the Levander and Malmgren scoring
system, which categorises the severity of resorption on
a scale from 0 to 4: Score 0: No observable signs of
resorption, indicating a healthy root structure and no
concerns for future complications. Score 1: Mild
contour irregularities on the root surface are noted,
suggesting the very early onset of resorption. Score 2:
Less than 2 mm of root loss is observed, indicating a
moderate level of concern that warrants careful
monitoring. Score 3: A loss ranging from 2 mm to one-
third of the root structure is present, reflecting
significant structural compromise and a need for
potential intervention. Score 4: Over one-third of the
root has been resorbed, indicating severe structural
compromise that may necessitate changes to treatment
approach or heightened clinical vigilance.?

Conclusion

In light of the limitations inherent in the study, findings
indicated that ARR is a common occurrence in
orthodontics, with a reported prevalence ranging from
20% to as high as 100%. Notably, this phenomenon is
particularly pronounced in anterior teeth, with upper
central incisors showing a heightened susceptibility.
Several key factors contribute to the development of
ARR, including extended treatment durations and
specific orthodontic force mechanics, notably those
associated with intrusive movements and torque
applications. Younger patients appear to be particularly
vulnerable to experiencing severe resorption, raising
important considerations for treatment planning and
patient management within this demographic. Given
these insights, future studies could benefit from a
comparative analysis of ARR across various orthodontic
appliance types, such as fixed appliances versus clear
aligners. This research could further evaluate the impact
of specific tooth movements, including both intrusion
and extrusion, on the likelihood of developing ARR.
Additionally; it would be valuable to investigate
potential risk factors that may predispose individuals to
ARR, including genetic predispositions  and
inflammatory  responses.  Employing  advanced
radiographic imaging techniques, such as panoramic
radiography, could enhance the accuracy of diagnoses
and facilitate a more thorough understanding of the
condition. Moreover, research needs to focus on the
intricate interactions between different types of
orthodontic forces, specifically those related to intrusion
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and torque, treatment duration, and the application of
newer techniques such as aligners. By utilising
panoramic  radiographic  imaging for  precise
measurements, researchers can better uncover the
underlying mechanisms that contribute to ARR. These
findings underscore the urgent need for ongoing
research to further elucidate the complex interplay of
factors associated with ARR and to refine clinical
practices within the orthodontic and periodontal fields.
This understanding is vital for developing strategies
aimed at preventing ARR and ensuring more favourable
outcomes for patients undergoing orthodontic treatment.
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