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triggers inflammation and leads to iatrogenic root resorption. Thus, a thorough
understanding of the biological aspects of OIIRR, including its pathophysiol-
ogy and repair processes, is essential for preventing or minimizing damage to
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1. Introduction

Orthodontically induced inflammatory root resorption (OIIRR) also called exter-
nal apical root resorption (EARR) is an undesirable pathologic sequelae of ortho-
dontic treatment [1]. It is defined as the process that leads to the loss of the dentin
and/or the cementum, resulting in the blunting and shortening of the root’s apex
[2].

It was first described by BATES in 1856. Later, in 1914, OTTOLENGUI linked
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it to orthodontics. Also, KETCHAM was the first to stimulate interest in apical
root resorption as a consequence of orthodontic treatment, leading to significant
subsequent research in this area [3].

OIIRR is considered as the second most common undesirable outcome of or-
thodontic treatment, trailing behind white spot lesions of the enamel [4]. Their
prevalence ranges widely from 20% to 100% among orthodontic patients. Mean-
while, severe cases are infrequent occurring between 1% and 5% [5].

The alterations in root length caused by OIIRR can lead to an unfavorable
crown-root ratio, particularly when patients are presenting concurrent alveolar
bone loss [5]. Therefore, this matter warrants careful attention, especially as an
increasing number of adults, who are more susceptible to periodontal diseases,
seek orthodontic treatment. Such imbalances can potentially result in tooth loss
and affect both the quality of life of patients and the outcomes of the orthodontic

treatment.

2. The Pathophysiology

Orthodontic Tooth Movement involves bone resorption and formation in the
compressed and stretched areas of the Periodontal Ligament (PDL), respectively.
Thus, the application of orthodontic force disrupts the natural balance within the
PDL, affecting blood circulation and localized conditions and triggering biochem-
ical and cellular responses, which makes them initiate a localized inflammatory
process [6]. This inflammatory response is crucial for both the tooth movement
and the leading of root resorption. When orthodontic forces surpass the resistance
and repair capacities of the periapical tissues, they result in a necrotic tissue zone
called the hyaline zone [7]. Upon removal of the hyaline zone, the layer of cemen-
toblasts on the outer surface of the tooth root may be removed, exposing the un-
derlying highly dense and mineralized cementum [7] [8].

Resorption carries on until all necrotic tissue is removed or until the intensity
of the orthodontic forces decreases [8]. The loss of substance resulting from this
resorptive process increases the surface of the root. This leads to a decrease of the
pressure that comes from the orthodontic force application [9].

Usually, cementum undergoes self-repair after orthodontic force cessation.
However, in instances of significant defects, the damage remains unrepaired, lead-
ing to sustained root resorption.

Another point to considerate is that the apical third of the root is especially
prone to iatrogenic harm from orthodontic procedures due to the periapical ce-
mentum’s increased fragility and susceptibility to injury under intense forces and
resulting vascular stasis.

In addition, the apical region of cementum has reduced hardness and elastic
modulus compared with the cervical region, which makes the area more vulnera-

ble to root resorption [7]-[9].

3. Risk Factors

The etiology of OIIRR is multifactorial and could be related to the combination
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of both host and mechanics factors [10].

Host factors are patient-related, such as age, gender, race, genetic predisposi-
tion, medical health and habits, family and dental history, alveolar bone density,
the condition and the initial dental malocclusion.

They also encompass oral habits and parafunctions as well, such as bruxism,
atypical swallowing, oral ventilation, thumb sucking, and onychophagia.

These habits involve complex patterns of muscle contraction that may increase
the risk of OIIRR [10] [11].

Infectious inflammation of periapical tissues and periodontal diseases are also
included as etiological factors that may induce OIIRR [10] [12].

Concerning root morphology, it influences the susceptibility of teeth to resorp-
tion, with compression areas being more prone. It has been suggested that teeth
with relatively short roots prior to orthodontic treatment are more likely to de-
velop resorption during the treatment. The shape of the root also seems to be as-
sociated with varying amounts of OIIRR. Teeth with pipette-shaped roots, apical
bends, or other abnormal shapes (pointed, eroded, blunt, bent, or bottle-shaped)
tend to have a higher risk of OIIRR [12].

Some teeth are more likely to be affected. The most commonly concerned, in
order, are maxillary incisors, mandibular incisors, canines, maxillary premolars,
and finally, the distal roots of the lower molars [12].

Orthodontic movement of teeth that have previously experienced trauma is
linked to adverse effects on the pulp and periodontal tissues. An increased rate of
root resorption is observed in previously traumatized teeth, especially in moderate
and severe traumas such as extrusive, lateral or intrusive luxations and avulsions
[13].

The host factors are beyond the clinician’s control. Nonetheless, it’s crucial for
orthodontists to identify them and pinpoint high-risk patients prior to starting
treatment. Patients flagged as high-risk should be made aware of the potential for
OIIRR and get monitored by periodic radiographic examination.

Meanwhile, mechanics factors are more of a concern to the clinician because
they can be manipulated and adjusted during orthodontic treatment to minimize
progressive root resorption.

Indeed, orthodontic treatment techniques, magnitude of the used forces and
prolonged treatment duration can increase the risk of root resorption [10] [13].
Studies showed that prolonged orthodontic forces lead to higher prevalence of
severe root resorption. Continuous forces increase the risk of root resorption
compared to intermittent forces, which allow for repair mechanisms to reduce
resorption [10] [14].

Concerning the direction of orthodontic forces, intrusive movements pose the
highest risk due to concentrated forces on the tooth’s apical region. To minimize
the impact of intrusion on the root resorption, it is recommended to use lighter
forces while controlling force direction and tooth positioning [10] [15].

Positioning TADs further forward (between the maxillary lateral incisor and
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canine) for incisor intrusion may exert stronger apical forces and increased com-
pression on blood vessels, potentially leading to greater OIIRR compared to TADs
placed further back (between the maxillary second premolar and the first perma-
nent molar) [16].

Retraction and torque movements may not directly increase the risk of OIIRR,
but factors such as the magnitude of applied forces, distribution of stress and total
apical displacement can enhance their impact on OIIRR. A greater extent of apical
displacement may indicate prolonged force application, leading to hyalinization
and subsequent OIIRR [1] [17].

Concerning the impact of the type of orthodontic device, OIIRR does not ap-
pear to be affected by the type of bracket ligation method (conventional/self-ligat-
ing) bracket prescription or the use of straight wire or standard edgewise brackets
[1] [16]. There was also no observed difference in OIIRR associated with different
archwire sequences [16] [18].

Studies suggest that aligners result in less incidence and severity of root resorp-
tion compared to fixed appliances [5] [19] [20]. This may be due to the nature of
intermittent and relatively light forces with these appliances, the simpler types of
tooth movement leading to smaller amounts of tooth displacement or apical
movement [16].

The decision between extraction and non-extraction orthodontic treatments
has a notable impact on OIIRR. Extraction of four bicuspids is associated with a
higher risk of OIIRR compared to non-extraction cases [21] [22]. This is likely
due to the greater distance that teeth need to be moved in extraction cases. Longer
movement distances require more force and treatment time, potentially leading
to increased OIIRR.

4. Diagnosis and Monitoring of OIIRR

A structured diagnostic approach is important to detect resorptions that can occur

during and/or after the active phase of orthodontic treatment.

4.1. Radiographic Methods

Radiographs provide clinicians with valuable information about the overall con-
dition of the dentition, presence of any pathology, root morphology, and bone
levels.

Currently, the primary method used to diagnose and monitor root resorption
involves radiography, where periapical, panoramic radiograph and lateral cepha-
logram are used.

Three-dimensional imaging technique such as Cone Beam Computed Tomog-
raphy (CBCT) is not routinely recommended unless specifically indicated, due to
concerns about radiation exposure and costs [9].

However, using 2D measurements to assess root resorption has shown inferior
accuracy and reliability compared to 3D measurements, as supported by various

studies [19] [22] [23]. They have demonstrated that root resorption values are
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often misestimated and less precise with 2D radiographs compared to CBCT.
Cephalometric radiographs commonly encounter superimposition, magnifica-
tion, and distortion. Likewise, panoramic radiographs are prone to distorting
tooth positions and inclinations. This imaging methods can potentially alter the
perceived length of roots due to differences in tooth inclination or angulation.

Concerning periapical radiographs, they serve as a useful screening tool for root
resorption, offering more accurate images with minimal distortion particularly
when using the paralleling technique compared to the bisecting technique [9].

Radiographic methods present various drawbacks and limitations when moni-
toring the progression of OIIRR, including the need for repeated radiation expo-
sure, the demanding methods of standardization, concerns about accuracy, and
the inability to detect early root resorption (approximately 60% - 70% of the min-
eralized tissue is lost prior to the identification) [24]-[26].

4.2. Methods Using Biological Markers

The use of biomarkers offers a more sensitive, specific, and safer approach com-
pared to conventional radiographs for detecting early root resorption. They are
based on the principle that orthodontic forces applied during treatment trigger an
inflammatory process, remodeling of alveolar bone (formation and resorption),
and subsequent root resorption. This sequence of events can be represented and
identified using appropriate biomarkers [9] [27].

Blood, saliva, and gingival crevicular fluid (GCF) are used as mediums to detect
OIIRR during active orthodontic treatment.

Various types of biomarkers have been explored for detecting OIIRR, including
inflammatory markers like tumor necrosis factor and interleukins markers related
to bone remodeling such as receptor activator of nuclear factor kappa B (RANKL),
and markers of dentine matrix proteins like dentine phosphoprotein (DPP), den-
tine sialoprotein (DSP), dentine matrix protein 1 (DMP 1), and dentine sialophos-
phoprotein (DSPP) [28] [29].

Pro-resorptive cytokines mainly interleukin IL-6 is identified as a key bi-
omarker for orthodontic tooth movement (OTM), as its levels increase signifi-
cantly during resorption. IL-6 production by periodontal ligament cells is influ-
enced by compressive forces, with heavy forces potentially inducing IL-6 release
and subsequent osteoclast activation, contributing to OIIRR [9] [29].

Several studies have also highlighted the potential of dentine matrix proteins as
specific biological indicators for OIIRR. This is due to their high specificity to
dentine, being absent in bone, cartilage, soft tissues, or other oral tissue compo-
nents.

These proteins are found in the periodontal ligament space solely during active
root resorption, as dentine lacks remodeling capabilities like cementum or bone.
Consequently, the concentration of these proteins correlates with the severity of
OIIRR [30] [31].

Other biomarkers may also be associated with OIIRR: Alkaline phosphatase
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levels increase significantly in patients with OIIRR, though the relationship with
thyroxine hormone remains controversial [22].

Calcitonin reduces orthodontic movement and may positively affect root re-
sorption, while osteocalcin administration in animal studies has been linked to
accelerated movement and potentially severe OIIRR. Parathyroid hormone (PTH)
and calcitonin work together to regulate bone calcium levels, with elevated PTH
associated with faster tooth movement and potentially increased OIIRR [28] [31]
[32].

5. Management of OIIRR

Patients must be informed about the risk of root resorption before beginning or-
thodontic treatment as part of the informed consent process. It is also crucial to
convey that orthodontists cannot currently predict which individuals might expe-
rience severe root resorption.

Several methods can help minimize OIIRR. These include using light intermit-
tent forces, particularly for intrusive and torque movements, reducing treatment
duration, controlling habits, and assessing family and medical history beforehand.

It is also recommended to avoid starting with large gauge wires and/or skipping
wire sizes, to avoid “back and forth” movements and high-risk tooth displace-
ments and to minimize the use of intermaxillary elastics [33] [34].

Annual radiological monitoring is recommended at 6 months of orthodontic
treatment. In Case of dental trauma, 3 months observation period is recom-
mended before treatment for mild trauma and 6 months observation period be-
fore treatment for moderate to severe trauma [13].

When OIIRR is detected, treatment plans should be reassessed to balance the
risks and benefits of continuing treatment. The latter may be continued, modified,
or terminated depending on OIIRR severity [35].

OIIRR typically requires at least 8 weeks for anatomical repair [36]. Therefore,
if the decision is to continue active treatment, whether with or without modifica-
tions, it is suggested to pause treatment for at least three months with passive
archwires or the exclusion of affected teeth from active forces [35] [37].

This enables the healing of cellular cementum and prevents further root resorp-
tion.

Follow-up radiographs should be taken before resuming treatment to ensure
that the resorption has stabilized. If resorption is still progressing, alternative
treatment options should be considered, and patients should be kept informed
with regular follow-up examinations.

After the orthodontic appliance is removed, resorption typically stabilizes. If it
does not, sequential root canal therapy with calcium hydroxide may be considered
[38].

Different procedures have been suggested, aiming to reduce the occurrence of
OIIRR, or to potentially repair it. These suggestions included several drugs, such

as steroidal and non-steroidal drugs [37], fluoride [39], calcitonin [32], and
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tetracycline [40].

Other non-invasive adjuncts have been proposed for the same purpose, such as
low-level laser therapy (LLLT) or photobiomodulation (PBMT), low-intensity
pulsed ultrasound (LIPUS) and mechanical vibrational force.

The use of low-level laser therapy (LLLT) has been shown to significantly re-
duce root resorption during orthodontic treatment.

LLLT is a nonthermal and biostimulatory technology that promotes cellular ab-
sorption of laser by the mitochondria of target tissues, which activates signaling
pathways and encourages vascularization, epithelialization and collagen synthesis.
It reduces inflammation and enhances bone repair.

Additionally, LLLT provides analgesic, biomodulatory, and anti-inflammatory
effects on dental tissues, which may positively influence OIIRR [41]. AlGaAs and
InGaAs are used for decreasing induced inflammatory root resorption, with wave-
length ranging from 660 nm to 980 nm. The average radiant power was ranging
from 20 to 360 mW, which 100-mW irradiation could be sufficient to offer a pos-
itive impact on root reduction [42].

In clinical trials where laser therapy was applied to patients undergoing ortho-
dontic procedures, those who received laser treatments had notably less root re-
sorption compared to those who did not receive laser therapy [36] [43].

Comparisons between different methods of laser application, such as pulsed
versus continuous therapy, did not show a significant difference in effectiveness.

While the optimal laser wavelength for LLLT is still undetermined, lower wave-
lengths may not deliver sufficient energy to the target tissues. In fact, studies using
lower laser wavelengths indicated less success in reducing root resorption, sug-
gesting that higher wavelengths might be more effective [36] [43].

Current findings reflect the effects of LLLT during the initial stages of ortho-
dontic treatment, highlighting the need for further research to explore the impact
of LLLT throughout the entire treatment duration and to identify the most effec-
tive laser wavelength for optimal results [44] [45].

Various application protocols have been reported in the literature. Some re-
quire a high frequency of patient visits, which is considered a major drawback.
For instance, protocols involving laser treatments on days 0, 3, 7, 14, and then
every 2 weeks demand frequent recalls. Alternatively, other protocols have been
proposed with less frequent laser treatments, such as every 3 weeks, offering
greater convenience to patients [46].

It has been shown that photobiomodulation application at single wavelength
application is more effective than cumulative increased wavelength application in
reducing percentage of resorption and resorption lacunae depths [47] [48]. How-
ever, some studies have shown that PBMT does not impact OIIRR, neither in-
creasing nor decreasing its occurrence [47]-[49].

Low-intensity pulsed ultrasound (LIPUS) is a noninvasive technique that has
been shown to enhance the healing process of OIIRR. Studies suggested that LI-

PUS has emerged as a promising intervention in this regard, displaying clinically
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meaningful results in reducing the severity of OIIRR [50] [51].

This method transmits mechanical energy into tissues as pressure waves, serv-
ing both diagnostic and therapeutic purposes [50]. It has a bio-stimulatory effect
on both osteoblasts and osteoclasts and increases the number and activity of cells
within the periodontal ligament (PDL) [52].

The mechanical stimulation from LIPUS is detected by receptors on the cell
membrane, such as integrins and G-protein coupled receptors (GPCR), activating
various mechanotransduction pathways in bone cells. Thus, it involves distrib-
uting stress concentration in the periodontal ligament (PDL) and enhancing the
expression of receptor activator of nuclear factor kappa-B ligand (RANKL) in fi-
broblasts and osteoclasts. This process may suggest a potential for reducing OIIRR
[53] [54].

The parameters influencing the application of LIPUS are determined by the
type of the device used (transducer) and the study protocol. These include pulse
width, frequency, pulse repetition frequency and the intensity at the transducer’s
surface area [55].

In general, the intensity of LIPUS falls within the range of ultrasound intensities
typically used for diagnostic purposes (1 - 50 mW/cm?). The devices emit an av-
erage of 200 us bursts of 1.5 MHz acoustic sine waves, which are repeated at a
modulation frequency of 1 kHz, delivering a global peak pressure of 30 mW/cm?
[47].

Typically, the device is used at home by the patient for 20 minutes daily, for a
duration ranging from 4 weeks to the entire treatment period [47] [55].

Despite recommendations for using mechanical vibration to shorten treatment
duration and reduce root resorption in orthodontics, there is insufficient evidence

to support these claims [56]-[58].

6. Conclusions

e Understanding the risk factors, the basic cellular events of tooth movement,
and the biological aspects of OIIRR is essential for preventing and/or minimiz-
ing damage to the apical region.

e A well-established diagnosis and monitoring, the adherence to biological prin-
ciples, and the application of optimal orthodontic forces are crucial for man-
aging OIIRR.

e Various interventions, such as low-level laser therapy (LLLT) or photobio-
modulation, low-intensity pulsed ultrasound (LIPUS) and mechanical vibra-
tional force, have been introduced to reduce the risk of OIIRR or enhance the
healing process. However, further studies are needed to develop proper usage

protocols and evaluate the long-term effects of these methods.

Acknowledgements

Special thanks to the department of Orthodontics of the Faculty of dentistry of the

University Hassan II of Casablanca.

DOI: 10.4236/0alib.1112254

8 Open Access Library Journal


https://doi.org/10.4236/oalib.1112254

Z. Safi-Eddine et al.

Conflicts of Interest

The authors declare no conflicts of interest.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

Villaman-Santacruz, H., Torres-Rosas, R., Acevedo-Mascarua, A. and Argueta-
Figueroa, L. (2022) Root Resorption Factors Associated with Orthodontic Treatment
with Fixed Appliances: A Systematic Review and Meta-analysis. Dental and Medical
Problems, 59, 437-450. https://doi.org/10.17219/dmp/145369

Yi, J., Li, M, Li, Y., Li, X. and Zhao, Z. (2016) Root Resorption during Orthodontic
Treatment with Self-Ligating or Conventional Brackets: A Systematic Review and
Meta-Analysis. BMC Oral Health, 16, Article No. 125.
https://doi.org/10.1186/s12903-016-0320-y

Ramanathan, C. and Hofman, Z. (2006) Root Resorption in Relation to Orthodontic
Tooth Movement. Acta Medica (Hradec Kralove, Czech Republic), 49, 91-95.
https://doi.org/10.14712/18059694.2017.117

Ageel, B.M,, Siraj, E.A., Zawawi, K.H. and Afify, A.R. (2021) The Prevalence of Root
Resorption after Orthodontic Treatment in Patients Attending a University Hospital
Dental Clinic. Journal of Pharmacy and Bioallied Sciences, 13, $965-5968.
https://doi.org/10.4103/jpbs.jpbs 82 21

Li, Y., Deng, S., Mei, L., Li, Z., Zhang, X., Yang, C., et al (2020) Prevalence and Se-
verity of Apical Root Resorption during Orthodontic Treatment with Clear Aligners
and Fixed Appliances: A Cone Beam Computed Tomography Study. Progress in Or-
thodontics, 21, Article No. 1. https://doi.org/10.1186/s40510-019-0301-1

Heboyan, A., Avetisyan, A., Karobari, M.I,, Marya, A., Khurshid, Z., Rokaya, D., et
al. (2022) Tooth Root Resorption: A Review. Science Progress, 105, 1-29.
https://doi.org/10.1177/00368504221109217

Yamaguchi, M. and Fukasawa, S. (2021) Is Inflammation a Friend or Foe for Ortho-
dontic Treatment?: Inflammation in Orthodontically Induced Inflammatory Root
Resorption and Accelerating Tooth Movement. International Journal of Molecular
Sciences, 22, Article 2388. https://doi.org/10.3390/ijms22052388

Kundal, S. (2019) An Insight into the Ubiquity of Root Resorption in Orthodon-
tics—A Review. International Journal of Dental Medicine, 5, 29-34.
https://doi.org/10.11648/].ijdm.20190501.15

Yazid, F., Teh, Y., Ashari, A., Ariffin, S.H.Z. and Wahab, RM.A. (2020) Detection
Methods of Orthodontically Induced Inflammatory Root Resorption (OIIRR): A Re-
view. Australasian Orthodontic Journal, 36, 101-107.
https://doi.org/10.21307/20j-2020-012

Wahab, R.M.A,, Shafiai, N.A.A. and Ariffin, S.H.Z. (2016) An Insight into Risk Fac-
tors for Root Resorption during Orthodontic Treatment. Journal of Medical Sciences,
17, 1-9. https://doi.org/10.3923/jms.2017.1.9

Thomas, I. (2021) Review of Current Medical Literature on Root Resorption in Or-

thodontics. Brazilian Journal of Implantology and Health Sciences, 3, 18-33.
https://doi.org/10.36557/2674-8169.2021v3nl1p18-33

Dogramaci, E.J., Decurcio, D.d.A., Chen, C.]., Estrela, C. and Rossi-Fedele, G. (2021)
Accuracy of Periapical and Panoramic Radiography for Detection of Root Morphol-
ogies: A Comparative Study. Brazilian Oral Research, 35, e065.

https://doi.org/lo.1590/1807—3lO7b0r—2021.Vol35.0065
Sandler, C., Al-Musfir, T., Barry, S., Duggal, M.S., Kindelan, S., Kindelan, J., et al.

DOI: 10.4236/0alib.1112254

9 Open Access Library Journal


https://doi.org/10.4236/oalib.1112254
https://doi.org/10.17219/dmp/145369
https://doi.org/10.1186/s12903-016-0320-y
https://doi.org/10.14712/18059694.2017.117
https://doi.org/10.4103/jpbs.jpbs_82_21
https://doi.org/10.1186/s40510-019-0301-1
https://doi.org/10.1177/00368504221109217
https://doi.org/10.3390/ijms22052388
https://doi.org/10.11648/j.ijdm.20190501.15
https://doi.org/10.21307/aoj-2020-012
https://doi.org/10.3923/jms.2017.1.9
https://doi.org/10.36557/2674-8169.2021v3n1p18-33
https://doi.org/10.1590/1807-3107bor-2021.vol35.0065

Z. Safi-Eddine et al.

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(2020) Guidelines for the Orthodontic Management of the Traumatised Tooth. Jour-
nal of Orthodontics, 48, 74-81. https://doi.org/10.1177/1465312520977498

Dawood, H.M., Kroeger, A., Chavda, V., Chapple, I.L.C. and Kebschull, M. (2023)
Under Pressure—Mechanisms and Risk Factors for Orthodontically Induced Inflam-
matory Root Resorption: A Systematic Review. European Journal of Orthodontics,
45, 612-626. https://doi.org/10.1093/ejo/cjad011

Seidel, C.L., Lipp, J., Dotzer, B., Janjic Rankovic, M., Mertmann, M., Wichelhaus, A.,
et al. (2023) Investigation of Forces and Moments during Orthodontic Tooth Intru-

sion Using Robot Orthodontic Measurement and Simulation System (Ross). Bioen-
gineering, 10, Article 1356. https://doi.org/10.3390/bioengineering10121356

Yassir, Y.A., McIntyre, G.T. and Bearn, D.R. (2020) Orthodontic Treatment and Root
Resorption: An Overview of Systematic Reviews. European Journal of Orthodontics,
43, 442-456. https://doi.org/10.1093/ejo/cjaa058

Weltman, B., Vig, K.W.L., Fields, H-W., Shanker, S. and Kaizar, E.E. (2010) Root Re-
sorption Associated with Orthodontic Tooth Movement: A Systematic Review.
American Journal of Orthodontics and Dentofacial Orthopedics, 137, 462-476.

https://doi.org/10.1016/j.2j0d0.2009.06.021

Alzahawi, K., Feerovig, E., Brudvik, P., Bee, O.E. and Mavragani, M. (2014) Root Re-
sorption after Leveling with Super-Elastic and Conventional Steel Arch Wires: A Pro-

spective Study. Progress in Orthodontics, 15, Article No. 35.
https://doi.org/10.1186/s40510-014-0035-z

Aldeeri, A., Alhammad, L., Alduham, A., Ghassan, W., Shafshak, S. and Fatani, E.

(2018) Association of Orthodontic Clear Aligners with Root Resorption Using Three-
Dimension Measurements: A Systematic Review. The Journal of Contemporary Den-
tal Practice, 19, 1559-1565. https://doi.org/10.5005/jp-journals-10024-2465

Fang, X,, Qi, R. and Liu, C. (2019) Root Resorption in Orthodontic Treatment with
Clear Aligners: A Systematic Review and Meta-Analysis. Orthodontics & Craniofacial
Research, 22, 259-269. https://doi.org/10.1111/0cr.12337

Samandara, A., Papageorgiou, S.N., Ioannidou-Marathiotou, I., Kavvadia-Tsatala, S.

and Papadopoulos, M.A. (2018) Evaluation of Orthodontically Induced External

Root Resorption Following Orthodontic Treatment Using Cone Beam Computed

Tomography (CBCT): A Systematic Review and Meta-analysis. European Journal of
Orthodontics, 41, 67-79. https://doi.org/10.1093/ejo/cjy027

Deng, Y., Sun, Y. and Xu, T. (2018) Evaluation of Root Resorption after Comprehen-
sive Orthodontic Treatment Using Cone Beam Computed Tomography (CBCT): A
Meta-Analysis. BMC Oral Health, 18, Article No. 116.

https://doi.org/10.1186/s12903-018-0579-2

Lund, H., Grondahl, K., Hansen, K. and Gréndahl, H. (2012) Apical Root Resorption
during Orthodontic Treatment: A Prospective Study Using Cone Beam CT. The An-
gle Orthodontist, 82, 480-487. https://doi.org/10.2319/061311-390.1

Tarallo, F., Chimenti, C., Paiella, G., Cordaro, M. and Tepedino, M. (2019) Bi-
omarkers in the Gingival Crevicular Fluid Used to Detect Root Resorption in Patients

Undergoing Orthodontic Treatment: A Systematic Review. Orthodontics & Cranio-
facial Research, 22, 236-247. https://doi.org/10.1111/ocr.12329

Andreasen, F.M., Sewerin, I., Mandel, U. and Andreasen, J.O. (1987) Radiographic
Assessment of Simulated Root Resorption Cavities. Dental Traumatology; 3, 21-27.
https://doi.org/10.1111/j.1600-9657.1987.tb00167.x

Chapnick, L. and Endo, D. (1989) External Root Resorption: An Experimental Radi-
ographic Evaluation. Oral Surgery, Oral Medicine, Oral Pathology, 67, 578-582.

DOI: 10.4236/0alib.1112254

10 Open Access Library Journal


https://doi.org/10.4236/oalib.1112254
https://doi.org/10.1177/1465312520977498
https://doi.org/10.1093/ejo/cjad011
https://doi.org/10.3390/bioengineering10121356
https://doi.org/10.1093/ejo/cjaa058
https://doi.org/10.1016/j.ajodo.2009.06.021
https://doi.org/10.1186/s40510-014-0035-z
https://doi.org/10.5005/jp-journals-10024-2465
https://doi.org/10.1111/ocr.12337
https://doi.org/10.1093/ejo/cjy027
https://doi.org/10.1186/s12903-018-0579-2
https://doi.org/10.2319/061311-390.1
https://doi.org/10.1111/ocr.12329
https://doi.org/10.1111/j.1600-9657.1987.tb00167.x

Z. Safi-Eddine et al.

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

https://doi.org/10.1016/0030-4220(89)90276-4

Yashin, D., Dalci, O., Almuzian, M., Chiu, J., Ahuja, R., Goel, A., et al. (2017) Markers
in Blood and Saliva for Prediction of Orthodontically Induced Inflammatory Root
Resorption: A Retrospective Case Controlled-Study. Progress in Orthodontics, 18,
Article No. 27. https://doi.org/10.1186/s40510-017-0176-y

Loberg, E.L. and Engstrém, C. (1994) Thyroid Administration to Reduce Root Re-
sorption. The Angle Orthodontist, 64, 395-400.
https://pubmed.ncbi.nlm.nih.gov/7802335/

Steven Tan, J.H., Yazid, F., Abu Kasim, N., Zainal Ariffin, S.H. and Megat Abdul
Wahab, R. (2022) Orthodontic Induced Inflammatory Root Resorption: The Process
Involved and Its Management—A Review of Literature. Sains Malaysiana, 51, 3371-
3381. https://doi.org/10.17576/jsm-2022-5110-21

Kereshanan, S., Stephenson, P. and Waddington, R. (2008) Identification of Dentine
Sialoprotein in Gingival Crevicular Fluid during Physiological Root Resorption and
Orthodontic Tooth Movement. The European Journal of Orthodontics, 30, 307-314.
https://doi.org/10.1093/ejo/cjn024

Mohd Zain, M.N., Md Yusof, Z., Basri, K.N., Yazid, F., Teh, Y.X., Ashari, A., et al.
(2022) Multivariate versus Univariate Spectrum Analysis of Dentine Sialophospho-
protein (DSPP) for Root Resorption Prediction: A Clinical Trial. BMC Oral Health,
22, Article No. 151. https://doi.org/10.1186/s12903-022-02178-2

Guan, L., Lin, S., Yan, W., Chen, L. and Wang, X. (2017) Effects of Calcitonin on
Orthodontic Tooth Movement and Associated Root Resorption in Rats. Acta Odon-
tologica Scandinavica, 75, 595-602. https://doi.org/10.1080/00016357.2017.1365375
Mohd Nasri, F.A., Zainal Ariffin, S.H., Karsani, S.A. and Megat Abdul Wahab, R.
(2020) Label-Free Quantitative Proteomic Analysis of Gingival Crevicular Fluid to
Identify Potential Early Markers for Root Resorption. BMC Oral Health, 20, Article
No. 256. https://doi.org/10.1186/s12903-020-01246-9

Karkazi, F., Lysy, J., Bitsanis, E. and Tsolakis, A. (2020) Orthodontically Induced Root
Resorption: An Updated Review. Balkan Journal of Dental Medicine, 24, 1-7.
https://doi.org/10.2478/bjdm-2020-0001

Sondeijker, C.F.W., Lamberts, A.A., Beckmann, S.H., Kuitert, R.B., van Westing, K.,
Persoon, S., et al. (2019) Development of a Clinical Practice Guideline for Orthodon-
tically Induced External Apical Root Resorption. European Journal of Orthodontics,
42, 115-124. https://doi.org/10.1093/ejo/cjz034

Mehta, S.A., Deshmukh, S.V., Sable, R.B. and Patil, A.S. (2017) Comparison of 4 and
6 Weeks of Rest Period for Repair of Root Resorption. Progress in Orthodontics, 18,
Article No. 18. https://doi.org/10.1186/s40510-017-0173-1

Gonzales, C., Hotokezaka, H., Matsuo, K., Shibazaki, T., Yozgatian, J.H.,,
Darendeliler, M.A., et al (2009) Effects of Steroidal and Nonsteroidal Drugs on Tooth
Movement and Root Resorption in the Rat Molar. The Angle Orthodontist, 79, 715-
726. https://doi.org/10.2319/072108-381.1

Pizzo, G, Licata, M.E., Guiglia, R. and Giuliana, G. (2007) Root Resorption and Or-
thodontic Treatment. Review of the Literature. Minerva Stomatologica, 56, 31-44.
https://pubmed.ncbi.nlm.nih.gov/17287705/

Gonzales, C., Hotokezaka, H., Karadeniz, E.I., Miyazaki, T., Kobayashi, E,
Darendeliler, M.A., et al. (2011) Effects of Fluoride Intake on Orthodontic Tooth
Movement and Orthodontically Induced Root Resorption. American Journal of Or-
thodontics and Dentofacial Orthopedics, 139, 196-205.

DOI: 10.4236/0alib.1112254

11 Open Access Library Journal


https://doi.org/10.4236/oalib.1112254
https://doi.org/10.1016/0030-4220(89)90276-4
https://doi.org/10.1186/s40510-017-0176-y
https://pubmed.ncbi.nlm.nih.gov/7802335/
https://doi.org/10.17576/jsm-2022-5110-21
https://doi.org/10.1093/ejo/cjn024
https://doi.org/10.1186/s12903-022-02178-2
https://doi.org/10.1080/00016357.2017.1365375
https://doi.org/10.1186/s12903-020-01246-9
https://doi.org/10.2478/bjdm-2020-0001
https://doi.org/10.1093/ejo/cjz034
https://doi.org/10.1186/s40510-017-0173-1
https://doi.org/10.2319/072108-381.1
https://pubmed.ncbi.nlm.nih.gov/17287705/

Z. Safi-Eddine et al.

(40]

(41]

[42]

(43]

[44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

https://doi.org/10.1016/j.aj0d0.2009.05.029

Baysal, A., Uysal, T., Ozdamar, S., Kurt, B., Kurt, G. and Gunhan, O. (2010) Compar-
isons of the Effects of Systemic Administration of L-Thyroxine and Doxycycline on

Orthodontically Induced Root Resorption in Rats. The European Journal of Ortho-
dontics, 32, 496-504. https://doi.org/10.1093/ejo/cipl124

Ang Khaw, C.M,, Dalci, O., Foley, M., Petocz, P., Darendeliler, M.A. and Papadopou-
lou, A.K. (2018) Physical Properties of Root Cementum: Part 27. Effect of Low-Level
Laser Therapy on the Repair of Orthodontically Induced Inflammatory Root Resorp-
tion: A Double-Blind, Split-Mouth, Randomized Controlled Clinical Trial. American
Journal of Orthodontics and Dentofacial Orthopedics, 154, 326-336.
https://doi.org/10.1016/j.ajod0.2018.04.022

Chintavalakorn, R., Saengfai, N.N. and Sipiyaruk, K. (2022) The Protocol of Low-
Level Laser Therapy in Orthodontic Practice. Journal of International Society of Pre-

ventive and Community Dentistry, 12, 267-286.
https://doi.org/10.4103/jispcd.jispcd 328 21

Ng, D., Chan, A.K., Papadopoulou, A.K., Dalci, O., Petocz, P. and Darendeliler, M. A.
(2017) The Effect of Low-Level Laser Therapy on Orthodontically Induced Root Re-
sorption: A Pilot Double Blind Randomized Controlled Trial. Furopean Journal of
Orthodontics, 40, 317-325. https://doi.org/10.1093/ejo/cjx065

Nayyer, N., Tripathi, T., Rai, P. and Kanase, A. (2021) Effect of Photobiomodulation
on External Root Resorption during Orthodontic Tooth Movement—A Randomized
Controlled Trial. International Orthodontics, 19, 197-206.
https://doi.org/10.1016/j.0rtho.2021.01.007

Michelogiannakis, D., Al-Shammery, D., Akram, Z., Rossouw, P.E., Javed, F. and Ro-
manos, G.E. (2019) Influence of Low-Level Laser Therapy on Orthodontically-In-
duced Inflammatory Root Resorption. a Systematic Review. Archives of Oral Biology;,
100, 1-13. https://doi.org/10.1016/j.archoralbio.2019.01.017

Eid, F.Y., El-Kenany, W.A., Mowafy, M.I. and El-Kalza, A.R. (2022) The Influence of
Two Photobiomodulation Protocols on Orthodontically Induced Inflammatory Root
Resorption (a Randomized Controlled Clinical Trial). BMC Oral Health, 22, Article
No. 221. https://doi.org/10.1186/s12903-022-02251-w

Vaddamanu, S.K., Alhamoudi, F.H., Vyas, R., Gurumurthy, V., Siurkel, Y., Ciccil,
M., et al. (2024) Attenuation of Orthodontically Induced Inflammatory Root Resorp-
tion by Using Low-Intensity Pulsed Ultrasound as a Therapeutic Modality—A Sys-
tematic Review. BMC Oral Health, 24, Article No. 67.
https://doi.org/10.1186/s12903-023-03741-1

Yong, J., Groger, S., Von Bremen, J., Martins Marques, M., Braun, A., Chen, X., et al
(2023) Photobiomodulation Therapy Assisted Orthodontic Tooth Movement: Poten-
tial Implications, Challenges, and New Perspectives. Journal of Zhejiang University-
Science B, 24, 957-973. https://doi.org/10.1631/jzus.b2200706

Ozturk, T. and Gul Amuk, N. (2020) Effects of Photobiomodulation at Different
Wavelengths on Orthodontically Induced Root Resorption in Orthodontic Retention
Period: A Micro-CT and RT-PCR Study. Lasers in Medical Science, 35, 1419-1429.
https://doi.org/10.1007/s10103-020-03014-1

Yousry, T., El-Harouni, N. and Enany, N. (2020) Effect of Low Level Laser on Root
Resorption with En Masse Maxillary Anterior Retraction: A Randomized Clinical
Trial. Egyptian Orthodontic Journal, 48, 23-36.
https://doi.org/10.21608/€0s.2015.78700

Goymen, M. and Gulec, A. (2019) Effect of Photobiomodulation Therapies on the

DOI: 10.4236/0alib.1112254

12 Open Access Library Journal


https://doi.org/10.4236/oalib.1112254
https://doi.org/10.1016/j.ajodo.2009.05.029
https://doi.org/10.1093/ejo/cjp124
https://doi.org/10.1016/j.ajodo.2018.04.022
https://doi.org/10.4103/jispcd.jispcd_328_21
https://doi.org/10.1093/ejo/cjx065
https://doi.org/10.1016/j.ortho.2021.01.007
https://doi.org/10.1016/j.archoralbio.2019.01.017
https://doi.org/10.1186/s12903-022-02251-w
https://doi.org/10.1186/s12903-023-03741-1
https://doi.org/10.1631/jzus.b2200706
https://doi.org/10.1007/s10103-020-03014-1
https://doi.org/10.21608/eos.2015.78700

Z. Safi-Eddine et al.

(52]

(53]

(54]

(55]

(56]

(57]

(58]

Root Resorption Associated with Orthodontic Forces: A Pilot Study Using Micro
Computed Tomography. Clinical Oral Investigations, 24, 1431-1438.
https://doi.org/10.1007/s00784-019-03155-w

Al-Dboush, R., Flores-Mir, C. and El-Bialy, T. (2021) Impact of Intraoral Non-phar-
macological Non-surgical Adjunctive Interventions on Orthodontically Induced In-
flammatory Root Resorption in Humans: A Systematic Review. Orthodontics & Cra-
niofacial Research, 24, 459-479. https://doi.org/10.1111/0cr.12476

Chung, S., Leung, K. and Cheung, W. (2014) Low-Magnitude High-Frequency Vi-
bration Enhances Gene Expression Related to Callus Formation, Mineralization and

Remodeling during Osteoporotic Fracture Healing in Rats. Journal of Orthopaedic
Research, 32, 1572-1579. https://doi.org/10.1002/jor.22715

El-Bialy, T., Farouk, K., Carlyle, T.D., Wiltshire, W., Drummond, R., Dumore, T., et
al. (2020) Effect of Low Intensity Pulsed Ultrasound (LIPUS) on Tooth Movement
and Root Resorption: A Prospective Multi-Center Randomized Controlled Trial.
Journal of Clinical Medicine, 9, Article 804. https://doi.org/10.3390/icm9030804

Raza, H., Major, P., Dederich, D. and El-Bialy, T. (2016) Effect of Low-Intensity
Pulsed Ultrasound on Orthodontically Induced Root Resorption Caused by Torque:
A Prospective, Double-Blind, Controlled Clinical Trial. The Angle Orthodontist, 86,
550-557. https://doi.org/10.2319/0003-3219-86.5.876

Yilmaz, H., Ozlu, F.C., Turk, T. and Darendeliler, M.A. (2021) The Effect of 12 Weeks
of Mechanical Vibration on Root Resorption: A Micro-CT Study. Progress in Ortho-
dontics, 22, Article No. 28. https://doi.org/10.1186/s40510-021-00369-1

Jing, D., Xiao, J., Li, X., Li, Y. and Zhao, Z. (2017) The Effectiveness of Vibrational
Stimulus to Accelerate Orthodontic Tooth Movement: A Systematic Review. BMC
Oral Health, 17, Article No. 143. https://doi.org/10.1186/s12903-017-0437-7

Lyu, C., Zhang, L. and Zou, S. (2019) The Effectiveness of Supplemental Vibrational
Force on Enhancing Orthodontic Treatment. a Systematic Review. European Journal
of Orthodontics, 41, 502-512. https://doi.org/10.1093/ejo/cjz018

DOI: 10.4236/0alib.1112254

13 Open Access Library Journal


https://doi.org/10.4236/oalib.1112254
https://doi.org/10.1007/s00784-019-03155-w
https://doi.org/10.1111/ocr.12476
https://doi.org/10.1002/jor.22715
https://doi.org/10.3390/jcm9030804
https://doi.org/10.2319/0003-3219-86.5.876
https://doi.org/10.1186/s40510-021-00369-1
https://doi.org/10.1186/s12903-017-0437-7
https://doi.org/10.1093/ejo/cjz018

	Diagnosis and Management of Orthodontically Induced Inflammatory Root Resorption: A Review
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. The Pathophysiology
	3. Risk Factors 
	4. Diagnosis and Monitoring of OIIRR
	4.1. Radiographic Methods
	4.2. Methods Using Biological Markers

	5. Management of OIIRR
	6. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

