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I11. ABBREVIATIONS

e 2D: Two-dimensions.

e 3D: Three-dimensions.

e AAC: Acellular Afibrillar Cementum.

e AC: Aesthetic Component.

e AEFC: Acellular Extrinsic Fiber Cementum.
e ANS: Anterior nasal spine.

e BMP: Bone morphogenetic proteins.

e CBCT: Cone beam computed tomography.
e CEJ: Cemento-enamel Junction.

e CIFC: Cellular Intrinsic Fiber Cementum.
e CMSC: Cellular Mixed Stratified Cementum.
e CT: Computed tomography.

e DHC: Dental Health Component.

e EARR: External apical root resorption.

e ECR: External cervical resorption.

e EGF: Epidermal growth factor.

e EIR: External inflammatory resorption.

e ESR: External surface resorption

e FGF: Fibroblast growth factor.

e IGF: Insulin growth factors.

¢ |IR: Internal inflammatory resorption.

e |L-1B: Interleukin 1 beta.

vii



IOTN: Index of Orthodontic Treatment Need.

IRR: Internal replacement root resorption.

NSAIDs: Non-steroidal anti-inflammatory drugs.
OPG: Osteoprotegerin.

OPT: Panoramic radiograph.

PNS: Posterior nasal spine.

PTH: Parathyroid hormone.

RANKL: Receptor activator of nuclear factor kappa-B ligand.
RANKL.: Receptor activator of nuclear factor kappa-B.
SNP: Single nucleotide polymorphisms.

TGF-f: Transforming growth factor-g.

TNF: Tumor necrosis factor.

TNSALP: Tissue-nonspecific alkaline phosphatase.
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Sabit Ortodontik Tedaviyi Takiben Maksiller Keser Dislerde Olusan Siddetli Kok
Rezorpsiyonun Risk Faktorlerinin Degerlendirilmesi

Ogrenci Ad1: Bashar Mohammad Daoud Shahrure

Danisman Adi: Prof. Dr. Zeynep Ahu Acar

Anabilim Dali: Ortodonti Anabilim Dali, Dis Hekimligi Fakiiltesi, Marmara Universitesi

1. OZET

Amag: Bu calismanin amaci maksiller kesici dislerde, sabit ortodontik tedavi sirasinda
siddetli dis kok rezorpsiyon prevalansin (Malmgren et al. Skor 4) retrospektif olarak
belirlemek ve kok rezorpsiyonu i¢in olasi predispozan faktorleri degerlendirmektir.
Gere¢ ve Yontem: Dis kok rezorpsiyonunun potansiyel predispozan faktorlerini
belirlemek icin 1990-2019 yillar1 arasinda tedavi edilen 7000 hastanin tedavi kayitlar
incelendi, hastalarin kayitlarindan asagidaki veriler alindi: tedavinin baslangicindaki
yas, cinsiyet, kok morfolojisi , overjet, overbite, tedavi yontemi (gekim, ¢ekimsiz),
tedavi stiresi, maksiller kesici kisimlardaki bukkal ve palatal alveoler kemik kalinlig1 ve
insizal kok apislerinin ve insizal kenarlarin hareket miktari. KOk rezorpsiyonu ile
predispozan faktorler arasindaki iliski (chi square) testi ile degerlendirildi.

Bulgular: Siddetli dis kok rezorpsiyonu prevalansi% 3.23 idi ve sonuglar degiskenler
icin gruplar arasinda anlamli bir farklilik oldugunu gostermistir: tedavi modalitesi
(cekim), artmis tedavi siiresi, alveolar kemigin kortikal kalinlig1 ve tedavi sonunda
kesici hareket miktart.

Sonug: Cekim, artan tedavi siiresi, ince alveolar kemik ve asir1 kesici dis hareketinin
ortodontik tedaviyi takiben maksiller kesici diglerde ciddi kok rezorpsiyonu igin risk
faktorleri oldugu sonucuna varilabilir.

Anahtar kelimeler: Ortodonti, eksternal kok rezorpsiyonu, anterior disler, kok
morfolojisi, kemik kalinligi.



Evaluation of risk factors for severe apical root resorption in the maxillary incisors
following fixed orthodontic treatment

Student Name: Bashar Mohammad Daoud Shahrure

Name of Supervisor: Prof. Dr. Zeynep Ahu Acar

Department: Department of Orthodontics, Faculty of Dentistry, Marmara University

2. SUMMARY

Objective: The aim of this study was to retrospectively determine the prevalence of
severe external root resorption (Score 4 according to Malmgren et al.), in maxillary
incisors, during fixed orthodontic treatment and to evaluate the possible predisposing
factors for root resorption.

Material and Methods: The treatment records of 7000 patients who have been treated
between years 1990 and 2019 at the Department of Orthodontics Faculty of Dentistry
Marmara University were examined to determine the prevalence and the predisposing
factors of external root resorption. The following data was retrieved from the patients'
records: age at the beginning of the treatment, gender, root morphology, overjet,
overbite, treatment modality (extraction, non-extraction), treatment duration, buccal and
palatal alveolar bone thickness for the maxillary incisors, and amount of movement of
the incisal root apices and incisal edges. The relationship between root resorption and
the predisposing factors was assessed using chi square and independent t-tests.
Results: The prevalence of severe external root resorption was 3.23%, and the results
have demonstrated significant difference between the groups for the variables: treatment
modality (extractions), increased treatment duration, cortical thickness of the alveolar
bone, and amount of incisor movement at the end of the treatment.

Conclusion: It can be concluded that extractions, increased treatment duration, thin
alveolar bone, and excessive incisor movement represent risk factors for severe root
resorption  in  maxillary  incisors  following  orthodontic  treatment.
Keywords: Orthodontics, external root resorption, maxillary incisors, root morphology,

bone thickness.



3. INTRODUCTION AND AIM

External apical root resorption (EARR) is an undesirable side effect commonly
associated with orthodontically induced tooth movement (Artun et al., 2009; Bartley et
al., 2011). As it is considered a borderline phenomenon between cost-benefit and
iatrogenesis, root resorption gained its importance due to being highly frequent with
potential biological damage to the patients. Moreover, it has potential legal implications
in daily orthodontic practice.

External apical root resorption (EARR) is part of the biological reaction of the
orthodontic treatment; notwithstanding, it should not be considered as either normal or
physiologic, but clinically acceptable. Many approaches and guidelines can prevent the
occurrence of this pathology during orthodontic treatment, thereby avoiding and
reducing the number of teeth affected or its severity (Consolaro, 2005).

The diagnosis of (EARR) is generally performed using periapical and panoramic
radiographs (Blake etal., 1995; Rego et al., 2004; Sameshima and Sinclair, 2001) , and
it is usually asymptomatic; only when partial root loss due to severe resorption occurs is
when the function and retention of the affected teeth may be compromised (Dudicetal.,
2009; Picanco et al., 2013). Malmgren proposed a teeth classification into scores
(Malmgren et al., 1982) to assess EARR severity. It is a visual qualitative method that is
relatively subjective, and it has the advantage of not depending on the standardization of
the radiograph (Martins et al., 2012).

Root resorption classification score according to Malmgren et al. (Malmgren et
al., 1982) is as follows: Score 0 — absence of resorption; Score 1 — irregularity in the
apical root contour; Score 2 —resorption of up to 2 mm; Score 3 —resorption from 2 mm
up to 1/3 of the root; Score 4 — loss greater than 1/3 of the root length.

Most cases of EARR are mild and clinically insignificant (Harry and Sims,
1982). However, the longevity of the dentition and, consequently, the stability of the
orthodontic treatment could be at risk, if there is moderate resorption limited to one third
of the apex, and more particularly in cases of severe resorption affecting more than one

third of root length.



The etiology and mechanisms of action of EARR of orthodontic origin are not
entirely clear; several studies (Kurol and Owman-Moll, 1998; Mirabella and Artun,
1995; Owman-Moll et al., 1996) have discussed a multifactorial etiology involving both
individual factors (age, systemic disease, individual susceptibility, root morphology,
genetic factors, etc.) and factors related to the orthodontic treatment (duration,
extractions, type of appliance, force applied, amplitude of movement, etc.).

Anterior maxillary teeth are proved to be more likely to present severe EARR
than teeth located in the mandibular arch (Liou and Chang, 2010). It was also shown that
patients treated with intrusion mechanics combined with anterior retraction had
statistically greater maxillary incisor root resorption than those treated with anterior
retraction without intrusion (Martins et al., 2012). This can happen due to the greater
tooth movement needed to close extraction spaces (Freitas et al., 2007; Mirabella and
Artun, 1995), especially when associated with intrusive mechanics (Chiqueto et al.,
2008), and torque movement (Parker and Harris, 1998), which overburdens the dental
root apex.

In addition to the previous factors, factors like proximity between the roots of
maxillary central incisors and the cortical bone of the socket, the incisive canal and the
alveolar bone on the buccal surface, combined with the type of movement may explain
the higher incidence of severe EARR in these teeth (Motokawa et al., 2012).

On the other hand, if the extraction space is used to relieve crowding, which is
most likely to occur in the mandibular arch, incisors might not undergo major retractions
(Nanekrungsan et al., 2012).

It was found that teeth with complete root formation at the beginning of the
orthodontic treatment are more likely to develop severe EARR. Teeth with incomplete
root formation at the beginning of orthodontic treatment continue to develop their roots
during therapy (Lopatiene and Dumbravaite, 2008).

The periodontal ligament of adult patients becomes less vascularized, aplastic
and narrow; the bone becomes denser, avascular and aplastic; and the cementum wider
(Nanekrungsan et al., 2012).

The severity of malocclusion, rather than its type (e.g. Angle’s classification)
(Mirabella and Artun, 1995), is a determining factor in the amount and type of tooth

movement as well as in the orthodontic mechanics used and the duration of orthodontic
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treatment. This leads to the fact that EARR has a multifactorial cause, regardless of the
sagittal characteristics of malocclusion.

Despite the increasing number of reports in the literature, no study has attempted to
discuss or analyze the prevalence, and the predisposing factors of severe apical root
resorption in the maxillary incisors in patients treated at Marmara University, Faculty of
Dentistry, Department of Orthodontics. Therefore, the aim of this retrospective study
was to determine the prevalence of severe external root resorption (Score 4 according to
Malmgren et al.), in maxillary incisors, during fixed orthodontic treatment and to
evaluate the possible predisposing factors for root resorption. Our study will be useful as
self-assessment for practitioners in our department, as it will have positive impact in
obtaining ideal orthodontic outcomes. By helping practitioners to determine potential
risk factors, we will be able to plan the orthodontic treatment with taking in
consideration the predisposing factors related to the development of apical root
resorption. Therefore, our work will be directed toward delivering the most favorable

treatment modality.



4. GENERAL INFORMATION

4.1. Orthodontics

4.1.1.What is Orthodontics?

Orthodontics is that division of dentistry that deals with the prevention and
correction of irregularities of the teeth, generally entailing the straightening of crooked
teeth or the correcting of a poor bite, or physiologically unacceptable contact of
opposing dentition, which may be caused by imperfect development, loss of teeth, or
abnormal growth of jaws. Moreover, Orthodontics is the only branch in Dentistry that

uses inflammation to obtain an aesthetic outcome (teeth movement).

4.2. Malocclusion

Malocclusion can be defined as the deflection from the normal relation of the
teeth to the other teeth in the same arch and/or to the teeth in the opposing arch (White
et al., 1976). However, many variations are possible within a state of normality.
Malocclusion and craniofacial complex anomalies can affect the quality of life and have
adverse psychological and social impact on an individual. Orthodontic treatment
provides the correction of malocclusion and facial anomalies caused by dental or
skeletal discrepancies to achieve esthetic, psychosocial and functional improvements
(Zhou et al., 2014). Normal occlusion was first clearly defined by Angle (1899) which
was the occlusion when upper and lower molars were in relationship such that the
mesiobuccal cusp of upper molar occluded in buccal cavity of lower molar and teeth

were all arranged in a smoothly curving line (Proffit et al., 2007).



4.3. The Need of Treatment

The Index of Orthodontic Treatment Need (IOTN), involving the Dental Health
Component (DHC) and the Aesthetic Component (AC), is the tool most frequently used
for measuring treatment need, as it helps dentists and orthodontists to decide and
understand the severity of the problem and in turn help them to judge the need of
treatment. Considerations as to no treatment need, borderline need, or great need were
based on five grades in the (DHC) and 10 grades in the (AC) (Bilgic et al., 2015).

4.4. Tooth Movement

Tooth movement results due to prolonged internal and external stimuli, that
exceed the bio-elastic limits of tooth supporting structures, and it is the tissue natural
response to these stimuli which leads to adaptive remodeling of the periodontal ligament

and alveolar bone.

4.4.1. Pathological tooth movement

Pathological tooth movement or migration can be defined as the change in tooth
position that occurs when there is disruption of forces that maintain teeth in a normal
relationship (Agrawal and Siddani, 2011). It is more concerned in facial aesthetics as it
has an impact more in adults.

Literature suggests, the most relevant and affecting factor in pathological tooth
movement is the disruption of periodontium. Moreover, any disease may result in
pathological tooth movement by disrupting the equilibrium in the oral cavity (Helm and

Petersen, 1989).



4.4.2. Physiological tooth movement

Physiological tooth movement is a slow process that occurs mainly in the buccal
direction into cancellous bone or because of growth into cortical bone (Krishnan and
Davidovitch, 2006). It primarily refers to the slight tipping of the tooth in its socket, and
secondarily to the changes in the position of the tooth that occur during and after tooth
eruption (Iseri et al., 2010). In addition, human teeth tend to drift and move toward the
midline throughout life. As this movement occurs mainly because of mastication forces
which can be viewed as an adaptation of teeth to the loss of interproximal tooth
substance in result of wear in contact areas, and as a tendency of teeth to keep in tight

contact (Sicher and Weinmann, 1944).

4.4 .3.0rthodontic tooth movement

Tooth movement by orthodontic force application is mainly characterized by
remodeling changes that are caused by mechanical loading that is varying in magnitude,
frequency, and duration, in dental and paradental tissues, including dental pulp,
periodontal ligament (PDL), alveolar bone, and gingiva. When exposed to such forces,
these tissues express extensive macroscopic and microscopic changes (Krishnan and
Davidovitch, 2006). Orthodontic tooth movement can occur rapidly or slowly,
depending on the physical characteristics of the applied force, and the size and
biological response of the PDL (Meeran, 2013). These force-induced strains alter the
PDL’s vascularity and blood flow, resulting in local synthesis and release of molecules,
such as neurotransmitters, growth factors, and cytokines. These molecules can initiate
cellular responses with help of various cell types in and around teeth, to provide a
favorable microenvironment for tissue deposition and/or resorption (Davidovitch, 1991;
Davidovitch et al., 1988). There are four different types of orthodontic tooth movement
according to loading force (moment-to-force ratios); tipping, root movement,

translation, and rotation (Kuhlberg and Nanda, 2005).
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4.43.1. Tipping

When the force acting on the tooth results in greater movement of the crown
more than the root, tipping occurs. In addition, in tipping movement the center of
rotation of the motion is always apical to the center of resistance of the tooth. Therefore,
tipping can be further classified into controlled and uncontrolled tipping on the basis of
the location of center of rotation (Kuhlberg and Nanda, 2005) (Figure 4.4.3.3.1).
Uncontrolled tipping indicates tipping with a center of rotation between the center of
resistance and the apex. While controlled tipping is tipping with the center of rotation
located at the root apex (Kuhlberg and Nanda, 2005). Uncontrolled tipping produces
nonuniform stress at the apex and crown, in contrast, controlled tipping produces
stresses that are greatest in cervical margin (Kusy and Tulloch, 1986; Wainwright,
1973).

4.4.3.2. Translation

Tooth movement consisting of uniformly distributed stresses along the
periodontal surface, results in bodily movement or translation (Kusy and Tulloch, 1986;
Wainwright, 1973). However, this type of movement is extremely rare and very difficult
to achieve (Upadhyay and Nanda, 2015) (Figure 4.4.3.3.1).

4.4.3.3. Root movement

Mechanically, it is the same movement as tipping. However, the free movement
here is for the root. The root moves freely when the center of rotation is located at the

crown tip or the bracket (Upadhyay and Nanda, 2015). In addition, the stresses are the
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greatest in the apex (Kuhlberg and Nanda, 2005). Root movement is frequently
described as "torque™ (Figure 4.4.3.3.1).

A
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Figure 4.4.3.3.1. Types of tooth movement. A, Uncontrolled tipping. B, Controlled
tipping. C, Root movement (torquing). D, Translation or bodily movement (Upadhyay
and Nanda, 2015).

S

4.4.3.4. Rotation

Rotation purely occurs when there is a couple, which means no net force acting
on the center of resistance, and it is seen in the occlusal view (Kuhlberg and Nanda,

2005) (Figure 4.4.3.3.1).

Figure 4.4.3.4.1. Rotation of maxillary premolar as seen in occlusal view (Kuhlberg and
Nanda, 2005).
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4.5. Tooth Root's Structure

45.1.Cementum

Cementum, or root cementum, is a mineralized tissue covering the entire root
surface; it is also referred to as a bone-like tissue. However, cementum is avascular, with
no dynamic remodeling taking place, and it also increases in terms of thickness
throughout individual's life. Concluding that cementum is markedly different from bone.
Cementum has historically been classified into cellular and acellular cementum
according to the presence of cells (cementocytes). Generally, acellular cementum is thin
and covers the cervical root, whereas thick cellular cementum covers the apical root. It
contains two types of fibers, extrinsic and intrinsic fibers. Intrinsic fibers are fibers of
cementum proper. While extrinsic fibers, also called Sharpey's fibers, are embedded
ends of the principal fibers. It is also believed that the extrinsic fibers are secreted by
fibroblasts and partly cementoblasts, and that the intrinsic fibers are secreted by only
cementoblasts (Yamamoto et al., 2016).

45.1.1. Cementum classification

Three major types of cementum are distinguishable: Acellular extrinsic fiber
cementum (AEFC) that contains no cementocytes and contains densely packed extrinsic
fibers. Second type is Cellular intrinsic fiber cementum (CIFC), which contains intrinsic
fibers, as well as cementocytes. Third major type is cellular mixed stratified cementum
(CMSC), which corresponds to classical cellular cementum (Schroeder, 1993).

Acellular extrinsic fiber cementum (AEFC) covers the cervical root surface in
both permanent and primary teeth. Increase in thickness is noticed with age for this type.
It consists of mineralized layers of collagen fibers and non-collagenous organic matrix

(Schroeder, 1992).
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Cellular intrinsic fiber cementum (CIFC) is a component of the cellular mixed
stratified cementum (CMSC), and contains extrinsic fibers as well as intrinsic fibers,
with different thickness among individuals. Their extrinsic fibers often contain an
unmineralized central core, surrounded by a highly mineralized cortical part (Bosshardt
and Selvig, 1997).

Cellular mixed stratified cementum (CMSC) is often present in the interradicular
and the apical parts of the roots. Occasionally, AEFC also appears as a component in
addition to the main CIFC (Picture 4.5.1.1.1).

Picture 4.5.1.1.1. View of a mandibular molar (left), and a maxillary incisor (right).

Other varieties of cementum can be seen as the following: Acellular afibrillar
cementum (AAC); which consists of a mineralized matrix, with no presence of collagen
fibers or cementocytes. It is also found as the most cervical part of AEFC on enamel
coronal to the cemento-enamel junction (CEJ). Last type is the intermediate cementum,

which is concluded to be a part of dentin, not cementum (YYamamoto et al., 2016).

4.5.2. Dentin

Dentin is covered by cementum in the root, and by enamel in the crown of the

tooth. Its composition is minerals (70% of weight), organic matrix (20% of weight), and
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water (10% of weight). The mineral part of dentin is predominantly hydroxyapatite,
while the organic matrix is predominantly collagen, and the majority is Type | collagen
(Goldberg et al., 2011).

Dentine is vital and highly innervated; which makes it a sensitive tissue, capable
of responding to both chemical and mechanical external stimulations. Moreover, the
high permeability to fluid-flow through the tubules suggest that dentin has a sensory
function related to pressure that may be exerted on the outer surfaces (Zaslansky, 2008).

The formation of dentine starts with odontoblasts constantly secreting the
organic matrix which is high in type I collagen. Until the tooth becomes functional,
odontoblasts are important for the formation of the primary dentin (Goldberg et al.,
2011). Odontoblasts are located in the outermost layer of dental pulp and they form a
natural barrier between mineralized tissues, dentin, and soft tissues, dental pulp, they are
also the first to recognize caries-related pathogens and sense any external irritation
(Yumoto et al., 2018).

4.5.2.1. Primary dentin

The primary dentin is formed before the eruption of tooth and until the moment
it becomes functional. Primary dentin is further divided into mantle (peripheral) dentin,
and circumpulpal dentin.

Mantle dentin is a thin layer formed by the odontoblasts in the early stages of
differentiation (Figure 4.5.2.3.1). This layer is hypomineralized and increases in the
mineralization slightly away from CEJ (Retrouvey et al., 2012).

The circumpulpal dentin is more mineralized than the mantle dentin and it
includes the intertubular and peritubular dentins. Intertubular dentin forms after the
transformation of predentin into dentin. It also forms the bulk of dentin, and is type |
collagenrich. In contrast, the peritubular dentin does not result from the transformation
of predentin into dentin, and it does not contain collagen fibrils, but is formed by non-
collagenous proteins (Goldberg et al., 2011; Retrouvey et al., 2012).
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4.5.2.2. Secondary dentin

When contacts between antagonistic cusps are established, the formation of
secondary dentin starts immediately, and it continues throughout individual's life (Figure
4.5.2.3.1). There is not much difference between primary and secondary dentin, the only
difference is the accentuated S-curve in dentinal tubules in the secondary dentin
(Goldberg et al., 2011).

4.5.2.3. Tertiary dentin

The third and last type is tertiary dentin, also called reactionary or reparative
dentin, is the dentin layer that forms as a reaction to carious decay or to abrasion
(Goldberg et al., 2011). This occurs as a result of thermal, chemical, bacterial or

mechanical trauma to the odontoblasts (Figure 4.5.2.3.1).

Figure 4.5.2.3.1. Types of dentin.
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4.6. Root Resorption

4.6.1. Definition and classification

Root resorption refers to the noninfectious damage related to the loss of hard
(cementum and dentin) and soft dental tissue (dental pulp) resulting from the clastic cell
activity. Root resorption is considered physiological during the shedding of primary
teeth, allowing the eruption of the permanent successors. In the permanent dentition, on
the other hand, it is observed as a pathologic process that is predominantly
asymptomatic (Aidos, 2018).

The simple classification of resorptive lesions can be as external or internal. In
the former, the lesion occurs on the external surface of the root. In the latter, the lesion
occurs inside the root, within the dentine of the root canal and/or pulp chamber (Darcey
and Qualtrough, 2013).

Over time, several classification systems have been made for root resorption.
However, the most used and widely acknowledged root resorption classification system
is the one proposed by Andreasen. His classification divided root resorptions into
internal (replacement and inflammatory), and external (superficial, replacement, and

inflammatory) (Marinescu et al., 2019).

4.6.1.1. Internal root resorption

Internal root resorption is a process that takes place inside the canal system of
the tooth (Picture 4.6.1.1.1). In addition, there may be an association between internal
resorption and processes that may damage the predentin as in traumatized/replanted
teeth or those teeth that have undergone pulpotomy and crown preparations, as all these
processes may allow osteoclastic action on the underlying dentin (Wedenberg and

Zetterqvist, 1987).
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Internal replacement root resorption (IRR) is most often seen as an irregularity in
the radiographic image of the pulp cavity. A possible explanation for this appearance
may be that metaplasia of pulp tissue occurs, leading to a deposition of bone in the pulp
canal (Andreasen, 1970). This type is rare, and may lead to obliteration of the canals
space with cancellous-like bone (Darcey and Qualtrough, 2013).

Internal inflammatory resorption (1IR) is mainly characterized by an appearance
of ovoid or fusiform enlargement of pulp chamber or root canal, and it can spread
laterally and apically (Darcey and Qualtrough, 2013). Inflammatory resorption is only

seen in case of pulp necrosis and severe periodontal injury (Andreasen, 1970).

Picture 4.6.1.1.1. Resorption of the dentine within 21 presents as expansion of the root

canal.

4.6.1.2. External root resorption

External root resorption is an irreversible loss of the outer root structure. And it
can be divided to three types.
External surface resorption (ESR) is a transient and non-inflammatory process (Picture
4.6.1.2.1). These resorptions are usually self-limiting; they stop when the cause is
removed. The repair of this type is mainly cementum with no reformation of dentin

(Andreasen, 1985). This process is unlikely to be reported as it is known to be a sub-
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clinical situation (Tronstad, 1988). Surface resorptions are only diagnosed by

radiographs; clinical examination is unremarkable and the pulp continues to be sensitive
(Andreasen, 1985).

Picture 4.6.1.2.1. External surface root resorption of the root apices of the anterior teeth.

External inflammatory resorption (EIR) occurs after episodes of prolonged
stimuli, and commonly occurs after severe dental trauma injuries (avulsion and luxation)
(Picture 4.6.1.2.2). Theses dental injuries may cause damage to the root surface, and as
repairing process takes place, it involves root resorption (Patel and Ford, 2007). If the
root canal system has become infected by bacterial toxins, they may reach the damaged
root surface via the dentinal tubules, resulting in continuing of the external resorption as
it stimulates the osteoclasts that attempt to remove these infected tissues (Andreasen,
1985; Tronstad, 1988). The diagnosis of external inflammatory resorption is primarily
by radiographic examination, while the tooth will show no pulpal response.

Picture 4.6.1.2.2. External inflammatory root resorption of the root of the lower right

first molar.
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External replacement resorption (ERR) is also known as ankylosis; the
replacement of root surface with bone (Picture 4.6.1.2.3). It occurs as a result of
periodontal ligaments necrosis (Andreasen and Kristerson, 1981). It is commonly
associated with dental injuries including avulsion and luxation, where the periodontal
ligaments become severely crushed or desiccated (Barrett and Kenny, 1997,
Hammarstrom et al., 1986). The bone is being produced by the adjacent osteoblasts,
after the non-vital periodontal ligaments are resorbed by osteoclasts, resulting in
replacement of these tissues with bone, and fusion occurs to the root surface (Lindskog
et al., 1985).

Picture 4.6.1.2.3. External replacement root resorption of the root of the upper anterior
right central.

A new modified classification of Andreasen has been suggested, with the
addition of further category into previous conditions as external cervical resorption
(ECR) (Heithersay, 2004).

External cervical resorption (ECR) can be seen as a 'pink spot' in the cervical
region of the crown, and it occurs when the cementum below the epithelial attachment
of the gingiva becomes damaged, allowing microorganisms to provide the stimulus for
the resorption process to continue (Patel and Ford, 2007). This type can be seen in
radiographs, and the tooth shows an intact and visible root canal (Picture 4.6.1.2.4).
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Picture 4.6.1.2.4. Extensive external cervical root resorption of the root of the lower left

second premolar.

4.7. Orthodontically Induced External Apical Root Resorption

4.7.1.External apical root resorption

External apical root resorption (EARR) can be defined as shortening of the tooth
from its apex. Literature reported that the apical third of the root is prone to resorption,
which might be due to the fact that the outer surface of this zone contains cellular
cementum, whereas the middle and the coronal thirds contain acellular cementum
(Pamukgu et al., 2020). The effects of orthodontic factors on EARR are not fully
understood but numerous studies comparing effects of multiple variables were done,
reporting that many factors can be responsible and/or accelerate the root resorption in
orthodontically treated patients such as: heavy forces, treatment duration, and genetic
influence (Baumrind et al., 1996; Chan and Darendeliler, 2006a; Guo et al., 2016).

4.7.2.Severity of EARR

Maxillary incisors are more susceptible to external apical root resorption than

other teeth (Janson et al., 2000; Levander and Malmgren, 1988). Malmgren's index for
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quantitative assessment of root resorption is the most common used and known
description for degree of root resorption, and has described four scores; irregular root
contour -Score 1, apical root resorption to less than 2 mm -Score 2, mild/minor
resorption, root resorption apically from 2 mm to one third of the original root length -
Score 3, moderate resorption, and root resorption exceeding one third of the original root
length -Score 4, severe resorption (Malmgren et al., 1982) (Figure 4.7.2.1).

1 2 3 4

Figure 4.7.2.1. Root resorption index (Malmgren et al., 1982).

4.7.3.Prevalence of EARR

Root resorption has been reported in individuals that are orthodontically treated
and untreated. Studies have reported that orthodontically induced root resorptions after 2
months of treatment can be detected histologically, but may not observable on serial
radiographs. In one study that contained 625 patients, the incidence of mild to moderate
root resorption following orthodontic treatment was 68%, while 32% of patients
presented with severe external root resorption (Apajalahti and Peltola, 2007). In another

study that included 1049 patients, severe root resorption was observed in 14.5% of the
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sample (Marques et al., 2010). Other studies have reported lower rate with incidence of
2.9% in sample of 129 patients (Maues et al., 2015).

The degree of external apical root resorption is different in each study, taking
into consideration the treatment protocol, sample size, age range, forces applied, and

many more factors that contribute to root resorption.

4.7.4.Etiological factors associated with EARR

External apical root resorption is seen to be complex multifactorial; with many
factors contributing to its severity and degree. EARR results from a combination of
genetic predisposition, individual variability and external factors (Harris et al., 1997,
1993; Killiany, 1999).

4.7.4.1. Genetic factors

Some patients seem to have low resistance to EARR under mechanical stress,
while others are more likely to experience severe EARR when subjected to the same
conditions (Harris et al., 1997). In this context, Al-Qawasmi et al. investigated a
possible linkage of EARR associated with orthodontic treatment with polymorphic
targets in the RANK, TNSALP and TNF alpha genes in 38 of Caucasian families. The
authors have found an evidence of linkage between post-orthodontic EARR and the
genetic variant, D18S64, and these results suggest that this locus (which lies close to the
RANK gene) may contribute to susceptibility to EARR (Al-Qawasmi et al., 2003).

Previously, Al-Qawasmi et al. identified linkage and linkage disequilibrium
between the IL-1B gene and occurrence of EARR in orthodontically treated patients
(p=0.0003), this study was concerned with 35 American families (Al-Qawasmi et al.,
2003). Subjects homozygous for the first allele of the IL-1B gene were defined as

having a 5.6-fold increased susceptibility of post-orthodontic EARR (>2mm) compared
21



with those heterozygous subjects and those homozygous for allele 2. Indicating that the
allele 1 of IL-1B gene may induce decreased levels of the IL-1 protein in vivo,
increasing the risk of being affected by root resorption under orthodontic forces (Al-
Qawasmi et al., 2003).

The majority of current information about the influence of genetic factors on
EARR takes source from population association studies; larger samples are used mainly
to help determine whether a specific nucleotide is more frequently associated in an
affected cohort (Nieto-Nieto et al., 2017).

Another study of Borges et al. has studied the genes RANKL, RANK, and OPG.
Regarding the analysis of polymorphisms in these genes, several SNPs in RANK and
OPG were associated with EARR, but only the association of the rs3102724 in OPG
remained after multivariate analysis, leading to the suggestion that this polymorphism
may be proposed as a new marker for EARR susceptibility (Borges de Castilhos et al.,
2019).

4.7.4.2. Ethnicity

Sameshima and Sinclair in their study have reported that Asian patients had
significantly less root resorption than the Hispanic and Caucasian patients for maxillary
incisors and canines and the mandibular lateral incisor, while no sufficient data was
obtained for the African-American patients, making the results invalid for statistical
comparison (Sameshima and Sinclair, 2001, 2004).

A recent study of Wang et al. has found a significant ethnic result in terms of
crown root ratio after orthodontic treatment between three different ethnic groups;
Hispanic patients had lower mean root crown ratios in most teeth compared to both the
Caucasians and African Americans (Wang et al., 2019).
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4.7.4.3. Chronological age

Some studies revealed that there is positive correlation between chronological
age and root resorption. It results from the fact that all tissues involved in the root
resorption process are subjected to changes with age, the periodontal membrane
becomes less vascular, aplastic, and narrow, the bone more dense, avascular, and
aplastic, and the cementum becomes wider. These changes are reflected by a higher
susceptibility to root resorption seen in adults (Brezniak and Wasserstein, 1993).

On the other hand, other studies stated that no significant relationship is seen

between root resorption and chronological age (Cheng et al., 2009).

4.7.4.4. Dental age

Many studies showed that root resorption is seen less in partially formed roots in
younger patients, stating that the roots appear to develop normally during the
orthodontic treatment (Brezniak and Wasserstein, 1993). Moreover, teeth with
incompletely formed roots reached their normal length after treatment as observed in a
longitudinal study (Da Silva Filho et al., 2004).

4.7.45. Gender

There are very few studies reported that female patients had higher incidence and
severity in root resorption (Jiang et al., 2003). However, most of the studies reported
that gender plays no significant role in root resorption (Consolaro, 2005; Harris et al.,
1997; Parker and Harris, 1998; Picanco et al., 2013; Sameshima and Sinclair, 2001).
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4.7.4.6. Nutrition

According to Engstrom et al., root resorption has been demonstrated in animals
lacking calcium and vitamin D in their diets (Engstrom et al., 1988). An experiment
studied rat groups fed with diet deficient in calcium and vitamin D compared to control
group with normal diet, has revealed that these rats had hypocalcemia, increased
alkaline phosphatase activity, and increased circulating PTH (Engstrom et al., 1988).
The increase in PTH resulted in increase in osteoclasts number in the periodontal
ligament for the test group, which increased the bone resorption rate and more

orthodontically induced root resorption was noticed.

4.7.4.7. Alveolar bone thickness

Thin alveolus, inadequate to the demand of extensive tooth movement, is
considered as a limitation of the orthodontic movement and can be considered as a risk
factor for root resorption in orthodontic treatment (Handelman, 1996). In another study,
it was noticed that narrow maxillary alveolar bone width contributes about 12% to the
amount of root resorption during orthodontic treatment; this suggests that patients with
narrow maxillary alveolar bone width are more susceptible to root resorption (Horiuchi
et al., 1998).

4.7.4.8. Habits

Parafunctional habits (bruxism, onychophagia —nail biting-, the habit of biting

objects, tongue thrusting habit, and thumb sucking habit) were studied to assess and
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understand the correlation with root resorption following an orthodontic treatment.
Although it showed high incidence of 33.17% in the sample, nail biting habit was not
statistically significant for the development of severe external apical root resorption
(Pastro et al., 2018). Biting objects habit and thumb sucking habit did not show also any
significant results with the severe apical root resorption (Pastro et al., 2018). However,
tongue thrusting habit associated with anterior open bite was reported as a factor for
increasing the risk of EARR (Harris et al., 1997).

4.7.4.9. History of previous trauma

Trauma to anterior teeth can cause root resorption prior to any orthodontic
treatment (Darcey and Qualtrough, 2013). Previously traumatized teeth are more
sensitive to further loss of root structure, and root resorption (Phillips, 1955).
Nevertheless, traumatized teeth with no signs of root resorption prior to orthodontic
treatment do not show any increased severity or degree of root resorption following
orthodontic treatment in comparison with normal non-traumatized teeth (Malmgren et
al., 1982).

4.7.4.10. Overjet and overbite

Increased overjet may contribute to the root resorption after orthodontic
treatment, as more retraction needed for the maxillary incisors, putting them in higher
forces, the same situation for deep bite and open bite cases, where intrusion or extrusion
is needed as well (Bartley et al., 2011; Freitas et al., 2007). And combined movements
of intrusion and retraction showed greater root resorption compared to retraction without
intrusion (Martins et al., 2012). While other studies have reported no statistically

significant results regarding overjet and overbite with EARR (Picango et al., 2013).
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4.7.4.11. Root morphology

As explained by Quintanilha et al., maxillary anterior roots have four
morphologies; triangular, rhomboid, pipette, and dilacerated (Quintanilha et al., 2019).

Studies reported that roots with atypical or irregular shapes are significantly
associated with apical root resorption (Kjaer, 1995; Marques et al., 2010; Sameshima
and Asgarifar, 2001). While in studies that presented more rhomboid roots in the
sample, which according to most authors reduce the risk of resorption, there was no
significant evidence of its contribution to root resorption (Picanco et al., 2013).

Picture 4.7.4.11.1. Root morphologies: triangular (T), rhomboid (R), pipette (P) and
dilacerated (D) (Quintanilha et al., 2019).

4.7.4.12. Treatment duration

Treatment duration and incidence or severity of the EARR is controversial
(Baumrind et al., 1996; Kaley and Phillips, 1991; Sameshima and Sinclair, 2001).
Extended orthodontic treatment duration is cited to have contribution to apical root
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resorption in many studies (Jung and Cho, 2011; Liou and Chang, 2010), while other
studies reported that no significant results shown to correlate orthodontic treatment
duration with EARR (Artun et al., 2009; Makedonas et al., 2013; Martins et al., 2012).
Extended treatment duration might reflect more severe malocclusion and the need for
different treatment mechanics, resulting in the need for longer period of time for
treatment finishing (Maués et al., 2015). Moreover, extended treatment duration may
indicate a difficult treatment plan, and a non-cooperative patient, eventually leading to
increased risk of EARR (Jung and Cho, 2011).

4.7.4.13. Treatment modality

Studies concluded that there is an association between treatment type and root
resorption (Motokawa et al., 2012). Treatments that did not require teeth extractions
showed less incidence and severity of EARR (Lee et al., 1999; McFadden et al., 1989).
Because of the need of retraction, more incisors movement, and longer treatment
duration, treatments with extractions have been a risk factor for EARR (R. ping Jiang et
al., 2010). Some authors reported that the application of inter-maxillary elastics is more
likely to increase the risk of EARR (Levander et al., 1998). It was also reported in the

literature that jiggling played a resorptive role as well (Baumrind et al., 1996).

4.7.4.14. Magnitude of force applied

The main goal of orthodontic treatment is to move teeth as efficiently as possible
with least damage to teeth and their supporting tissues. EARR may occur as an
unwanted side effect of orthodontic movement, and may jeopardize successful treatment

outcome.
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Chan and Darendeliler examined extracted human teeth using volumetric
analysis of resorption craters, and reported that teeth subjected to heavy-forces (250 g)
are more susceptible to exhibit root resorption than teeth subjected to light-forces (25¢)
(Chan and Darendeliler, 2005). Using the same analysis, Harris et al. confirmed the
finding of previous study, but for intrusive forces (Harris et al., 2006).

On the other hand, some authors found that increase in the orthodontically
applied force magnitude has no significant correlation to EARR. In 144 adolescents,
Owman-Moll studied the maxillary first or second premolars that were buccally moved
with a fixed orthodontic appliance. When a continuous force of a clinically relevant
magnitude (50 g) was applied, tooth movement increased gradually over time with no
significant root resorption noticed. The force magnitude was doubled (100 g) and no
effect in tooth movement or the severity of root resorptions was recorded. However,
when the force was increased 4 times (200 g), tooth movement increased 50% but still
with no significant increase in the incidence or severity of root resorptions (Owman-
Moll, 1995).

4.7.4.15. Direction of tooth movement

Intrusion is a critical type of orthodontic tooth movement in relation to EARR
(Harris et al., 2006). Because intrusion is probably the most detrimental factor to the
roots involved and to EARR, many studies were done to understand this correlation.

In a research studying the relationship between intrusion/extrusion with EARR,
Han et al. found that intrusion causes 4 times more root resorption than extrusion, with
significant results regarding extrusion reported as well (Han et al., 2005).

Moreover, patients in need of significant amount of retraction are more prone to
root resorption, especially when combined with intrusion mechanics (Martins et al.,
2011).
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4.7.4.16. Amount of tooth movement

The orthodontic forces applied to the teeth cause biological stresses on the
periodontal ligament, operating equally and simultaneously on both tissues, the alveolar
bone and cementum. If bone and cementum have a similar biological behavior, both are
expected to be equally resorbed during tooth movement (Brezniak and Wasserstein,
2002). Cases with severe EARR are seen to be treated more frequently with tooth
extraction. Therefore, in such cases, a higher amount of tooth movement is usually
required, which in turn increases duration of orthodontic forces applied leading to higher
chance and severity of EARR (Pastro et al., 2018). Patients submitted to tooth
extractions have 2.72 times more chances of developing severe EARR according to
study done by Pastro et al. (Pastro et al., 2018). And as extraction spaces are created, an
increased movement and retraction of the apex of incisors are necessary to close
extraction spaces, putting the apices under higher force magnitude, and longer treatment
duration (Maues et al., 2015).

4.7.5.Diagnosis of EARR

Diagnosis of EARR is done in most cases with the help of radiographs. Clinical
examination is not reliable as clinical symptoms are almost absent, and increased tooth
mobility is seen only in extremely severe cases with additional alveolar bone loss
resulting through time (J6nsson et al., 2007). Moreover, EARR is being monitored
before, during, and after orthodontic treatment usually by using two-dimensional
radiographic (2D) methods like periapical or panoramic radiographs (OPT) (Makedonas
and Hansen, 2008). However, apical root resorption occurring after orthodontic tooth
movement is usually underestimated when evaluated on panoramic radiographs (Dudic
etal., 2009) (Picture 4.7.5.1). This is because of (2D) image limitations; root resorption
occurs in all aspects of root surface and in all three-dimensions, which masks the real

amount of root resorption when evaluated by periapical or panoramic radiographs only
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(Samandaraet al., 2019). Additionally, the true extent of EARR might be misestimated
due to magnification errors and problematic repeatability of this type of radiographs
(Ren et al., 2013).

No resorption Mild resorpion Maderate resorption Evaluation not possible

Picture 4.7.5.1. Index for evaluation of root resorption in the OPT: A, 0, no resorption
in tooth 11; B, 1, mild resorption in tooth 21; C, 2, moderate resorption in tooth 21; D,
evaluation impossible in tooth 12 (Dudic et al., 2009).

Cone beam computed tomography (CBCT) technology was introduced as a
three-dimensional diagnostic method that offers imaging complex dental and
maxillofacial structures (Ludlow et al., 2015). Compared with conventional computed
tomography (CT), CBCT technology in dental practice has important advantages over
the conventional CT such as minimization of the radiation dose up to 15-times, image
accuracy, rapid scan time, and minimal distortion (Scarfe et al., 2006). The ability to
produce distortion-free and reproducible image of roots made this technology gain a
diagnostic value in the diagnosis of EARR (Dudic et al., 2009). Furthermore, three-
dimensional reproduction of 2D CBCT cuts empowers precise evaluation of both linear
and volumetric EARR measurements, and compensates for changes in root position or
angulation amid orthodontic treatment (Akyalcin et al., 2015; Holberg et al., 2005).

In conclusion, CBCT tends to be a reliable method for analyzing EARR before
or after orthodontic treatment (Samandara et al., 2019) (Picture 4.7.5.2).
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A No resorption B Mild resorption

C Moderate resorption D Severe resorption

Picture 4.7.5.2. Index for evaluation of root resorption in the CBCT: A, 0, no resorption
in tooth 22; B, 1, mild resorption in tooth 21; C, 2, moderate resorption in tooth 12; D, 3,

severe resorption in tooth 22 (Dudic et al., 2009).

4.8. Mechanism of Root Resorption

4.8.1.Classic pressure-tension theory

The classic pressure-tension theory came with the fact that chemical, instead of
electric, signals are the stimuli for cellular differentiation occurring in the dentoalveolar
complex, resulting eventually in tooth movement (Figure 4.8.1.1). This theory proposes
that when orthodontic force is applied to the tooth, within a few seconds, the tooth starts
to reposition within the periodontal ligament space, producing compression in some
areas within the PDL and tension or stretch in other areas (Li et al., 2018; Will, 2015).

The resulting compression decreases the blood flow to the surrounding tissues

following orthodontic force application. However, blood flow in areas of tension forces
31



appears to be increased. Few minutes later, chemical mediators, prostaglandins and
cytokines, are released to initiate the bone resorption at compression side, and bone
deposition at tension side (Li et al., 2018). Heavy forces result in complete occluding of
blood supply, leading to cells death in compression sides (hyalinization), and tooth
movement occurs only at the expense of undermining bone resorption, while the blood
flow is only reduced when light forces are applied, and under these circumstances, direct
frontal resorption of the alveolar bone occurs (Feller et al., 2015; Iwasaki et al., 2006).
In addition, frontal resorption occurs when orthodontic forces do not exceed capillary
pressure, while undermining resorption occurs when capillary pressure is exceeded and
hyalinization occurs within the periodontal ligament. Undermining resorption results in
delayed and large tooth movements (Figure 4.8.1.2). In contrast, frontal resorption
allows remodeling of the vascular and fibrous elements of the periodontal ligament
permitting continuous and steady tooth movement with no significant delay (lwasaki et
al., 2006; Li et al., 2018; Masella and Meister, 2006). However, undermining resorptions

are unavoidable during orthodontic treatment.

Loading Force

Tension
Side

Compression
Side

Figure 4.8.1.1. Compression and tension sides due to orthodontic loading.

Figure 4.8.1.2. Frontal and undermining resorptions.
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4.8.2. Tipping vs. bodily movements

The site of orthodontically induced resorption on a root surface is determined
mainly by whether the tooth is moved bodily or tipped, and occurs mostly on those parts
of the root surfaces that are exposed to high compressive stress; but it may also occur on
root surfaces that are exposed to tensile stress within the periodontal ligament, but to a
lesser degree (Ajmera et al., 2014; Chan and Darendeliler, 2006). The higher the strain,
the higher the root resorption (Chan and Darendeliler, 2006).

Tipping movements produces more resorptive forces, which is also more
common and intense than resorptive forces generated by bodily movements, which are
distributed along the root surfaces and resorbing the cementum at zones of compression
of the periodontal ligament (Ajmera et al., 2014). Additionally, in tipping movements,
compressive stresses are located and intensified in the apical part of the root which is
thin area receiving higher forces, and in comparison with bodily movements, bodily
movements have a concentrated stress per unit surface area in much thicker portion of
the root cervically (Consolaro, 2014; Cuoghi et al., 2014). Furthermore, alveolar bone
around the cervical one-third of the root is seen to be the thinner, and more elastic,
giving it the ability of absorbing much more of the orthodontically induced mechanical
stresses when compared to the alveolar bone located apically, which is thick, and has
less elasticity (Cuoghi et al., 2014; Segal et al., 2004).

4.8.3.Role of OPG/RANKL/RANK system

On a cellular level, physiologic and pathologic (orthodontic) root resorption is
regulated by a key network formed by osteoprotegerin (OPG), receptor activator of
nuclear factor — (KB) ligand (RANKL), and its cognate receptor RANK ligands. These
factors are known to share homologous features with tumor necrosis factors, and their
function is paracrine regulatory of osteoclastogenesis (Horowitz et al., 2001; Katagiri
and Takahashi, 2002; Khosla, 2001; Schoppet et al., 2002). Additionally, they play a
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role in bone remodeling and metabolism during the orthodontic treatment as well (Jiang
et al., 2015; Oshiro et al., 2002; Yan et al., 2015).

The role of RANKL is to enhance bone resorption, and together with another
very important protein ligand, M-CSF (which binds to its receptor c-fms), by
encouraging and guiding osteoclasts activity; formation, fusion, differentiation,
activation and survival (Malyankar et al., 2000; Shoji-Matsunaga etal., 2017; Walsh and
Choi, 2014; Zupan et al., 2013). RANKL biological effects are produced the time it
binds to RANK. In contrast, the biological effect of OPG is to neutralize RANKL which
prevents RANKL-RANK bond. Therefore, its effect is opposite to those mediated by
RANKL (Kang et al., 2010).

Dental complex expresses theses three factors. RANKL is expressed by different
cell type like odontoblasts, pulp , PDL fibroblasts, and cementoblasts, while RANK
receptor is expressed by the odontoclasts in resorption lacunae (Fukushima et al., 2003;
Harokopakis-Hajishengallis, 2007). However, OPG is expressed by odontoblasts,
ameloblasts and dental pulp cells (Heinrich et al., 2005; Tyrovola et al., 2008).

Osteoblast
Stromal Cells

Neutralized ‘ OPG

RANKL

Prevention of

——
RANKL differentiation
fusion
activation

Figure 4.8.3.1. The major biologic actions of the OPG/RANKL/RANK system: a)
binding of RANKL and RANK and activation of osteoclasts, b) neutralization of
RANKL by OPG and prevention of RANKL-RANK interaction (Tyrovolaetal., 2008).

RANKL is induced by hypoxia occurring in compression side as result of the
occlusion of blood flow (Dandajena et al., 2012; Huang et al., 2014). Consequently,
RANKUL activates osteoclastogenesis, and cells differentiation is initiated (Kanzaki et
al., 2006). However, tension sides appear to have increased OPG synthesis which

stimulates bone formation. Nonetheless, this RANKL to OPG ratio in periodontal
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ligament cells is suggested to also contribute to root resorption during orthodontic tooth
movement (Figure 4.8.3.2). The compressed PDL cells can produce large amounts of
RANKL and up-regulate osteoclastogenesis in cases of severe external apical root
resorption (Tyrovolaet al., 2008). This explains the increase of RANKL and decrease of
OPG in severe root resorption cases (Kanzaki et al., 2006; Nishijima et al., 2006;
Yamaguchi et al., 2006).

[ Y
RANKL decrease |\ /  RANKL expression
OPG synthesis [ /x\ (compressed side)
(tensile side) L \ ) a
\

orthodontic tooth
movement

(N

RANKL decrease | /
OPG synthesis }\\—, —— A ’ » ’
3 4 greater expression of RANKL
/ \ ‘ (compressed side) -
d \ q ROOT RESORPTION

(tensile side) \

————— e
orthodontic tooth movement
with root resorption

Figure 4.8.3.2. Regulation of bone remodeling by RANKL/OPG (Tyrovolaetal., 2008).

In conclusion, OPG and RANKL's relative expressions on the tensioned and the
compressed sides of the root regulate bone resorption and deposition occurring during

orthodontic tooth movement.
4.9. The Repair Process

Once orthodontic forces applied to the tooth are ceased, active root resorption
will stop, and repair process is initiated (Cheng et al., 2010). And this repair occurs as
three processes; partial, functional and anatomical (Owman-Moll and Kurol, 1998).
Partial repair starts when the newly formed cementum starts partially covering the
exposed dentine. When the exposed dentine becomes fully covered by cementum,
mainly a thin layer, with the original form being not established again, it is called
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functional repair. Finally, for the anatomical repair, root's surface is restored to its
original form, making it the most preferred process (Krishnan, 2017) (Figure 4.9.1).
The anatomic repair process takes longer time, 8 weeks at least, than partial and
functional repair process which is reported to be taking place during the first 4-6 weeks
(Cheng et al., 2010; Owman-Moll et al., 1995).
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Figure 4.9.1. Schematic presentation of three repair processes. A) No repair, B) Partial
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repair, C) Functional repair, D) Anatomic repair.

On a cellular level, early repair process starts with fibroblast-like cells that are
present in the periodontal ligament penetrating the resorption lacunae (Jager et al.,
2008). These fibroblast-like cells in addition to cementoblastic cells start the deposition
of an initial uncalcified thin cementoid repair matrix on existing collagenous structures,
and their activity is influenced by growth factors and local cytokines including insulin
like growth factors (IGF), epidermal growth factor (EGF), fibroblast growth factor
(FGF), bone morphogenetic proteins (BMPs), and transforming growth factor-g (TGF-
B) (Jager et al., 2008; Saygin et al., 2000).

Acellular cementum is predominantly found in areas of initial and early repair in
the resting phase after cessation of orthodontic forces. While cellular cementum is
present in the later repair areas (Mehta et al., 2017). Acellular cementum forms more

slowly (Bavle et al., 2011). The repair process begins at the center of the resorption site
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with deposition of acellular cementum followed by deposition of cellular cementum
extending to involve the entire surface of the resorption crater (Mehta et al., 2017).
Additionally, healing becomes faster to fill larger voids produced by orthodontic forces,
resulting accordingly in getting the cementocytes trapped within their lacunae for the
complete mineralization of the increments to take place (Krishnan, 2017; Mehta et al.,
2017).

4.10. The Effects of Systemic Medications

Studies showed that the examined prescription pharmaceutical drugs can have
variable effects on the orthodontic tooth movement associated with root resorption.
Notwithstanding the finding that the quality of evidence is considered poor, the
clinician is always expected to treat the related recommendations with caution, because
good practice indicates that it is necessary to recognize patients who consume drugs and
consider the potential consequences (Makrygiannakis et al., 2018).

Although number of carried studies investigating the pharmaceutical substances
in human body is not high, surprisingly. And as the root resorption associated with
orthodontic movement is not an uncommon consequence following the treatment,
further studies should be done, because such relevant information is beneficial in
maintaining high standards of clinical and dental care.

Any pharmaceutical agent can potentially affect the signaling pathways linked to
orthodontic tooth movement and cement and root dentine homeostasis (Iglesias-Linares
and Hartsfield, 2017; Jiang et al., 2015; Xiao et al., 2015). The administration of vitamin
C to the body showed an increase in orthodontically induced root resorption
(Miresmaeili et al., 2015). This effect is mainly the result of the osteoclasts formation
stimulated by vitamin C (Hart et al., 2015; Otsuka et al., 2000). The decrease in
osteoclastic activity is seen with the administration of non-steroidal anti-inflammatory
drugs (NSAIDs), like ibuprofen, meloxicam and bisphosphonates (Arias and Marquez-
Orozco, 2006; Black et al., 2000; Martin et al., 2015). The administration of normal
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doses of statins, simvastatin, also decreases the osteoclastic activity and it enhances
bone formation as well (Ishihara et al., 2017; Montazerolghaem et al., 2016).

The root resorption was not affected by acetaminophen, or aspirin. Although
aspirin affects the osteoclasts number negatively, but still no effect is noted regarding
root resorption and tooth movement (Arias and Marquez-Orozco, 2006; Gonzales et al.,
2009). Fluoxetine, a selective serotonin reuptake inhibitor antidepressant, is expressed in
both osteoblasts and osteoclasts, and is not seen to also to have any effect in root
resorption (Mirhashemi et al., 2015; Rafiei et al., 2015). Dietary calcium supplements
reduce the number of osteoclasts and decrease alveolar bone resorption, but no influence
on root resorption is reported (Makrygiannakis et al., 2018; Taddei et al., 2014; Yoo et
al., 2017). Zinc compounds are noted to stimulate the activity of osteoblasts and
decrease bone resorption, but it was suggested that their effect is normalized with time,
because these effects are dependent on the duration of its administration (Liu et al.,
2017; Yamaguchi et al., 1982).

Finally, administration of celecoxib, prednisolone and L-thyroxine, were
observed to have an inconsistent effect regarding effects on root resorption associated
with orthodontic tooth movement (Gonzales et al., 2009; Hashemi et al., 2012; Seifi et
al., 2015).

4.11. The Need of Root Canal Treatment

Diagnosis and treatment of root resorptions usually require interdisciplinary
work; orthodontists, endodontists, and periodontist may all work together to obtain a
good clinical outcome.

The endodontist is stated as the specialist to take care of tooth resorption.
However, not all cases of resorption should be endodontically treated. Nevertheless,
even the cases that do not require a root canal treatment must be checked and observed
by the endodontist. Cases of root resorption that need to be treated endodontically are

the following: a) pulp necrosis by microbial contamination; b) aseptic pulp necrosis; c)
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initial calcific metamorphosis of the pulp; d) internal resorption (Consolaro and
Bittencourt, 2016).

Orthodontically induced root resorption is always external, without any
contribution of dental pulp. No chronic periapical lesion is present, which is associated
to pulp necrosis and contamination of the root canal system, having bacteria and their
products leaking through the apical foramen, therefore there is no need to provide
endodontic treatment (Consolaro and Bittencourt, 2016). If the cause is found to be the
orthodontic movement, rest phase of at least 8 weeks is considered the best treatment
(Krishnan, 2017).

Dental pulp only takes part in resorptions starting and progressing internally,
where it acts directly in the resorption process (Consolaro and Bittencourt, 2016).

The resorption process taking place at the external part of the root can't be
controlled through the pulp as the causes are acting upon the periodontal ligament.
Moreover, no evidence justifying endodontic treatment, by means of obturation, to
control the external resorption processes if the pulp is vital (Consolaro and Bittencourt,
2016).

In conclusion, the first step of management of orthodontically induced external
root resorption cases is to understand and to identify the cause accurately. Second,
planning of a reasonable and possible treatment approach, to be performed later.
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5. MATERIALS AND METHODS

5.1. Ethical Approval

The Ethical Committee of the Institute of Health Sciences, Marmara University

approved of this retrospective study which assessed the records of 7000 patients from

the archives of Marmara University, Faculty of Dentistry, Department of Orthodontics.

5.2. Patient Selection

Treatment files of 7000 patients, who have been treated in Marmara University,

between years of 1990 and 2019, were examined with respect to the following:

Inclusion criteria:

Completed fixed orthodontic treatment.

Presence of pretreatment and post-treatment panoramic and cephalometric
radiographs.

Completed root growth of the maxillary incisors before fixed orthodontic treatment.
No visible root resorption in the maxillary incisors before the treatment.

Presence of score 4 root resorption according to Malmgren et al. in one or more of

the maxillary incisors following fixed orthodontic treatment.

The exclusion criteria were as following:

Teeth with endodontic treatment.

Incomplete development of root apex.

Mild or moderate apical resorption of the incisors.
Patients with missing radiographic records.

Patients with trauma history to the incisors before starting the treatment.
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o Patients treated with removable appliances.
e Patients treated with surgical approach.

e Patients presented with cleft lip/palate.

After scanning of all patients' archive was done, total number of subjects with
severe external anterior root resorption was found to be 120. Of the original sample size,
3285 subjects were excluded and were distributed as the following: 2316 patients with
missing files, 244 patients treated with removable appliances and did not go through
fixed orthodontic treatment, 375 patients treated with orthognathic surgery, and 350
patients presented with cleft lip/palate.

For the study group consisted of subjects presented with severe EARR, second
scanning was performed for the 120 patients, and 30 patients were excluded as a reason
of incomplete records, and were distributed as the following: 2 patients with missing
pre-operative cephalometric radiographs, and 28 patients with missing post-operative
cephalometric radiographs.

Table 5.1 Initial and final sample sizes.

- ) _ Final sample
Sample Initial sample size | Excluded subjects :
size
Original sample 7000 3285 3715
Severe EARR 120 30 90

5.3. Treatment Protocol

Patients presented to the clinic in Marmara University, Faculty of Dentistry,
Department of Orthodontics have been diagnosed, examined, and treated under
supervision of the specialists and professors. Treatment started with fixed appliances of
18-slot brackets. The initial phase, alignment of the dentition, was initiated by round
NiTi wires, followed by rectangular wires. The working phase followed later, ending
with stainless steel wires, and elastics were used as needed.
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5.4. Data Collection

The initial archive scanning was performed by checking and evaluating the pre-
operative and post-operative panoramic radiographs of the whole sample, and subjects
presented with severe (Score 4) external apical root resorption were selected.

Picture 5.4.1. Pre-operative (above) and post-operative (below) panoramic radiographs.
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Picture 5.4.2. Pre-operative (above) and post-operative (below) panoramic radiographs.
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Picture 5.4.3. Pre-operative (above) and post-operative (below) panoramic radiographs.

To determine potential predisposing factors of root resorption, the following data

were retrieved from the patients' files:

Age at the beginning of the treatment.

Gender.

Root morphology.

Overjet.

Overbite.

Treatment modality (extraction, non-extraction).

Treatment duration.

Buccal and palatal alveolar bone thickness in the maxillary incisors region.
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» Amount of movement of the incisal root apices and incisal edges in both horizontal

and vertical directions.

5.5. Data Assessment

Once all subjects with severe root resorption (Score 4) were identified, a
matching group of control subjects were randomly selected among the patients identified
with minimal root resorption (Score 1) for statistical comparisons.

Root morphology was assessed on panoramic radiographs according to the
classification proposed by Quintanilha et al. as follows: triangular, rhomboid, pipette
and dilacerated.

Overjet, overbite, buccal and palatal maxillary alveolar bone thickness, and
amount of movement of the incisal root apices and incisal edges were assessed on
cephalometric radiographs using NemoTech cephalometric tracing software (Version
10.4.2).

5.6. Cephalometric Analysis

Cephalometric radiographs were used to record the changes in overjet, overbite,
buccal and palatal maxillary alveolar bone thickness, and amount of movement of the
incisal root apices and incisal edges between pre-orthodontic treatment and post-
orthodontic treatment records among the two groups; anterior root resorption group and
control group. NemoTech cephalometric tracing software was used to trace all
cephalometric radiographs and these radiographs were traced by the same examiner to

avoid bias.
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5.6.1. Cephalometric points related to skeletal landmarks

1. S: Sella. The midpoint of sella turcica or hypophyseal fossa or pituitary fossa.

2. N: Nasion. The most anterior point of the frontonasal suture in the middle.

3. Po: Porion. The superior point of the external auditory meatus.

4. Or: Orbitale. The lowest point on the inferior margin of the orbit.

5. PNS: The posterior nasal spine. The most posterior extent of the hard palate.

6. ANS: The anterior nasal spine. The most anterior extension of the maxilla.

7. A: Subspinale. The point at the deepest midline concavity on the maxilla between the

anterior nasal spine and prosthion.

|
= «

AT

Figure 5.6.1.1. Cephalometric skeletal landmarks.

5.6.2. Cephalometric points related to dental landmarks

1. Uli: The incisal edge of maxillary central incisor

2. Ula: The root apex of maxillary central incisor
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5.6.3.Cephalometric planes and lines

Cephalometric planes and lines that are used for initial tracing and measuring
variables are as the following:
1. Sella Nasion (SN) line: Line crossing between sella turcica and Nasion points.
2. Palatal Plane (PP): Plane connecting anterior nasal spine with posterior nasal spine.
3. Frankfort Horizontal Plane (FH): Plane crossing from the Porion to the Orbitale.
4. Line parallel to the palatal plane: A constructed line parallel to the palatal plane
passing through the apex of the root, with marking the anterior and posterior limits
passing through the bone (UA: Upper anterior alveolus, UP: Upper posterior alveolus).
5. Horizontal line: A constructed line intersecting the S point with angle of 7 degrees to
SN line.
6. Vertical line: A constructed vertical line dropped perpendicular to the horizontal line

and intersecting the S point.

Figure 5.6.4.1. Cephalometric lines and planes used.

47



5.6.4. Method of measurement

Overjet, overbite, buccal and palatal maxillary alveolar bone thickness, and
amount of movement of the incisal root apices and incisal edges were measured on
cephalometric radiographs using NemoTech cephalometric tracing software. The
variables were measured after the cephalometric tracing was performed using Marmara
analysis, which is followed for all the patients at Orthodontic Department, Faculty of
Dentistry at Marmara University.

Calibration of both pre and post-operative cephalometric radiographs was
performed as initial step prior to recording any measurement. Cephalometric
radiographs were calibrated using the length of the middle cranial base for every patient;
the growth of middle cranial base is completed in early periods and at the age of 7 years,
maintaining its stability in all developmental phases (Bjork and Skieller, 1983). Two
cephalometric points located in the middle cranial base showed high stability over years
(Bjork and Skieller, 1983; Hatewar et al., 2015). The points are known to be as the
following: the intersection point of the lower contours of the anterior clinoid processes
and the contour of the anterior wall of the sella, also called as Walker's point (T, W), and
the intersection point of the middle cranial fossa by the greater wing of the sphenoid
bone, also called as Wing point (w) (Arat et al., 2010; Bjork and Skieller, 1983). It is
also found that (T-w) line is reliable method for examining overall changes (M. Arat et
al., 2001; Z. M. Arat et al., 2010; Hatewar et al., 2015).
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Figure 5.6.5.1. Middle cranial base points. T: Tuberculum sella, the intersection point of
the lower contours of the anterior clinoid processes and the contour of the anterior wall
of the sella, Walker's point. W: the intersection point of the middle cranial fossa by the

greater wing of the sphenoid bone.

5.6.4.1. Overjet and overbite

Overjet, the horizontal distance between maxillary and mandibular central
incisors, and overbite, the vertical overlap between maxillary and mandibular central
incisors, were measured directly through Marmara analysis in the pre-operative

cephalometric radiographs of the subjects.
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Overjet Overbite

Figure 5.6.5.1.1. Overjet and overbite.

5.6.4.2. Alveolar bone thickness

Alveolar bone thickness (width) is the sum of width of buccal (anterior),
abbreviated as UA, and posterior (palatal) alveolar bone, abbreviated as UP
(Handelman, 1996). Upper anterior bone (UA) is measured using a line drawn through
the apex of the maxillary central incisor to the limit of labial cortex, and parallel to the
palatal plane (ANS-PNS). Upper posterior bone (UP) is measured using a line drawn
through the apex of the maxillary central incisor to the limit of palatal cortex, and
parallel to the palatal plane (ANS-PNS) (Handelman, 1996). The alveolar bone

thickness was measured in pre-operative cephalometric radiographs.
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Figure 5.6.5.2.1. Alveolar bone width. UA: Upper anterior alveolar bone, UP: Upper

posterior alveolar bone.

5.6.4.3. Amount of incisor movement

In order to measure the amount of movement the incisors had, assessment
through pre and post-operative cephalometric radiographs was done. For both, incisal
edge and root apex, movement in vertical and horizontal directions was measured.
Measurements were performed using a vertical and horizontal reference for all subjects
in pre and post-operative radiographs. The horizontal reference is a constructed line
intersecting the Sella (S) point with angle of 7 degree to the Sella-Nasion (SN) line; this
line is also parallel to the Frankfort Horizontal plane (FH). For the vertical reference, a
constructed line dropped perpendicular to the horizontal reference and intersecting the
Sella (S) point was used. The perpendicular distances from root apex and incisal edge to
horizontal and vertical references were recorded, in both pre and post-operative
radiographs. Final distance (post-operative) was subtracted from the initial distance (pre-
operative) and the result was written down for each subject in the study and the control

groups.
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Picture 5.6.5.3.1. Vertical and horizontal references and distances to root apex and

incisal edge.

The root resorption causes shortening in total root and tooth length, leaving the
root apex blunt and difficult to be seen in cephalometric radiographs. This limitation
was overcome by measuring the initial tooth length in pre-operative cephalometric
radiographs, and later transferring exactly the same length to the post-operative

radiograph as a reference to measure from.
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6. RESULTS

6.1. Prevalence

To calculate the prevalence of severe EARR in our study, the initial sample

presented with severe root resorption was used.

Table 6.1 Incidence of severe EARR.

_ Incidence of severe
Sample Sample size
EARR
Total patients 3715
3.23%
Severe EARR 120

The results showed that 3.23% of total patients developed severe EARR, while
96.77% showed clinically acceptable root resorption (mild and moderate).

6.2. Statistical Analysis

Statistical analysis of the obtained data was performed using the IBM SPSS
Statistics software for Windows, Version 26.0. The relationship between root resorption
and the predisposing factors were assessed using the following statistical tests: chi
square test for intergroup comparison of gender, root morphology, treatment modality;
independent t-test for comparison of ages, treatment duration, overjet, overbite, alveolar
bone thickness, and amount of tooth movement between the two groups.

Intraoperator reliability of the method was evaluated by repeating the resorption

assessments on randomly selected 20 panoramic films after a two-week interval. To
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evaluate the agreement between the scorings of root resorption at two different time
points, the Kappa test was used. The reliability of the measurements of overbite, overjet,
buccal and palatal alveolar bone thickness in the maxillary incisors region and amount
of movement of the incisal root apices were evaluated by repeating these measurements
after a two week interval on randomly selected 20 cephalometric films using Dahlberg

formula to estimate the random error.

6.3. Reliability of Measurements

6.3.1.Score of root resorption

Table 6.2 Kappa test to evaluate the error in scoring root resorption.

Root Kappa Asymptotic | Strength Proportion | P-value
Resorption | Coefficient | Standard of of observed

Error agreement | agreement
Severe 0.643 0.325 Substantial | 0.95 0.002
EARR

Kappa test has showed that the percentage of agreement was substantial and
kappa coefficient was 0.643 and scoring of root resorption was reliable.
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6.3.2.Random error of measurements

Table 6.3 Measurement error according to the Dahlberg formula.

Variable Measurement Error
Overjet 0.15
Overbite 0.07
Horizontal | Incisal Edge 0.14
Displacement | Root Apex 0.12
Vertical Incisal Edge 0.17
Displacement | Root Apex 0.18
Bone Thickness 0.23

Random error calculation using Dahlberg formula showed that the largest linear

error found was for the bone thickness (UA+UP) variable, 0.23 mm.

6.4. Inter-Group Comparison

6.4.1. Age and treatment duration

Table 6.4 Intergroup comparison of age and treatment duration (independent t-test).

Control Group (n=90) | Resorption Group (n=90)
P-value

Mean SD Mean SD
Initial age | 5 550 2.45 16.69 2.97 0.0012
(years)
Treatment
time 2.48 0.927 3.7 1.3 0.0001
(years)
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Differences in initial age at the beginning of treatment and treatment duration

were statistically significant between both groups.

6.4.2. Gender, treatment type, and root morphology

Table 6.5 Intergroup comparison of gender, treatment type and root morphology (chi

square test).

Control Group

Resorption Group

Variable Distribution P-value
(n=90) (n=90)
Male 40 44
(n=84) (47.62%) (52.38%)
Gender 0.55
Female 50 46
(n=96) (52.08%) (47.92%)
Without
. 74 50
extraction
(59.68%) (40.32%)
Type of (n=124)
0.0001
Treatment With
) 16 40
extraction
(28.57%) (71.43%)
(n=56)
Triangular 35 44
(n=79) (44.3%) (55.7%)
Rhomboid 38 31
Root (n=69) (55%) (45%)
0.575
Morphology | pjpette 9 7
(n=16) (56.25%) (43.75%)
Dilacerated 8 8
(n=16) (50%) (50%)
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Inter-group comparisons of the resorption and the control groups in terms of

gender, type of treatment, and root morphology, showed that there is only one

statistically significant difference between the groups which is the treatment type

presented with premolar extractions.

6.4.3. Overjet, overbite, and alveolar bone thickness

Table 6.6 Intergroup comparison of overjet, overbite, and bone thickness in millimeters

(independent t-test).

Control Group (n=90) | Resorption Group (n=90)
Variable P-value
Mean SD Mean SD
Overjet 4.39 2.24 4.61 2.93 0.572
Overbite 2.19 2.01 1.93 3.17 0.512
Bone 15.067 1.998 12.541 2.13 0.0001
Thickness

Among cephalometric measurements including overjet, overbite, and bone

thickness, statistically significant difference was seen only in bone thickness between

the resorption and the control groups.
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6.4.4. Tooth movement

Table 6.7 Intergroup comparison of amount of tooth movement in horizontal and

vertical directions in millimeters (independent t-test).

Control Resorption
Tooth Movement P- value
Mean SD Mean SD
Horizontal | Incisal Edge | 1.41 | 1.34 | 282 | 2.22 | 0.0001
Displacement | Rootapex | 1.17 | 1.08 | 1.69 | 1.35 | 0.0048
Vertical | Incisal Edge | 1.14 | 1.15 | 1.447 |0.958 | 0.0534
Displacement | Rootapex | 1.02 | 1.01 | 1.81 | 1.12 | 0.0001

Statistically significant differences were seen in both horizontal and vertical

directions at the root apex level, while at the incisal level there was only statistically

significant difference in the horizontal direction.

Table 6.8 Distribution of subjects in terms of posterior (backward) and anterior

(forward) movements in the horizontal direction (chi square test).

Horizontal Control Resorption
) P-value
Displacement Posterior Anterior Posterior Anterior
Incisal Edge 37 53 36 54 0.879
Root Apex 58 32 69 21 0.072
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Anterior displacement is when incisal edge or root apex moves forward leading to
negative (-) subtraction result. Posterior displacement is when the subtraction result is

positive (+).

Table 6.9 Distribution of subjects in terms of intrusion (upward) and extrusion

movements (downward) in the vertical direction (chi square test).

Vertical Control Resorption
) P-value
Displacement . : : .
Intrusion Extrusion Intrusion Extrusion
Incisal Edge 44 46 27 63 0.009
Root Apex 36 54 20 70 0.0001

Difference in the distribution of the vertical displacements among subjects was

statistically significant between the resorption and control groups.
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7. DISCUSSION AND CONCLUSION

7.1. Discussion

7.1.1.Discussion of aims

The purpose of this study was to retrospectively determine the prevalence of
severe external root resorption (score 4 according to Malmgren et al.), in maxillary
incisors, during fixed orthodontic treatment and to evaluate the possible predisposing
factors for root resorption.

Root resorption is known as one of the most common complications following
orthodontic treatment. Being irreversible makes it considered as a true difficulty and a
limitation to obtain a perfect orthodontic outcome as it is an undesirable and frequent
side effect of the orthodontic treatment, which can affect its stability.

As patients are being more aware of the prognosis of orthodontic treatments, the
need of providing them with the best outcome is rising. Thus, it is very important to
understand the reason behind any unwanted treatment result. And the greater knowledge
derived from high quality researches and studies will help the clinician to minimize any
unwanted events and effects caused by orthodontic treatment, such as severe EARR.

The most affected teeth are known to be the maxillary incisors (Levander and
Malmgren, 1988). Well aligned and sound maxillary incisors is a key to successful
outcome, and orthodontists should put effort and pay attention to fine details affecting
these teeth; consequently, affecting the patient's smile. Maintaining the health of
patient's dentition and conserving the tooth's structure are the main goals of dental
treatment, provided by general practitioners and specialists. And orthodontists play a
major role in maintaining and conserving the patient's dentition during the orthodontic
treatment.

Root resorption cannot be avoided during orthodontic treatment, it always
occurs, ranging from minor irregularities in root apices, to severe ones affecting more
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than one third of the root length. Fortunately, most EARR cases are seen to be mild
cases, with no clinical significance. However, when it involves more of root structure it
becomes severe, and it may put the longevity of dentition and the orthodontic treatment
stability at risk.

In addition, the importance of maintaining and controlling the health of patient's
dentition is gained as a result of potential legal implications in daily dental and
orthodontic practice. When excessive movements or prolonged treatment are expected,
patients should be informed about the potential risks, and the decision has to be made to
limit any excessive movement, consider the most favorable mechanics, and avoid any
prolonged treatment plans. Orthodontists should always work to avoid subjecting their
patients to any biological damage.

Our study will serve the purpose of a self-assessment for practitioners in the
department of Orthodontics in Marmara University, with the goal of obtaining satisfying
orthodontic treatment outcomes in the future by creating an awareness of factors related
with severe root resorption. With providing the useful information necessary to
complete and fulfill the treatment objectives, practitioners are going to use our findings
as a guide for their future practice. And a review of previous and preceding treatment
mechanics and treatment plans is going to be available to be considered to assist them in
selecting the most favorable, reasonable and least harmful treatment modalities.

Picture 7.1.1.1. Panoramic radiograph showing perfect orthodontic treatment outcome.
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7.1.2.Discussion of materials and method

The final sample, after exclusion criteria was set, consisted of 90 patients. And
the study sample was then matched with a control group, consisted of 90 patients as
well. The gender ratio was 44 males to 46 females in study group, and 40 males to 50
females in control group. The mean age at the beginning of orthodontic treatment in
study group was 16.69 years, and 15.35 years in control group.

As evaluation process involved 3715 patients, radiographic films, panoramic
radiographs, were the first element to be inspected, and patients with no present clear
radiographic films —initial or final- were excluded of the study.

Panoramic radiographs are the most common diagnostic tool in dentistry. In
orthodontics, panoramic films are used as a diagnostic tool when it comes to missing,
supernumerary, and impacted teeth. Additionally they are helpful in cases of trauma and
temporomandibular joints disorders. Panoramic radiography is considered a useful tool
for detecting root resorption (Dudic et al., 2009).

The root morphology of the anterior teeth was a determining factor that
classified the study group into four different subgroups according to the root shape;
triangular, rhomboid, dilacerated, and pipette. Triangular root shape was the most
common in the study group, while rhomboid roots were the most common in control
group. Evaluation of root morphology was done using panoramic radiographs. The main
limitation in this evaluation was the poor quality of radiographic films for some patients,
which made the evaluation process more challenging.

Another determining factor the study group was classified according to was the
type of treatment. Patients were classified according to the treatment modality that took
place as non-extraction and extraction cases. It was important to subdivide subjects into
two groups to study the effect of treatment type followed and the severe EARR.

Lateral cephalometric analysis was another key element used in the study. The
lateral cephalometric radiograph is a standard component of clinical records taken for
orthodontic diagnosis and treatment planning (Proffit et al., 2007). It was initially
introduced by two scientists; Hofrath in Germany and Holly Broadbent in the United

States in 1931, and its main objective was to assess growth and development in the
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craniofacial complex (Hans et al., 2015; Miedzik and Syrynska, 2007). The relative use
of cephalometric analysis in orthodontic diagnosis and treatment planning has changed
throughout the years. With time the cephalometric radiograph became an important
diagnostic tool in orthodontics, and treatment objectives were drawn to achieve certain
final values.

The aim of cephalometric analysis is to estimate and understand the relationships
of the maxilla and mandible to the cranial base, and their relationship to each other, and
to understand the relationship of the maxillary and mandibular dentition to each other
and to the surrounding tissues in vertical, sagittal, and transverse planes. Conventional
analysis is performed by manually tracing radiographic landmarks to measure the
wanted linear and angular values. Later, cephalometric analysis and tracing became
digitalized with the help of computers and software, making the analysis less time and
effort consuming for orthodontists.

The rest of studied variables, overjet, overbite, bone thickness, and tooth
movement were measured using cephalometric radiographs. Another limitation we faced
in our study is the calibration and standardization of cephalometric radiographs
dimensions and measurements. As our sample contained growing patients, a stable and
non-changing reference was necessary to be followed. Middle cranial base was found to
maintain its stability in all pubertal growth periods, which allowed us to use it as a
calibration tool (Arat et al., 2001; Arat et al., 2010; Torlakovic and Fergvig, 2011).

As alveolar bone width was measured on cephalometric radiographs, limitation
of not clear and poor quality radiographic films was faced again. Few times the root
apex was difficult to be located precisely. Moreover, for determining the lining and
width of alveolar bone, it was necessary to locate its upper posterior and anterior
landmarks, and it was challenging to locate the anterior point, particularly. The distance
between anterior bone (UA) and the root apex, and between posterior bone (UP) and the
root apex in a line drawn parallel to the palatal plane (ANS-PNS) were measured and the
sum resulted in alveolar bone thickness (Handelman, 1996).

For the last and most determining factor in our study, tooth movement,
producing additional stable and constant references was necessary to provide accurate
measurements, and to have a negligible effect of growth affecting these distances. The

angle between Frankfort Horizontal (FH) plane and the Sella-Nasion line was reported
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in literature to be 7 degrees, and within an individual, does not vary significantly over
time (Huh et al., 2014). This angle was the base we built on to create horizontal and
vertical references for linear measurements. A parallel line to Frankfort Horizontal plane
was drawn intersecting the Sella (S) point in a clockwise direction with an angle of 7
degrees (Picture 5.6.5.3.1). Another vertical line dropped from the (S) point
perpendicular to the horizontal reference, and both lines were used to measure horizontal
and vertical movements in incisor edge and root apex. These lines are used as references
to evaluate dental and skeletal changes for orthognathic surgery cases as well (Boeck et
al., 2010). Post-operative values were subtracted from pre-operative ones, and absolute
values were used for statistical comparisons. Later on, the displacement values were
classified into positive and negative values; positive results indicate backward/upward
movement, i.e., retraction or intrusion, while negative values indicate
forward/downward movement, i.e., proclination or extrusion. Some researches added the
incisors inclination to the palatal plane angle as a determinant measurement for apical

root displacement, before and after the treatment (Kim et al., 2018) (Figure 7.1.2.1).

T
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Figure 7.1.2.1. Evaluation of maxillary central incisor displacement; Dx, horizontal
movement of the incisal edge; Dy, vertical movement of the incisal edge; 0, inclination

of the central incisor to the palatal plane (Kim et al., 2018).

7.1.3.Discussion of results

In agreement with the results of other researches, this study found a low
prevalence of teeth with severe EARR (3.23%) with the loss of more than 1/3 of root
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length, while 96.77% showed clinically acceptable root resorption classified as mild and
moderate, and as part of the biological tissue reaction to orthodontic treatment. Authors
have reported that prevalence of 1%-5% of patients experiencing severe EARR can be
seen following an orthodontic treatment (Artun etal., 2009; Killiany, 1999; Maués et al.,
2015; Mirabella and Artun, 1995).

To ensure the reliability of the scoring made by the examiner, kappa test was
used and kappa coefficient was calculated to assess the degree of agreement between
two sets of scoring. The percentage of agreement was substantial and kappa coefficient
was 0.643 and scoring of root resorption was reliable. To estimate the random error of
the method, Dahlberg formula was used (Dahlberg, 1940). The largest linear error found
was for the bone thickness (UA+UP) variable, 0.23 mm. All measurements were highly
reliable, and the repeated measurements were close to each other which reduced the
observer bias to a minimum.

After evaluating the results for inter-group comparison of the study and control
groups, the following variables were found to be significant (p<0.05). In relation to age
at the beginning of treatment, the difference was significant. As control group included
younger patients when compared to resorption group, it can be affirmed that older
patients have a higher risk to develop severe EARR following orthodontic treatment
(Table 6.4). This finding is seen to be approved by many authors, who suggested that
root resorption is more prevalent in adults than in children (Nanekrungsan et al., 2012;
Sameshima and Sinclair, 2001, 2001; Tian et al., 2013). On the other hand, some authors
reported that age was not a significant factor affecting root resorption for patients
receiving orthodontic treatment (Elhaddaoui et al., 2016; Kim et al., 2018; Pastro et al.,
2018). The reason that adults seem to be more susceptible to root resorption is that with
aging, the periodontal ligament becomes less vascularized, aplastic and narrow;
thickness of cementum increases; and density of bone increases as well (Thilander et al.,
2011).

Another significant factor found was treatment duration; control group presented
shorter treatment duration, mean of 2.48 years, when compared to resorption group,
mean of 3.7 years (Table 6.4). Patients who underwent longer orthodontic treatment had
higher risk to develop severe EARR. Long treatment time results in longer periods of

stimulation of the root and accumulation of root resorption (Maués et al., 2015). The
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possible correlation between the duration of active treatment and the incidence and
severity of EARR was controversial; some studies concluded that there is positive
correlation between EARR and treatment duration (Dindaroglu and Dogan, 2017,
Nanekrungsan et al., 2012; Pastro et al., 2018; Topkara et al., 2012). While other studies
found no significant association between root resorption and treatment duration
(Elhaddaoui et al., 2016; Kim et al., 2018).

The inter-group comparison has also revealed that there was no significant
relationship between severe EARR and gender of the patient (Table 6.5). Most of
authors reported there is no relationship between root resorption and gender, and it was
agreeing with our results (Consolaro, 2005; Jiang et al., 2010; Parker and Harris, 1998;
Pastro et al., 2018; Picanco et al., 2013; Ramanathan and Hofman, 2009). However,
very few studies reported that gender played a role in orthodontic root resorption, and
females were seen to be more susceptible than males (Jiang et al., 2003; Kalra et al.,
2019).

Treatment type or treatment modality was an important factor to be investigated
in our study. Treatment type may also affect the treatment duration in which they both
are linked and affected simultaneously. The results showed a significant relationship
between treatment type and severe EARR (Table 6.5). The resorption group presented
40 patients that were treated with extraction protocol, and mainly the upper first
premolars, while just 16 patients were treated with the same treatment modality in
control group. As extractions result in prolonged treatment time needed to close
extraction spaces, relieve crowding, and retract anterior teeth, authors agree with this
finding, reporting that treatment type should be chosen wisely with patients
accompanied with higher risk factors to develop EARR (Deng et al., 2018; Elhaddaoui
et al., 2016; Jacobs et al., 2014; Maués et al., 2015; Pastro et al., 2018; Picanco et al.,
2013).

The root morphology was found to have no significant relationship with severe
EARR (Table 6.5). This finding was contradicting with many authors; it was considered
that teeth with pipette or dilacerated (abnormal) root shape have a higher risk of root
resorption (Ahujaetal., 2017; Elhaddaoui et al., 2016; Marques et al., 2010; Quintanilha
et al., 2019; Sameshima and Sinclair, 2001). This finding is likely to be the result of
having high percentage of rhomboid roots in the sample, which reduces the risk of root
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resorption (Levander et al., 1998; Picanco et al., 2013; Quintanilha et al., 2019;
Sameshima and Sinclair, 2001).

In terms of cephalometric analysis, the inter-group comparison showed no
significant effect of overjet and overbite in the resorption group when compared to
control group, indicating that at the beginning of treatment, these variables are not a risk
factor to the development of severe EARR (Table 6.6). The mean overjet and overbite
values at the beginning of orthodontic treatment did not show a statistically significant
difference. The mean overjet in the resorption group was 4.61 mm, which was slightly
higher than that in the control group, 4.39 mm. The mean overbite in the resorption
group, 1.93 mm, was seen to be less than that in the control group, 2.19 mm. This was
probably due to the increased number of open bite cases in the resorption group. The
differences in mean overbite and overjet between the two groups were not statistically
significant. These findings contradict most of the authors, and the justification for this is
the high percentage of patients with increased overjet and overbite in control group, and
their treatment included fewer extractions when compared to resorption group (fixed
functional appliances, intermaxillary elastics). Increased overjet is considered to be a
risk factor because the correction indicates that anterior teeth need to move long
distances to reduce maxillary anterior protrusion, and active torque with rectangular
wire was also required (Brin et al., 2003; Nanekrungsan et al., 2012; Sameshima and
Sinclair, 2001). The greater movements of teeth and active torque application have been
shown to result in EARR. Some authors reported that there was no correlation between
increased overjet and overbite and EARR (Jung and Cho, 2011; Picanco et al., 2013).
And others reported that increased overjet for more than 5 mm can be a risk factor,
which is agreeing with our results as the mean was less than this value (Maues et al.,
2015). As deep bite cases increase the need for intrusion mechanics and correction of
curve of Spee, authors have reported that deep bite can be a risk factor to EARR
(Martins et al., 2012). Moreover, some studies have shown that the reduction in occlusal
function in cases of open bite is a beginning of atrophy in the periodontal ligament
which becomes hypofunctional, with weak resistance to external stimuli which increases
susceptibility to root resorption (Elhaddaoui et al., 2016; Sringkarnboriboon et al.,
2003).
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Bone thickness was also evaluated to cephalometrically, and it showed
statistically significant results (Table 6.6). With relatively thin alveolar bone seen in
resorption group (12.5 mm), in comparison with thicker bone in control group (15 mm),
this result confirms the authors' hypothesis that thin alveolar bone is a risk factor for
severe EARR because teeth are being pushed against the thin cortical bone (Ahn et al.,
2013; Handelman, 1996; Horiuchi et al., 1998; Picanco et al., 2013).

The last variable related to cephalometric analysis was the tooth movement,
where mathematical calculation was done to measure the absolute values of apical root
displacement, and the incisal edge displacement, in vertical and horizontal directions.
Results showed significant relationship between the amount of tooth movement -net
displacement of the root apex and incisal edge during the treatment-, and severe EARR.
Horizontal incisal edge and apical root displacement were 2.82 mm, and 1.69 mm for
the resorption group, and 1.41 mm, and 1.17 mm for the control group, respectively.
Vertical incisal edge and apical root displacement were 1.45 mm, and 1.81 mm for the
resorption group, and 1.14 mm, 1.02 mm for the control group, respectively (Table 6.7).
This finding is approved by many authors; the increase in tooth movement is a risk
factor of EARR (Agarwal et al., 2014; Dudic et al., 2009; Kim et al., 2018; Motokawa et
al., 2012; Weltman et al., 2010). Furthermore, tooth movement was investigated further
to understand the effect of movement in horizontal and vertical directions, and to
understand the effect of movement of incisal edge and root apex in the occurrence of
severe EARR. In horizontal displacement, no difference was seen between the two
groups with respect to the number of patients with either proclination (anterior) and
retraction (posterior) movements (Table 6.8). Additionally, most anterior displacements
were seen at the level of the incisal edge, while the posterior displacements were seen
the most at the root apex. For the vertical displacement, statistically significant
differences were seen in the distribution of subjects with extrusion (downward) and
intrusion (upward) displacements in both groups, as extrusion was seen to be the most in
the resorption group at both levels of incisal edge and root apex, it was indicated that
extrusion affects the occurrence of severe EARR (Table 6.9). This finding is
contradicted by many authors, who reported that intrusion is most likely to be a risk
factor for root resorption when compared to extrusion; intrusion of teeth causes about

four times more root resorption than extrusion (Han et al., 2005; Parker and Harris,
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1998). This finding can be justified because the extractions of premolars, space closure,
and retractions of incisors result in controlled and uncontrolled tipping of these teeth,
which affect the incisors angulation and have extrusive forces (Jayaratne et al., 2017,

Luiz et al., 2016; Ruellas et al., 2013; Sarver and Weissman, 1995).

Figure 7.1.3.1. Tipping movement. A) Uncontrolled tipping B) controlled tipping. The
red arrows represent the force applied to teeth and the moment of force. The blue arrows
represent the force of a wire into the bracket and the moment of a couple. The green

arrow is the resultant moment (moment of force minus moment of a couple) (Luiz etal.,

2016).

In Orthodontics department, Marmara University, two space closure mechanics
are applied; sliding mechanics and closing loops. Once the canine retraction has been
completed, the anterior segment was retracted mainly using closing loops.
Consequently, retraction of incisors result in uprighting and relative extrusion as the

crown was retracted below the center of rotation (Kuhlberg and Nanda, 2005).

Figure 7.1.3.2. Retraction of incisors can result in extrusive movement.

69



The same extrusive effect was also seen with sliding mechanics; as incisors are
pulled below the center of rotation, and torque loss occur (Jayaratne et al., 2017; Ruellas
etal., 2013). This extrusive movement results in worsening any deep bite present before
retraction, and maxillary or mandibular incisors should be intruded to compensate this
effect. Intrusion of mandibular incisors was the most common protocol followed in the

department using utility arch and reverse curve NiTi wires.

Figure 7.1.3.3. Force system generated by a closed coil spring applying force bellow the

center of resistance of the segments (Luiz et al., 2016).

Another reason was the relatively high number of patients presented with open
bite in the resorption group, because extrusion of the upper and lower incisors was a
common orthodontic treatment for anterior open bites (Freitas et al., 2007). Moreover,
as our measurements were performed prior to the orthodontic treatment and after, and
the measurements of mid-treatment phase were not included, it was difficult to clearly
exclude intrusion as a risk factor. The reason behind this is the complex of movement
contributing; incisors may be intruded during working phase of the orthodontic
treatment, but during finishing and the final leveling stages, these teeth may exhibit
extrusive movements as a result of brackets repositioning, or as a side effect of the inter-
maxillary elastics.

The results of the present investigation conducted on the available records of
fixed orthodontic patients treated in Marmara University Faculty of Dentistry
Department of Orthodontics between 1990 and 2019 showed that the prevalence of
severe root resorption of the upper incisors was 3.23%. Older age at the onset of
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treatment, prolonged treatment duration, treatment with premolar extractions, presence
of a thin alveolar bone, excessive amounts of horizontal and vertical displacement of the
teeth were identified to be risk factors for the occurrence of severe root resorption.
These factors should be taken into consideration when making treatment plans for future
patients in order to minimize the risk of severe root resorption and to optimize the
treatment results. A further clinical study designed to elucidate the prognosis and
longevity of these severely resorbed teeth in the long term may provide interesting and
useful findings which could provide a better understanding of the outcome of this

undesirable clinical phenomenon.
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7.2. Conclusion

According to the methodology applied and the conditions established in this

study, it can be concluded that:

The prevalence of severe EARR in upper incisors in fixed orthodontic patients
treated in Marmara University, Faculty of Dentistry, Department of Orthodontics is
3.23%.

Older patients are more susceptible to severe EARR.

Patients with prolonged treatment duration are at higher risk to develop severe EARR
than patients undergoing short treatments.

Patients treated with extractions have a higher chance of presenting severe EARR
than patients treated without extractions.

Patients with thin alveolar bone are more likely to develop severe EARR than
patients with thick alveolar bone.

Excessive tooth movement increases the risk of severe EARR, and care should be
taken when such movement is needed.

Gender, root shape, overjet, and overbite are not considered as risk factors for

developing of severe EARR.
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