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Abstract
Tooth root resorption is multifactorial, leading to progressive destruction and eventual loss of tooth

root dentin and cement. There are internal and external types of root resorption, each having its
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variety. The etiology and pathogenesis of tooth root resorption are poorly understood, and the most

significant etiological factors are trauma, pulpal infection, tooth bleaching, and orthodontic treatment.

Tooth root resorption is primarily asymptomatic; thus, it is revealed accidentally by radiographic

examination. Progressive clinical manifestations are pain, tooth discoloration, tooth mobility, and

other conditions. Awareness of the causes and risk factors allowing tooth root resorption,

and regular radiographic examination, in case of necessity, make it possible to reveal resorp-

tion at an early stage and to prevent its further development. Thus, the aim of this study is to

present etiopathogenesis, a clinical course, and diagnostic peculiarities of internal and external

types of tooth root resorption, enabling practicing dentists to timely diagnose root resorption

and take appropriate measures to avoid further complications. Within the limitation of this

review, even though the etiopathogenesis of tooth root resorption is yet not fully understood,

it is suggested that the etiological factors fall into two groups (endogenic and exogenic) to

enhance further understanding of the possible causes and mechanisms of root resorption

and allow practitioners to monitor high-risk patients and make timely diagnoses. Moreover,

radiographic examination and CBCT are indispensable for the diagnosis of root resorption.

Keywords
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Introduction

A thin anti-resorptive barrier protects the internal and external walls of the tooth roots.
The pre-cementum layer protects the external walls, while predentin and odontoblasts
protect the inner walls of the tooth dentin.1,2 Resorption is associated with physiological
and pathological factors and results in the loss of dentin, cement, or bone tissues.3

Resorptive cells cannot colonize nonmineralized surfaces.1,2 Multiple mechanical, chem-
ical, and thermal factors have been established that encourage early mineralization of
defensive barriers and initiate root resorption.3–6

Various etiological factors of tooth root resorption are mentioned in the literature,
among which trauma and iatrogenic factors, such as bleaching and orthodontic treatment,
are especially noteworthy.7–10 Regardless of various causative factors, the etiology of
some types of resorptions is still unclear, which necessitates further research.11–13

Conditioned by etiological factors and location, the type of resorption is characterized by
pathogenetic peculiarities of its development. The cytokines, prostaglandins, and increase in
the tooth root canal inner pressure stand out in the pathogenesis of internal root resorption
(IRR).14–17 In external inflammatory resorption (EIR), the periodontal tissue lesion and nec-
rotic changes in the tooth root canal play a critical role, since exposed dentinal canals con-
tribute to the accumulation of bacteria, and destroyed tissue remnants.7,18 In contrast, in
external replacement resorption (ERR), the decay process is accompanied by reconstructive
changes. Thus, decayed areas of tooth dentin and cement are replaced with alveolar bone.7,11

The diagnosis can be made based on clinical and radiographic presentation. The patient
should thoroughlybe examined since tooth root resorption commonlyhas relativelymild clin-
ical manifestations or none. However, the final diagnosis is ultimately confirmed by radio-
graphic data.19–21 In this regard, cone beam computed tomography (CBCT) can be
informative.22
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Thus, this article aimed to present the etiology, pathogenesis, clinical course, and diag-
nostic peculiarities of internal and external types of tooth root resorption, focusing on
orthodontic etiology, enabling practical dentists to timely diagnose root resorption and
take appropriate measures to avoid further complications.

Description of different types of root resorption

External surface resorption (ESR). ESR is a sterile, transitory, pressure-initiated resorption
that involves small tooth root areas.11 With the elimination of the etiological factor, this
type of resorption is reversible, and it is possible to restore the cement of the tooth surface
under favorable conditions when the pulp is not infected.11,23 ESR starts with the root
surface and mainly involves the cementum and occasionally the dentin. Resorptive
lesions rarely extend beyond the cement-dentin limit. ESR is revealed radiographically
only with atypically extensive lesions. In practice, however, it is impossible to detect
resorptive lesions of the vestibular and oral surfaces of the root. It is, therefore mainly
diagnosed through histological examination after a tooth is extracted.24,25

External inflammatory resorption (EIR). EIR is the most aggressive and destructive type of
traumatic resorptions.26,27 EIR is associated with the infected pulp and periodon-
tium.11,19,28 It more often develops after severe trauma and commonly starts with a ves-
tibular surface of the root. The development of the lesion mainly depends on pulp
vitality.18,19,28 Consequently, if the blood supply of the affected tooth is not impaired,
the activity of osteoclasts only focuses on the transformation of the affected external
root surface, and the resorption is self-limiting, similar to that observed in a transitory
apical breakdown. However, when the root canal gets infected, microbial toxins can
move to the resorption area through dentinal tubules, leading to the progression of inflam-
matory resorption. Resorptive lesions can be superficial or involve deeper dentin layers.
Odontoclasts and areas of granulation tissue are observed at the site of resorption. The
pathological process is observed not only in the oral cavity but also with the disorders
of cardiovascular, endocrine, and other body systems, conditioned by the changes in
general health status.19,26–28

Dental pulp necrotic changes, the presence of microbes, periodontal lesions, exposed
and wide dentin tubules are of great significance in the pathogenesis of EIR, since they
contribute to the accumulation of bacteria and destroyed tissue remnants. Another con-
tributing factor is undeveloped tooth root (wide dentin tubules, larger pulp tissue).
Therefore, EIR is observed in children more often than in adults.18,19,28

EIR is primarily asymptomatic, while rarely observed clinical manifestations can be
similar to the signs of the pulpal lesion, so the diagnosis must not be based merely on
the clinical manifestations and patient’s complaints. When resorption results in further
pulpal necrosis, the tooth crown is discolored and patients present esthetic concerns,29

and clinical picture can be comparable to those of periapical periodontitis, such as lack
of tooth response to sensitivity testing and tenderness to palpation and/or percussion.

The roots can be shorter than typically estimated and/or have torn root edges. EIR
related to trauma frequently appears as radiolucent crateriform depressions on the root
surface with neighboring periradicular radiolucency. The root canal space is noticeable,
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representing an external resorption lesion to the root canal. Because of 2D nature of con-
ventional radiographs, EIR is identified when it is in the interproximal sides of the root.
Resorption over the vestibular/oral surface of the root is not noticeable. CBCT of the
tooth is needed to clarify the character of the resorptive area, i.e., the accurate amount
and dimension of the resorptive area, the extent of resorptive lesions alongside the
root, and the presence of a root wall perforation.19,28,29

The treatment is accomplished considering the severity of root resorption. The prog-
nosis of a positive outcome in the treatment of EIR is more often observed in adults. A
more successful outcome prognosis for the treatment of EIR is found to be in adults. The
wider the dentinal tubules, the more likely it is that destroyed remnants of the necrotic
pulp and bacteria that activate odontoclasts are retained in tubules and destroy cement
and dentin.8,22,30

External replacement resorption (ERR). ERR is caused by severe trauma to the periodontal
ligament, resulting in a loss of cell vitality and significant injury to cement.11

Consequently, the cells of the periodontal ligament undergo necrosis followed by the
loss of periodontal tissue. The dentin and cement of the tooth root are destroyed under
the influence of osteoclastic activity. The destructive areas are soon replaced by alveolar
bone, which is deposited by osteoblasts during the recovery process. Therefore, areas of
resorption are not radiolucent, as in the case of EIR. The periodontal ligament between
the tooth and alveolar bone is absent. Bone converges to the cement and dentine. ERR
may be self-limiting and/or localized.11,19

Where resorption involves more than 20% of the root surface, the root loses its physio-
logical mobility, which can cause a high-pitched metallic sound during percussion.
Generally, if there is tertiary dentin formation, the tooth is susceptible to sensitivity
testing, albeit with a delay.11 The final diagnosis requires CBCT to define the degree
of vestibular and oral ERR lesion and make a tooth prognosis.

ERR is observed in adults and sometimes in children31,32 and might cause tooth loss
over time. In developing dentition, teeth that undergo ERR, the eruption is impaired, pre-
cluding further growth of the neighboring alveolus. This leads to the affected tooth
becoming infra-occluded. Under these conditions, the immature alveolar ridge associated
with the ankylosed tooth can lead to undesirable changes in appearance, phonetics, and
function, which will cause complications in any future restorative treatment.33–35

External cervical resorption (ECR). Certain types of resorptions cannot be classified as
superficial, inflammatory, or replacement. These are grouped in the fourth category
called either idiopathic, primarily, or cervical resorption. The etiology of this external
resorption of the root surface is unclear,11–13 though it is observed mostly after dental
treatment.12,13,18,36,37 It commonly starts from the cemento-enamel junction (CEJ) and
develops due to damage to the subepithelial cement. The frontal teeth as well as first
molars are mainly affected.38,39

ECR takes place in three steps: initiation, resorption (destruction), and repair.40

Osteoclastic cells of periodontium occupy the root surface through the gaps in the
cement, forming a fibrovascular lesion (resorption phase), which can eventually calcify
and develop into fibro-osseous tissue (reparative phase).41,42 Minor lesions may
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resolve.39,43 However, most lesions of ECR are not self-limiting and commonly present
with a continued resorption period.19

ECR lesions are not infected; only secondary invasion of bacteria is observed.41 Some
authors still believe that ECR is caused and maintained by bacteria in the dentinal tubules
and/or gingival crevices suggesting their inflammatory nature.19,44

ECR is rather challenging in terms of diagnosis since it is asymptomatic at the early
stages, and the pulp and periodontium involvement takes place at the late stages of the
development.12,45 Moreover, ECR is often misdiagnosed as caries. A pink spot on the
tooth cervix is considered a pathognomonic clinical symptom.19,41 There may be clinical
manifestations of pulpitis and apical periodontitis at more advanced stages with pulpal
involvement.

Clinically, ECR is determined when the probe’s tip meets the lesion and grasps the
edges of the resorptive defect. ECR lesions are firm and scratchy during probing and
can be distinguished from subgingival caries, which give a tactile sense of stickiness
when probing.46 Moreover, cervical resorption lesions frequently bleed profusely on
probing due to their vascularity. Early ECR may not be clinically diagnosed, so a radio-
graphic examination is needed.11,41,42

There is no typical picture present. Lesions may have well-demarcated or uneven
borders in the cervical region. However, resorption of the dental hard tissue makes the
early lesions radiolucent, while profound (fibrosseous) ECR defects can present with a
spotted appearance which reflects the attempt to repair the resorbed root area.46 The
root canal outline is noticeable through the resorption lesion, demonstrating that the
lesion is out of the root canal, considered ECR pathognomonic sign.

Internal root resorption (IRR). IRR is also called internal granuloma.9,10 IRR is increasing
the destruction of intraradical dentine and dental tubules in 1/3 of the middle or apical
tooth root canal.47 Resorption can involve one or multiple teeth. It is more common in
incisors, however, can also be observed in the lateral group of teeth, especially in
lower molars. A combination of internal and external resorptions is also possible.

IRR can be slow (years), fast (several months) or proceed with no marked pathological
activity.48 Inflammatory and replacement IRR are differentiated. Internal resorption is
mainly caused by pulp infection, orthodontic treatment, and trauma.49,50 At the same
time, some clinical cases show the presence of IRR in healthy unerupted teeth.

Many aspects of IRR have been studied, however, the true mechanism of its develop-
ment is still unclear. IRR is a destructive process that occurs only in root canals and/or
pulpal cavities. The pathological process can be different, conditioned by etiological
factors. Nevertheless, a trauma (mechanical and chemical) to the protective tissues and
stimulation by infection or pressure occurs.51,52 A schematic illustration of etiopathogen-
esis of internal root resorption is presented in Figure 1.

IRR due to trauma is believed to develop in the following pattern. Sudden trauma to
the tooth causes intrapulpal bleeding with further hematoma formation, which is replaced
by granulation tissue. Proliferating granulation tissue exerts pressure on the dentin wall,
the formation of predentin is discontinued, odontoclasts differentiate from non-
differentiated storage cells of the connective tissue and resorption starts.51,52
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Resorption proceeds in two phases – degradation of inorganic tissue structure followed
by disintegration of organic substance.53,54

Three factors are crucial in the pathogenesis of IRR.14–17

• cytokines, such as interleukin 1 (IL-1) and Tumor Necrosis Factor (TNF)
• prostaglandins (for example, PGE2)
• increase in internal tissue pressure is also possible.

In the case of internal inflammatory root resorption, the coronal pulp in the lesion is nec-
rotic, while the pulp in the apical portion is viable, providing nutrients to the odontoclasts
and permitting the development of the resorptive process. Moreover, complete pulp
necrosis leads to the termination of resorption, as resorption of the hard tissues requires
the presence of living cells.11,19,48 Internal inflammatory resorption, in its turn, can be
complicated by root canal wall perforation.55

Histologically, lesions of replacement resorption reveal the existence of metaplastic
hard tissue transforming the resorbed dentin at the boundary of the lesion, which suggests
both resorption and replacement: this metaplastic hard tissue is alike cement or osteoid
tissues.28 According to Stanley’s data, tooth root resorption is accompanied by an accu-
mulation of minerals in the tissues, similar to bone or cement. The resulting tissue does
not look normal, so it is called "metaplastic" tissue.44,51 Thus, internal inflammatory
resorption increases dentin loss, while replacement resorption of root canal is a successive
accumulation of hard tissue, resembling bone or cement, but not dentin.51,56

Figure 1. Schematic demonstration of the etiopathogenesis of internal root resorption

development.52
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Root resorption is known to occur mainly near the blood vessels. Heithersay
et al.43 assume that IRR can be caused by lateral blood flow through large collaterals.
Blood supply peculiarities mentioned can create sufficient conditions for resorption to
develop. It has been proved that active hyperemia supports and promotes odontoclas-
tic activity due to the high partial pressure of oxygen. The resorptive process can be
supported by electrical activity, such as piezoelectric potentials and blood flow poten-
tials (an electrical charge which occurs when the blood flows through the blood
vessels).

Multinuclear cells revealed in the lacunae formed due to IRR (Howship lacunae)
resemble the structure of the cells occurring in bone resorption.57,58 In addition, waste
products produced by bacterial cells can reach the parts of the root canal through the
dentin tubes, where the pulp is still viable. In this case, IRR requires a strictly random
arrangement of dentin tubules. At one end, they must open into the area where the
tissue necrosis occurred so that microorganisms can penetrate the tubules. The other
end of the tubules must be in the area of the root canal where the pulp tissue is still
viable. The condition is rarely observed, which might explain that progressive IRR in per-
manent teeth is relatively infrequent.51,57,58

However, progressive IRR with the formation of lacunae (as big as 2 mm, that are
manifested radiologically) is accompanied by infection and hard tissue necrosis in the
coronal part of the tooth root. Necrosis can develop when, because of progressive
IRR, the destruction becomes extensive, with the root surface or crown perforation and
communication between the mouth and the pulp cavities.51

Pulpitis and resorption in people with general health problems proceed in a different
way. Notably, all the factors which affect the mineralization of the hard tissue of a tooth
can influence the resorptive process as well. These include, for example, low levels of
vitamins A, C, and D, which can affect the formation of extracellular material, dentin for-
mation, and mineralization. Excessive vitamin D in the body leads to impaired dentino-
genesis, calcification of the pulp, and stimulation of the resorptive process.3–6 A high
level of parathyroid hormone was found to contribute to the hypomineralization of
newly formed dentin. There is evidence of a possible metastasis of a malignant tumor
in the pulp, followed by an increase in root canal pressure and stimulation of the resorp-
tive process.14–17

IRR is clinically asymptomatic, so the presence of resorption can be randomly
revealed by radiographic examination. In complete coronary resorption, a formation of
a pink spot on the coronary surface might be observed (pink spot disease), a granulation
tissue visible from the resorption area9,49,59 (Figure 2). With an asymptomatic process,
pathology can develop if the lesion does not affect the periodontal tissues.60 IRR, com-
plicated with perforation, differs from IRR by the large size of the lesion, which leads to
the perforation of the root cement towards the periodontal ligaments. Patient complaints
usually accompany root perforation, which results in pathological changes in the
periodontium.

In general, during the development of the resorption process, the teeth are partially
viable, so pain typical of pulpitis may initially occur. Signs of periodontal diseases,
such as the presence of fistula, and tenderness on percussion and palpation, are expected
at the later stages of development. Pain may occur due to coronal perforation when
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metaplastic tissue grows from the periodontal tissue to the oral cavity and is exposed to
aggressive stimuli.9,59,60

On visual examination, IRR can be revealed by discoloration of the tooth crown, by
conventional radiographic examination, CBCT, and light- and electron micros-
copy.21,59–61 Radiographic examination is mandatory for IRR diagnostics, revealing
the presence of round or oval-shaped radiolucent areas in the pulp chamber. The edges
are smooth with clear borders, distorting the natural shape of the root canal.7,62

Several radiographic films of different projections are required to determine the degree
of dental tissue loss and draw up a treatment plan.

Diagnosis is usually confirmed radiographically. Radiographically, IRR lesions are
defined as a radiolucent defect with symmetrical round or oval borders. However, some-
times the radiographic appearance of root resorption may differ from the abovementioned
images.28,63 Although the parallax method can be used to identify the location and char-
acter of the resorptive lesion, IRR may still be misdiagnosed in teeth with multiple roots
as ECR since the root canal of an intact tooth may be superimposed over the affected root,
thus providing the appearance of ECR.63 High-resolution CBCT is optional to confirm
the exact nature, position, and amount of the IRR and the existence of a perforation.59,64

Figure 2. ‘Pink spot’ on the crown`s vestibular (A) and palatal (B) surfaces of the right central

incisor.49
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Endodontic treatment is considered to be the treatment of choice for IRR. Root canal
treatment removes the granulation tissue and stops the blood supply of the clastic cells.
IRR is a clinical challenge for clinicians due to the difficulties of instrumentation and
filling of the root canal. In the case of root canal perforation, the working length deter-
mination cannot be accomplished with an apex locator.9

One of the most important factors is the application of sodium hypochlorite for the
chemical dissolution of pulp tissue. The application of EndoActivator helps to activate
sodium hypochlorite and facilitates the penetration of the solution to all the areas of
the root canal. This ensures a complete chemomechanical debridement of the root
canal system.49,65

The application of calcium hydroxide as a temporary dressing material increases dis-
infection effectiveness.29 As a permanent root canal filling, the material should be flow-
able to seal the root canal system as well as the resorptive defect. Thermoplastic
gutta-percha techniques are the methods of choice which provide the best results when
the root canal walls are intact. In the case of root canal perforation, MTA is considered
to be the material of choice to seal the perforation as it is biocompatible, bioactive, and
well tolerated by periradicular tissues.3,9 Currently, Biodentine is widely used as a new
calcium silicate-based material for filling resorptive defects. In addition to biocompatibil-
ity, Biodentine has some supplementary and desired properties over MTA, such as better
antibacterial characteristics, bioactivity-inducing hard tissue formation, better handling,
self-adhesion to dentine, less shrinkage, and a shorter setting time.3

Treatment approaches of IRR using endodontic regenerative treatment protocols. In the
1960s, the terms "regenerative endodontic treatment" (RET) and "revascularization"
were founded. Pulp revascularization is a technique that aims to replace previously
vital tissue that has been lost due to pulp necrosis with new vital tissue.
Revascularization techniques may have an advantage over traditional root canal
therapy in the treatment of IRR because they allow for the replacement of missing
dental tissues. As a result, the possibility of a better prognosis is a realistic possibility.66

This is particularly the case of immature permanent teeth, as the possibility of further mat-
uration lowers the risk of root fracture and successive tooth loss later in life.67 RET pro-
motes root development and thus prevents root fracture by restoring the flow of blood to
the tooth in situations of pulp necrosis with an open apex in permanent teeth, not only
eradicating and/or preventing apical periodontitis but also eradicating and preventing
root fracture.68 Only three clinical reports are available to date on the use of revascular-
ization in the treatment of IRR.66,69,70 Due to a lack of research, the efficiency cannot be
determined conclusively until more research is conducted. Furthermore, because these
treatments were only performed in the last five years, there is no information on the long-
term results and durability of the revascularization procedure.71

However, the most recent advancement in the treatment of IRR is RET, which allows
for the repair of damaged structures caused by resorption, thus providing a good
long-term prognosis for those teeth involved.69 The major consideration in RET is to
decontaminate the root canal system as thoroughly as possible using intracanal medica-
ments. In RET procedures, the most commonly used intracanal antibiotic combinations
are triple (metronidazole, ciprofloxacin, and minocycline) or double (metronidazole,
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ciprofloxacin). Although antibiotic combinations have been linked to positive outcomes
in RET procedures.66,72,73 After a delayed replantation procedure of a mature permanent
maxillary central incisor, Tambakad and Naidu70 described an unusual RET protocol in
an internal and external root resorption case. In that case, unlike previous RET reports,
platelet-rich plasma (PRP) was used instead of MTA during the replantation procedure,
and glass ionomer cement was applied to the PRP. Furthermore, regenerated vital or
vascular tissues were injected with a double antibiotic paste (minocycline, metronida-
zole). The tooth was asymptomatic at the 12-month follow-up, but there was no evi-
dence of hard tissue deposition in the IRR area.70,74 The previous case reports’
findings were significant, and they should be used as a starting point for revasculariza-
tion treatment in IRR teeth. Nonetheless, the outcomes of all of these cases show that
revascularization is effective when treating teeth with IRR. Revascularization was suc-
cessful in all of the treatments. All previous symptoms vanished, existing root resorp-
tion was stopped, and the root canal walls thickened after treatment, reducing the risk of
a root fracture. As a result, revascularization should be considered as an alternative to
traditional root canal treatment for IRR cases. It has been shown to be effective in the
treatment of IRR.71

Surgical approach as a second intention should be considered when it is not possible to
get access to the defect through the canal. Surgical approach provides an opportunity to
get direct access to the lesion and to accomplish a mechanical cleaning of the resorption
area.65

Transient apical breakdown (TAB). Andreasen et al.75 first described the process of TAB,
which is an uninfected transitory resorption of the root apex and the adjacent bone.
There is belief that the TAB resolves within one year and is associated with moderate
trauma. It may relate to the healing process and elimination of necrotic and damaged
tissue11,76:

Examination of the patient clinically may disclose temporary tooth discoloration and
postponed or no response to sensibility testing. Sensibility alteration to testing remains
particularly if root canal obliteration occurs by tertiary dentin. Preliminary radiographic
examination may reveal enlargement of the periodontal ligament space and blurry appear-
ance or loss of apical lamina dura may occur. The radiographic picture of the periodontal
ligament and lamina dura returns to a healthy state within 12 months. This occurrence is
an EIR with a short resorption period followed by reparation.11

Classification

Based on several parameters such as resorption location, lesion size, histological picture,
etiopathogenetic peculiarities, radiographic observations, various classifications of tooth
root resorption have been suggested. Andreasen et al. proposed a classification which dis-
tinguishes resorptions between two types: internal (inflammatory and replacement) and
external (superficial, inflammatory, and replacement).65,77 Although tooth root resorption
can be classified based on the various approaches, however one of the most common clas-
sifications is based on the pathogenetic process shown in Table 1.59,78
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The severity of root resorption can be classified on a scale of 0–4.79,80 Brezniak and
Wasserstein81 described three degrees of root resorption induced by orthodontic force
(Table 2).

Levander et al.82 categorized four levels of apical resorption, while Heithersay43 sug-
gested four levels of cervical resorption (Table 3).

More recent, another classification was proposed by Patel et al. (Table 4), which
involves external cervical resorption.

Etiopathogenesis

Though the etiology of tooth root resorption is still not well understood, there are
numerous etiological and risk factors noted, which can initiate or trigger resorption.
We suggest dividing these factors into two groups, i.e., endogen (host-related) and
exogen factors. Endogen factors include body peculiarities, such as gender, age,
race, characteristics of occlusion, genetic predisposition, and others.9,14–16,83–89

These factors are outside of any control, however, should be considered particularly
when planning orthodontic treatment, after which unwanted changes in the tooth root
are often observed. Mechanical factors occurring in orthodontic treatment (detailed
description in the section of Orthodontic Treatment Mechanics Factors) can be a pre-
condition to the development of root resorption, but these can be controlled and regu-
lated to prevent complications.83,90 Exogen factors include trauma, pulp infection,
orthodontic treatment, tooth bleaching, etc..7–10,19,91–93 Thus, etiological and risk
factors which can initiate or stimulate the development of resorption can be
summed up as presented in Table 5.

The teeth which previously suffered trauma or might have already been resorbed are
more susceptible to the force they undergo in orthodontic treatment. Therefore, it is pref-
erable to wait for at least three months for a re-implanted or transplanted tooth. The risk of
resorption in the teeth which have experienced internal bleaching is defined distinctly
from orthodontic treatment. Like traumas, the risk of resorption in orthodontic treatment
is higher in a tooth with internal bleaching. However, catalytic impact of high tempera-
ture can initiate root resorption after whitening non-vital teeth. The sodium perborate with
water is less harmful which unlikely to cause resorption.94–96

Table 1. Types of tooth root resorption.

Types of resorptions

Internal External

• Inflammatory
• Replacement

• Superficial
• Inflammatory
• Replacement
• Cervical
• Transient apical breakdown
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Table 3. Levels of a lesion in apical and cervical root resorption.

Root Resorption Levels

Level Apical resorption82 Cervical resorption43

1 Root resorption is insignificant and gives
root apex irregular contour.

Root resorption is a small invasive cervical
lesion presenting superficial dentinal
erosion.

2 Root resorption lesion on the hard tissues is
up to 2 mm. It is called minor resorption.

Root resorption lesion is restricted and
involves the dentin near the pulpal
chamber. However, it does not spread
further.

3 Root resorption affects up to the level of the
first third of the root. Therefore, the
resorption is assessed as severe.

Root resorption lesion penetrates
profoundly into the dentin up to the first
third of the root.

4 Root resorption involves spread further
than the first third of the root length and,
at this stage, is defined as extreme.

The root resorption process is extensively
aggressive and extends towards the apex
further than the first third of the coronal
root.

Table 2. Root resorption conditioned by orthodontic force.81

Degree of root
resorption

Root layers included in
resorption process Description

1 Cement or superficial
resorption with further
remodeling.

Here only outer layers of cement are resorbed
with further regeneration or remodeling.

2 Dentin resorption with further
restoration.

Outer layers of cement and dentin are resorbed
and mostly reconstructed by cementoid
substance. The shape of the root after such
resorption can be similar or different from
the original shape.

3 Apex circumferential
resorption.

Here, the hard tissues of the root apex are
entirely resorbed, and the root
radiographically appears to be shortened. No
regeneration is observed.

Table 4. Three-dimensional classification of ECR.

Height
Circumferential
spread

Proximity to the root
canal

1: At cemento-enamel junction level or coronal to
the bone crest (supracrestal)

2: Extends into coronal third of the root and apical
to the bone crest (subcrestal)

3: Extends into mid-third of the root
4: Extends into apical third of the root

A: ≤90°
B: >90° to ≤180°
C: >180° to ≤270°
D: >270°

d: Lesion confined to
dentine

p: Probable pulpal
involvement
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Resorption can occur because of an injury, such as preparation or trauma to a tooth
crown. Injuries to the teeth can damage the gum, alveolar bone, periodontal fibers,
tooth root cement, the nerves and blood vessels in the pulp, which leads to difficult
healing and possible complications, such as pulp necrosis, root resorption, root canal
obliteration, and destructions of alveolar bone.97 Facial traumas mainly involve anterior
teeth with further development of complications.91 Therefore, radiographic changes and
pulp vitality should be assessed over time. There is evidence that in 2% of cases, resorp-
tion develops after the tooth root dislocation. It can be caused by vital root resection and
following calcium hydroxide pulpotomy. Experimentally, it can be induced by dia-
thermy. Anachoresis is also mentioned as a causative factor.7–9,19,91 Orthodontic treat-
ment is also considered to be an etiologic factor of resorption.10,92

The primary role of dental pulp inflammation and bacterial factor in the pathogenesis
of these conditions is confirmed by some studies.93 Resorption occurs with caries pro-
gression as well, as an alternating process with active and passive stages. At the remission
stage, stratification of hard tissue in the form of irregular dentin can occur.3,49,55,59,78

Some authors have reported that those who underwent orthodontic treatment at or
before the age of 11 have a lower rate of tooth root resorption due to the preventive
effect of the pre-dentin layer of underdeveloped roots. This resorption can be avoided
if orthodontic tooth movement is carried out before the final formation of the tooth
root.83 Orthodontic movement of the teeth with underdeveloped roots does not interfere
with the tooth development, but these roots tend to be shorter. Vieira-Andrade et al.98

concluded in their study that age is associated with a higher incidence of inflammatory
root resorption in permanent molars. Age is supposed to have substantial relation to
root resorption since it is commonly observed in people over 20 years. However, no con-
stant association between chronological age and root resorption has been established.99

Gender is also considered a risk factor for tooth root resorption, with males being at a
higher possibility of root resorption than females.9 However, some authors reported that
gender is not associated with the root resorption of the neighboring impacted teeth.100

Some ethnic groups, namely Hispanics, are more prone to resorption than Asians.84,85

Table 5. Endogenic (host-related) and exogen factors of tooth root resorption.

Exogenic factors Endogenic (host-rated) factors

• trauma
• caries
• pulpitis
• tooth preparation for prosthetic purposes
• orthodontic intervention
• pulpotomy in treatment by vital

amputation method
• direct pulp capping with Ca(OH)2
• root resection
• tooth cracks
• bleaching

• age
• gender
• ethnicity
• genetic predisposition
• general illnesses (chronic asthma, hormonal

disorders etc.)
• impacted tooth
• root shape
• occlusal relationships, malocclusion
• habits
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The stimulation of the osteoclast formation (resorption cells) may be genetically linked.
Genetic differences related to the interleukine-1ß (IL-1ß) gene, which is associated with
the inflammatory process due to orthodontic treatment, may clarify the development of
certain external apical resorptions. Interleukin IL-1 (IL-1ß) allele 1 has 5.6-fold increased
risk of external apical root resorption (EARR). IL-1ß (13954) gene proposes a role for
this cytokine in the pathogenesis of EARR and the defensive mechanism of the
cement against root resorption. Qualitative and quantitative measurement estimation of
the external root resorption was 44.9% and 42.9% for monozygotic twins and 24.7%
and 28.3% for dizygotic twins, respectively. The overall heritability estimation was
0.34.14–16,83,86,87

Chronic asthma and allergies increase the risk of inflammatory root resorption during
orthodontic treatment101,102 (Figure 3). Patients with chronic asthma have a greater sus-
ceptibility to apical root resorption of the maxillary molars. This is due to the fact that
asthma permits the inflammation of the maxillary sinuses to be closely related with the
apex of the upper molars and bicuspids. Other researchers consider systemic disorders
and hormonal deficiencies as risk factors; however, the assumption is not conclu-
sive.103–105

Root resorption may initiate as a result of a neighboring unerupted tooth. A typical
problem with unerupted canines is the resorption of the adjacent lateral incisors or bicus-
pids roots. The 3D evaluation of unerupted canines and root resorption of lateral incisors
revealed no root resorption in 40.4% of cases, minor root resorption in 35.7%, 14.2%
moderate and sever root resorption in 14.2% and 4.0% cases respectively.106 Eruptive
process or migration of the unerupted canines during the root growth probably can
increase the risk of root resorption. One of the most significant predictors for root resorp-
tion of the incisors and first bicuspids is up to 1 mm physical proximity between uner-
upted canine and neighboring roots. The resorption which happens at the neighboring
roots can be triggered by direct physical injury, increased force at local root cement,
and dentin or focused resorptive molecules from the canine follicle.107

Development of severe root resorption is considerably less likely in patients with an
adequate overjet and Class I occlusion at the start of orthodontic treatment. Probably,
this reproduces the less movement of the teeth, mainly of the maxillary incisors. A
mean of approximately 1 mm of apical root shortening occurs in patients with Class
I. However, patients with Class II division 1 showed a mean root shortening of more
than 2 mm. Root resorption depends on the degree of incisor root displacement and the
quantity of movement required. Class III cases are overrepresented with severe root
resorption, possibly due to an increased chance that compensatory proclination of
upper incisors for Class III skeletal relationships have their roots forced against the
palatal cortical plate. Some malocclusions lead to undesirable ‘jiggling’ of the teeth
once the teeth are in occlusion.88,89 Such patients may have shortened roots before treat-
ment and are consequently at a higher risk of root resorption during treatment, maybe due
to uneven loading of the periodontium. Habits may also contribute to the degree of root
resorption. Increased root resorption is observed in nail-biters before and after orthodon-
tic treatment. This could be attributed to increased force on the periodontium for sus-
tained periods and actual digit habits.101 Anterior open bite is also an essential factor
in root resorption, as a reciprocating movement was assumed to be caused by the
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orthodontic force and the force of the tongue pushing the teeth in the opposite direction.
Patients who have open bite occlusal relationships had 26.1% of inflammatory root
resorption.83

Atypical root shape can be a resorption risk factor.83,108 Root shapes are typically
defined as normal, shortened, pointed, blunt, eroded, bent, bottle shaped102 (Figure 4).
Blunt or dropper-shaped apices demonstrate increased resorption compared to apices
with regular shapes. An unusual root shape was assumed to cause root resorption due
to reduced resistance to mechanical stimuli. The occurrence of root resorption in hypo-
functional teeth with atypical root shapes is higher than in functional teeth. The reason
is probably that absence of occlusion contacts in hypofunctional teeth did not cause
physiological root transformation after teeth eruption; thus, root resorption occurs.
Endodontic treatment can be another risk factor for progressive severe inflammatory
root resorption during orthodontic treatment.109 Various types of root resorption are pre-
sented in Figure 4. Figure 5

Orthodontically induced root resorption. The concept of inflammatory root resorption due to
orthodontic treatment is used to distinguish it from other causes of root resorption in per-
manent teeth.1 The force applied in orthodontic treatment inevitably leads to the devel-
opment of the inflammatory process necessary to move the tooth while being the
leading cause of root resorption. Therapeutic measures involve the bone, periodontal liga-
ment, and cement.4

Figure 3. Scheme of possible explanation of the orthodontically induced root resorption due to

the risk factor of allergy.102
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Resorption prevalence in different teeth varies. In particular, the incisors of the upper jaw
are more susceptible to resorption; they often resorb after orthodontic treatment.110 Lower
incisors and the distal root of the first permanent molars come next. Root resorption rate
in orthodontic treatment ranges from 4 to 91%.111–113 It was also revealed that root shortening
of varying degrees was observed in almost all patients and in up to 91% of the teeth. In few
cases, it exceeded 4 mm, however. It has been reported that external apical resorption occurs
in upper canines and lateral incisors, making 8.5% and 2.6% of cases, respectively. 4% of
patients experienced root resorption 6 months after the fixed orthodontic appliances were
placed.114 Figure 6 demonstrate root resorption conditioned by orthodontic treatment.

Destruction of the protective cement layer occurs due to EIR conditioned by orthodon-
tic treatment.5 The cement layer can regenerate and protect the underlying dentin layer
from resorption.19 Provided that the dentin is not involved, the process is controlled
during the orthodontic treatment. When the stimulus destroys the cement and inhibits
the repair process, the dentin is exposed. When exposed to destructive cells formed in
the periapical ligament, dentin is the beginning of a pathological process.47 The
cement can be regenerated if the dentin is intact. When the dentin decays, the cement
cannot be repaired. Such resorption can affect the root and neck of the tooth. The
newly formed cement covers the resorption site.50 Resorption leads to root shortening,
while ECR provides favorable conditions for the growth of microorganisms in the lesion.

Reduction of root resorption rate requires using an optimal force of 20–150g to move
the tooth. Periodontal ischemia is conditioned by excessive force, especially in adults, in
whom more significant apical load occurs, conditioned by the thicker cement layer in
comparison with those in adolescents.56 The root apex is more vulnerable to resorption
than the cervix because it is softer, hypomineralized, and contains less Sharpey’s
fibers. The area of compression of the periodontal ligament created by tooth movement
increases the likelihood of root resorption. The resorption is a side effect of orthodontic
treatment, but it can be reduced or restored after the orthodontic force is removed. Even
though resorption is inevitable in orthodontic treatment, it is insignificant, presenting
radiologically up to 2.5mm.62 In severe root resorption, the tooth becomes mobile, endan-
gering the entire course of treatment. Thus, assessing the risk factors for root resorption
before orthodontic treatment is crucial to avoid further adverse outcomes.21,73,115 In fact,
some patients tend to root resorption and should be informed of this before the treatment.
Many risk factors for resorption are mainly related to genetic predisposition or general
health status.116,117 Risk factors can be of a local character, i.e., associated with the
patient’s past dental history, especially orthodontic treatment. Reducing the advancement
of the resorption in orthodontic treatment is provided by changing the applied force. Root
resorption caused by orthodontic treatment is an uninfected inflammatory process, which
is not fully understood. Considering the numerous predisposing factors for orthodontic
root resorption in orthodontic treatment, it is necessary to analyze the risk factors asso-
ciated with orthodontic treatment to eliminate them, avoid complications, and achieve
a successful result.

Factors of Orthodontic Treatment Mechanics. There is an ongoing debate about
whether root resorption can be caused by orthodontic force alone and whether a small
amount of force can cause it. As a solution, some authors have suggested using force
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ranging from 7 to 26 g/cm2. The amount of force used is a determining factor, and the
intermittent use of force can cause less damage. The incidence of root resorption may
be induced by using greater orthodontic force and hyalinization of the periodontal
tissue caused by the high activity of cementoclasts and osteoclasts.118,119

Figure 4. Morphology classification of the root (A) Normal, (B) Shortened, (C) Pointed,

(D) Blunt, (E) Eroded, (F) Bent, (G) Bottle shaped.102

Figure 5. A. Apical root resorption. The tooth has previously undergone endodontic treatment,

but the root canals are insufficiently filled, which leads to periapical inflammation followed by root

resorption. B. Apical replacement resorption following orthodontic treatment. In this case,

resorption was caused by the incorrect application of orthodontic force.90 C. Tooth root internal

resorption. CBCT is preferable to confirm root perforation.9 D. External root resorption in the

lower left canine. The patient reports a jaw trauma he experienced many years ago, which caused

the loss of the lower-left lateral incisor. OPG reveals the presence of generalized periodontitis.
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Long-lasting orthodontic treatment had been established to be a causative factor of
resorption. One month of additional treatment causes extra root resorption of 0.1 and
0.2 mm of the most severely resorbed central and lateral incisor, respectively.
Typically root resorption is absent when treatment duration does not last more than 1.5
years. Complete treatment longer than 30 months has been confirmed to increase the
risk of severe resorption, as measured by the number of patients and the number of
teeth. Figure 7 demonstrates root resorption development after orthodontic treatment.

Although continuous force has been proven to produce quicker tooth movement than
intermittent force, it is associated with a greater risk of root resorption. Intermittent force
is applied to avoid more significant root resorption, which allows the reparative mechan-
ism to be initiated. The application of intermittent force was obtained with a 4-day force
application period followed by a 3-day resting period, and considerably less overall root
resorption was found. This eventually has led to using light continuous forces for carrying
out all types of tooth movements. Reparative cement formation occurs over-dependent
and tooth movement when a load is applied intermittently for a long time. Arc activation
is preferable once every 2-3 months, rather than once a month.83,120

Conditioned by the root morphology and force direction, the root surface compression
area is more vulnerable to resorption than the tension area. Periodontal ligament compres-
sion in tipping movement was more significant in the apex and cervix of the tooth,
whereas in vestibular root torque, the root resorption occurs more on the apex. The extent
of tooth movement in the bodily tooth movement was less than half that in the tipping
tooth movement. The most significant amount of tooth movement took place when 10gm
tipping and 50gm bodily force was applied. The resorption from the extrusive force was
restricted and not considerably different from the control group. Intrusive force considerably
increased root resorption by 4-fold and is considered the most harmful tooth movement since

Figure 6. Orthodontic treatment has often been found to result in external apical root

resorption across the mandibular anterior teeth and the first molars. The extent of root

resorption is dependent on the duration, the type of movements carried out, and the magnitude of

forces involved.
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the forces are focused and compressed on the apical tooth part.121,122 A new approach to
reducing root resorption during intrusion has been suggested by applying a lighter and
more constant force and controlling the force direction and the vestibulo-oral position of
the tooth. Application of substantial force beyond its acceptable limits for tooth movement
will increase the likelihood of root resorption. Tooth vertical movements apically and pro-
clination of incisor are critical indicators of external apical root resorption. Tooth rotation
leads to the formation of many resorptive lacunae on the root surface revealed by scanning
electron microscopic examination. The resorption zones were located primarily at the middle
root third, in regions that corresponded to the major sites of the roots. CBCT showed stat-
istically significant volume loss in root resorption after quick maxillary expansion.
Expansion with passive self-ligating brackets showed clinically significant expansion
(approximately 3.5 mm in 8 weeks) with no apical root resorption.123,124

Diagnosis and radiological image

External and internal types of resorptions have common features, so the clinical and
radiological manifestations of both conditions are often quite similar. In addition, the
presence of carious lesions and other conditions present in the form of radiolucency
can be confusing in the differential diagnosis of internal and external resorption.9,21,22,110

Clinical diagnosis of IRR is rather challenging. Although this condition has its char-
acteristic symptoms, it is still complicated to reveal.29,59,60,110 The diagnosis of IRR is
primarily based on two aspects. The algorithm of the complex diagnosis is figured out
with the help of these two aspects:

1. resorption signs in a radiographic image
2. clinical manifestations

Root resorption is nearly always clinically asymptomatic, especially at an early stage of
development. ECR can clinically present discomfort and manifest as pink discoloration of
the neck region, while apical resorption may be completely asymptomatic. Considering
all this, the diagnosis of root resorption can indeed be considered very difficult, especially
at the early stages.7

Figure 7. Prolonged orthodontic treatment usually demonstrates external root resorption. As

can be seen in the figure, the apical region of the root tends to resorb under the influence of

orthodontic forces and shows a more bulbous end after an extended duration of treatment.
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Histological and radiological methods can assess tooth root resorption. The benefit of
the histological technique is that it permits to directly observe the root’s surface, and even
the most minor lesions are visible. Several radiological methods are used to diagnose and
differentiate various types of root resorptions. However, many dentists prefer three-
dimensional imaging, such as CBCT and micro-CT.125,126 Absence of the overlapping
structure providing better visibility and simplifies root resorption diagnosis.127 In ortho-
dontics, radiological examination is carried out 3–6 months after installing the orthodon-
tic appliances and then repeated once a year.

Current approaches to detecting biological markers of root resorption are considered
sensitive, safe and predictable.128 Specific biomarkers such as aspartate aminotransferase,
salivary sIgA and serum IgG are also informative for this purpose. Biomarkers generated
by orthodontic tooth displacement indicate biological changes.129,130 The presence of
organic matrix proteins and cytokines, released from the adjacent bone and dentin into
the gingival crevice confirms the initial diagnosis.131 In tooth root resorption, as well
as in periodontal pathology gingival crevicular fluid volume increase and pH changes
are observed.86,132–134 Over 2000 new biomarkers associated with root resorption have
been identified by several studies.135,136 A large amount of dentin sialoprotein and
dentin phosphoprotein were found in physiological root resorption.137,138 Detection of
these biomarkers can be helpful in diagnosing root resorption.

Thus, radiographic interpretation of the resorptive process is essential for the differen-
tial diagnosis and prediction of treatment outcomes.61 Three-dimensional imaging makes
it possible to precisely assess the required area without overlapping the surrounding struc-
tures.47,137 In contrast to conventional computed tomography, CBCT at lower radiation
doses provides reliable information.139 Daily use of CBCT for endodontic purposes is
not suggested, but it is justified to assess dental-alveolar injury when conventional radio-
graphic examination methods provide insufficient information.140 Only high-resolution
small-field scans are acceptable for the diagnosis and treatment of resorption lesions.
Radiation dose reduction is essential to optimize patient affection.77 This will guarantee
agreement with as low as reasonably achievable (ALARA) principle, depending on the
quantity of affected teeth and the areas involved.

Several radiographic images with different projections need to be made to accurately
distinguish between internal and external resorption. If a radiolucent area in the radio-
graphic image does not change its position, IRR is diagnosed (Table 6).

CBCT is considered as an assistant and not a replacement for conventional radiog-
raphy. CBCT examination is accomplished after detailed clinical and conventional radio-
graphic evaluation has been carried out.

Discussion

Resorption of tooth and periodontal apparatus is represented by loss of dentin, cement, or
bone conditioned by certain physiological or pathological processes.3 Tooth root inner
and outer walls are secured by a thin antiresorptive barrier,1,2 but various chemical, mech-
anical, and thermal factors can cause structural changes in the barrier, promoting the
resorption process.3–6
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Several root resorption classifications have been suggested,19,20,43,59,78–82,140 each
having its own characteristics and advantages, but none of them is complete.
Histological classifications are mainly performed after tooth extraction and are therefore
clinically ineffective. Regarding Heithersay classification13,41,43 is only two-dimensional
i.e., it is valid only if the resorption of the cervix is limited only to the interproximal sides
of the tooth. In fact, this is uncommon, as ECR often involves the vestibular surface of the
teeth and are therefore underestimated. A three-dimensional classification proposed by
some researchers allows overcoming these limitations and accurately documenting the
true nature of the ECR.141

Various etiological factors in the development of the resorption, such as trauma,
pulpal infection, orthodontic treatment, bleaching, etc. are described in the litera-
ture.7–10,19,91–93 Risk factors include patient’s gender,9 age,99 ethnicity,84,85 root
form,83,106 occlusal peculiarities,83,88,89 genetic predisposition,14–16,83,86,87 underlying
diseases.101,103,105 The study of the above literature showed that there is no clear defin-
ition of etiological risk factors, all these factors either contribute or provoke the devel-
opment of resorption.

Though each type of resorption has its characteristic pathophysiologic peculiarities,
there are two factors mandatory for the development of the condition, i.e., trauma (mech-
anical, surgical, chemical, among others) and stimulation (infection, pressure etc.).7,140

Trauma is associated with unmineralized tissues covering the root surface, precement
or predentin. The resorption process is initiated by multinucleated cells that colonize
exposed mineralized tissues. In the absence of stimulation of resorption cells, a spontan-
eous termination of the process and recovery within 2-3 weeks is observed if injured
tissue does not cover a wide surface area. However, bone cells sometimes attach to
tooth roots before cement production resulting in ankylosis.1,2

Root resorption is generally asymptomatic, but clinical signs of pulpitis or apical peri-
odontitis may be observed. Crown discoloration is sometimes the only clinical manifest-
ation.9,59,60 Consequently, the diagnosis cannot be based solely on clinical findings and a
radiographic examination is required.28,63 In this case, the most informative radiological
study is CBCT, which reveals the site of resorption, the size of the lesion, and allows
drawing an appropriate treatment plan.64

Table 6. Radiological study of root resorption.

Internal resorption External resorption

1. Roentgenographically presents as round,
symmetrical lesion

1. Pathological lesion has rough, isolated,
asymmetrical edges

2. The position of the lesion is inside the root canal,
regardless of the X-ray projection

2. The location of the lesion changes with
different projection of the image

3. Resembles an enlarged pulp cavity or root canal
margin

3. Presents as an isolated area, demarcated
from the root surface
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Conclusion

Although the etiopathogenesis of tooth root resorption is not fully understood, the article
presents the currently adopted approaches to the issue. Division of etiological factors into
two groups (endogenic and exogenic) may enhance further understanding of the possible
causes and mechanisms of root resorption and allow practitioners to monitor high-risk
patients and make timely diagnoses, thereby preventing further complications.
Moreover, radiographic examination and CBCT are indispensable for the diagnosis of
root resorption.
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