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External cervical resorption—a review of pathogenesis and
potential predisposing factors
Yiming Chen1, Ying Huang1 and Xuliang Deng1

External cervical resorption (ECR) refers to a pathological state in which resorption tissues penetrate into the dentin at the cervical
aspect of the root. Despite being latent in its initial phase, ECR could cause severe damage to mineralized dental tissue and even
involve the pulp if not given timely diagnosis and treatment. Nevertheless, the etiology of ECR is still poorly understood, which adds to
the difficulty in early diagnosis. ECR has received growing attention in recent years due to the increasing number of clinical cases.
Several potential predisposing factors have been recognized in cross-sectional studies as well as case reports. In the meantime, studies
on histopathology and pathogenesis have shed light on possible mechanisms of ECR. This review aims to summarize the latest
findings in the pathogenesis and potential predisposing factors of ECR, so as to provide pragmatic reference for clinical practice.
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INTRODUCTION
Root resorption is featured by progressive degradation of miner-
alized dental tissue due to overactivity of absorptive cells.1

Depending on whether the outcome is desirable or not, root
resorption can be classified into physiologic and pathologic
resorption, the former of which generally refers to root resorption
during exfoliation of deciduous teeth.2 Based on the location of the
lesion, pathologic resorption is segmented into external root
resorption (ERR) and internal root resorption (IRR).3 Classifications
and terminology regarding external resorption vary across different
studies. According to the Andreasen Classification, which is by far
the most frequently cited in literature, external resorption can be
further categorized as inflammatory, replacement, and surface
resorption.2

External cervical resorption (ECR) was previously regarded as a
particular type of progressive inflammatory resorption related to
bacterial infection.4,5 In recent years, histopathological findings have
indicated that ECR possesses several distinct features compared with
inflammatory resorption.6,7 To be specific, ECR initiates at the
cervical aspect of the tooth, which is beneath the epithelial
attachment.6,8 By comparison, inflammatory resorption could occur
at any section of the root.3 Besides, the distribution of the resorption
lesion is also a pathognomonic feature of ECR.9 Concretely speaking,
as ECR proceeds, resorptive tissues extend circumferentially or
horizontally in the dentin while leaving the pulp intact.10

ECR was used to be considered as a rare disease due to a lack of
case reports. Its prevalence rate varied from 0.02% to 0.08%
according to different epidemiological studies.10,11 Multiple
cervical root resorption (MCRR) is a peculiar form of ECR in which
three or more teeth are implicated.12 Despite its destructive
nature, early stages of ECR lack apparent symptoms, which poses a
challenge for clinicians.1,13 In most cases, it is not until when the
resorption reaches its advanced phase that symptoms begin to

develop.6 Consequently, ECR may well have caused irreversible
damage to the tooth structure upon its being diagnosed.1,13

In consideration of its undesirable outcome, clinicians have been
attaching greater significance to early diagnosis and prevention of
ECR in order to contain the disease ahead of extensive progression.
Nevertheless, until recently the majority of literature regarding ECR
were case reports rather than studies on its pathologenesis.14 As a
result, our knowledge concerning the etiology of ECR primarily
derives from sporadic reports of clinical cases, which have put
forward various predisposing factors. This stresses the necessity of
summarizing its uncovered etiology so as to provide reference for
further research. Thus, this article will review the latest findings in
the pathogenesis as well as potential predisposing factors of ECR.

PATHOGENESIS
The low morbidity of ECR has led to a lack of studies on its
pathogenesis, which makes ECR by far one of the least understood
types of root resorption.1,14 Our current understanding of its etiology
is mainly based on histopathological findings. In the meantime,
significant improvements are still to be made concerning the precise
mechanism of ECR. As thus, the latest position statement by
European Society of Endodontology described the etiology of ECR
as poorly understood.14

In general, studies on the pathogenesis of ECR primarily focus
on two basic aspects, namely the lesion’s histopathological
manifestation as well as the cellular and molecular mechanisms
of osteoclastogenesis.

Histopathology
Pathological sections have provided important reference for under-
standing the cellular as well as tissue constituent of the resorption
lesion.7,13,15 ECR is believed to derive from a disruption of the
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periodontal ligament, which subsequently induces inflammation.16

Following the infiltration of inflammatory cells, granulation tissues
form and penetrate into the dentin.7 The resorption lesion extends
circumferentially and apico-coronally, thereby forming multiple
resorption channels inside the root (Fig. 1a).7 The resorption tissue
is primarily consisted of blood vessels, fibrous tissue, and a variety of
cellular components including fibroblasts, vascular endothelial cells,
adipocytes, and leukocytes (Fig. 1b). Multinucleated cells which are
morphologically similar to osteoclasts form within the resorption
lacunae (Fig. 1c).7 As resorption proceeds, the lesion is partially
repaired by ingrowth of osseouslike tissue.7

Besides providing insight into the resorption process, histo-
pathological studies have also shed light on vital structures related
to the pathogenesis of ECR. Upon initiation of resorption,
granulation tissues penetrate into the dentin at the cervical
aspect of the root (Fig. 1a).1,13 In most cases, regardless of the
extent of the lesion, the portal of entry is confined to the level of
the cemento-enamel junction (CEJ).8 This unique feature of ECR
has raised the concern over heterogeneity in the susceptibility to
resorption of different types of mineralized dental tissue.17,18

During the degradation of osseous tissue, the outer layer of
nonmineralized osteoid must be dissolved by protease before
osteoclasts can attach to the mineralized matrix and initiate
resorption.19 With regards to dental hard tissue, the surface of the
root is covered by a layer of cementoid, which plays a similar role
as the osteoid layer in resisting resorption.2 Epidemiological
studies point out that hypo-mineralization of the cementoid
increases the risk of ECR.10 Besides, histological sections reveal
that cementoid is mainly distributed in the apical and middle
section of the root.20 Therefore, the lack of cementoid at the
cervical aspect could be a reason for its susceptibility to
resorption. Apart from acting as a barrier against resorption
tissues, cementum could also react to external stimulus by
enhancing the repairment process. To be specific, cementocytes
react to resorption stimulation by reducing the expression of
sclerostin, a protein which could inhibit osteogenesis.21 Thus, the
cementum is considered to be pivotal in protecting mineralized

dental tissue against ECR. Developmental defects at the CEJ which
involve the cementum is regarded as a major predisposing factor
of ECR.7 Optical microscopy as well as scanning electron
microscopy both point to the discovery of a gap between the
dentin and the cementum at the CEJ of normal teeth.22 The
occurrence rate of this developmental defect in the population
has been reported as ~10% in studies.23 Under higher amplifica-
tion, small holes representing dentin tubules were detected in the
gap. Researchers therefore put forward the concept of “dentin-
cemento-enamel junction” so as to vividly depict the correlation of
dental hard tissues at the cervical section.22

Cellular and molecular mechanisms of ECR
Different terms have been put forward with regards to the
resorptive cells that actively degrade mineralized dental tissue in
ECR. As cells taking part in the shedding of deciduous teeth are
referred to as odontoclasts, several studies of ECR have adopted
this name.1,13,24,25 Meanwhile, some other studies prefer using the
term osteoclasts.3,9 In view of the diverse perspectives on
terminology, some experts have suggested using the term
osteoclast like cells or clastic cells, so as to draw a distinction
between these peculiar resorptive cells and osteoclasts.7,14

The underlying mechanisms of osteoclastogenesis in ECR is a
key issue concerning its cellular mechanisms. Compared with
other types of mineralized dental tissue, the dentin possesses a
higher content of non-collagenous bone matrix proteins, which
creates a favorable environment for resorptive cells to adhere.17

Osteocalcin and Osteopontin, which are expressed at high levels
in the dentin, facilitate osteoclastogenesis by acting as chemo-
attractants.18 On top of that, bone sialoprotein (BSP) possesses an
arginine-glycine-aspartic acid (RGD sequence), which can be
recognized by αvβ3 vitroneilin receptors of resorptive cells.26

The binding process induces the adherence of osteoclasts to the
root surface, which is an essential step in resorption initiation.
Histopathological studies suggest that osteoclastogenesis

occurs posterior to leukocyte infiltration.7 Yet, the exact cause of
inflammatory response in ECR remains controversial.27 By far,
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Fig. 1 Schematic image and histological sections of ECR. a Schematic image presenting the histopathological patterns of ECR lesion.
b Pathological section of ECR lesion showing granulomatous tissue and the impaired dentin. c Pathological section of ECR lesion showing
multinucleated resorptive cells located in resorption lacunae
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scholars have proposed two hypotheses with regard to the
activation of osteoclastogenesis, namely the inflammation theory,
and the infection theory.

The inflammation theory. This theory proposes that resorption is
initiated due to non-infectious exogeneous stimulation, which
induces local inflammation in the periodontium.27–29 Histopatho-
logical studies have revealed that microorganisms are mainly
distributed in the peripheral region of the resorption cavity, which
indicate that microbe infection occurs posterior to the activation
of osteoclastogenesis.7,30 Therefore, infection may not be a
requisite in the initiation of ECR.

The infection theory. This theory considers the mechanism of ECR
to be similar to that of periodontitis, which is to say the presence
of microorganisms is essential in the initiation of osteoclastogen-
esis.4,31 Since microbe infection has been proved to aggravate
leukocyte infiltration and induce bone resorption in periodontitis,
it is reasonable to infer that microorganisms may play a similar
role in the initiation of osteoclastogenesis in ECR.32

Despite there being diverse perspectives on the initiation of
ECR, inflammatory response is indispensable for osteoclastogen-
esis.32 Extensive research has been carried out on the correlation
between root resorption and inflammatory response. Interestingly,
proinflammatory cytokines holding the key to ECR are similar to
those generated during external inflammatory resorption (EIR) and
periodontitis.33,34 Therefore, ECR may share a common mechan-
ism with other types of mineralized tissue resorption.35

Under physiological conditions, bone resorption is strictly
regulated by systemic hormones and local factors so as to form
a balance with bone formation.36,37 ECR occurs when the balance is
tipped by local stimulation.38 In this case, hematopoietic stem cells
(HSCs) undergo a succession of differentiation and form circulating
peripheral blood monocytes as well as tissue macrophages, which
ultimately fuse into mature multinucleated resorptive cells.37

Studies have revealed that receptor activator of nuclear factor κB
ligand (RANKL) and osteoprotegerin (OPG) are two key factors in
modulating bone metabolism. The former acts as an agonist of
osteoclastogenesis, while the latter is regarded as an inhibitor.39 In
other words, the OPG/RANKL ratio is negatively correlated with the
activation of osteoclastogenesis.32 The differential expression of
OPG and RANKL is considered as an underlying reason for the
heterogeneity of susceptibility to resorption between cementum
and dentin. Compared with the dentin, the OPG/RANKL ratio is
higher in the cementum, which results in its stronger resistance
against resorption.21

Several cytokines are related to the regulation of RANKL
expression, among which IL-1β, IL-6, and TNF-α are recognized
as key factors contributing to its upregulation by studies on both
root resorption and periodontitis.32,40–42 Given that the initiation of
osteoclastogenesis in root resorption and in periodontitis share a
similar mechanism, it is reasonable to infer that resorptive tissues
might derive from periodontal tissues in ECR.33,34

Macrophages are also believed to play an important role in
regulating osteoclastogenesis.43 External stimulus could alter the
ratio of different phenotypes of macrophages. To be specific, an
increase in the M1 phenotype, which is commonly accompanied
by upregulation of IFN-γ and TNF-α, is positively correlated with
osteoclastogenesis in both periodontitis and external resorption.
Removal of the external stimulus could result in an increase in the
M2 phenotype and a decrease in the M1 phenotype, which in turn
inhibits root resorption.44,45

In addition to local inflammatory response, systemic factors also
play an essential role in regulating bone metabolism. Hormones
regulating blood calcium concentrations pose a significant impact
on osteoclastogenesis.46 Parathormone and 1,25-dihydroxyvitamin
D3 have been shown to promote osteoclast formation and activity,
while calcitonin, estrogen, thyroxine, and prostaglandin E2 impose

an opposite effect.47–49 The increased morbidity of osteoporosis
among post-menopausal women is believed to be related to
hyper-activation of osteoclasts.50 Several case reports have
presented results of screening tests of serum endocrine levels.
However, significant fluctuations of hormone levels are rarely seen
among ECR patients, and only a small number of case reports have
described abnormal laboratory examination results.51–53 Thus, the
relevance between root resorption and hormone levels calls for
further investigation.
Research on the specific mechanisms of ECR primarily focus on

the activation of certain cellular pathways as well as abnormalities
of gene expression. A study on the differential expression of micro-
RNAs shed light on the activation of the mineral resorption
pathway as well as the neurotrophic signaling pathway during
ECR.54 Compared with nonaffected gingival connective tissues
adjacent to the resorption lesion, the expression of miR-122-5p,
whose target gene functions in vesicular transport of proteins as
well as cell apoptosis was significantly up-regulated in the diseased
granulomatous tissue. On top of that, expressions of miR-20a-5p,
miR-30b-5p, miR-210-3p, and miR-99a-5p were reduced. Concre-
tely speaking, miR-20a is regarded as a key factor in osteogenic
differentiation of human mesenchymal stem cells.55,56 Besides,
studies show that miR-99a expression is negatively correlated with
inflammation and in the meantime results in a reduction of the
M1/M2 ratio.57 In view of the indispensable role of macrophages
during osteoclastogenesis, miR-99a-5p could be a vital regulating
factor of ECR. On top of that, the expression of miR-30b-5p was
found to be down regulated in both ECR and chronic periodontitis
(CP). Studies have shown that miR-30b-5p is capable of suppres-
sing the expression of inflammatory mediators such as IL-1β.58

In another recent study, whole exome sequencing on a two-
generation family with four members diagnosed with ECR was
carried out. The results revealed a mutation in the interferon
regulatory factor 8 gene (IRF8G388S).59 Notably, in vitro studies have
indicated that the IRF8G388S variant is capable of facilitating
osteoclastogenesis. Moreover, IRF8 deficiency mice has been shown
to exhibit an osteoporosis phenotype, along with an increase in
osteoclast quantity and resorption activity.60 Notably, the number
of osteoclasts lining the alveolar bone in IRF8 deficiency mice
increased without external inflammatory challenge.60

POTENTIAL PREDISPOSING FACTORS
By far, the majority of studies on the etiology of ECR has been
focusing on potential predisposing factors. Apart from retro-
spective studies, case reports on ECR have also put forward several
possible risk factors.10,52,61 Nevertheless, despite the increasing
number of risk factors identified in studies, the underlying
correlation between these factors and occurrence of ECR remains
undefined.61 In view of the uncertainty of its pathogenesis,
summarizing the potential predisposing factors may provide
significant reference for the prevention and early diagnosis of ECR.

Overview of previous cross-sectional studies
In spite of the diverse perspectives on its pathogenesis, studies on
the distribution and potential predisposing factors of ECR have
reached similar conclusions. By far, three cross-sectional studies
focusing on the distribution and potential predisposing factors have
been carried out in Australia (1999), Europe (2017), and Asia (2020),
respectively.10,52,61 No significant gender difference has been
reported among ECR patients (Figs. 2d, 3e, 4d).31,62 However, with
regard to MCRR, different studies point to diverse conclusions, which
could be the result of bias due to small sample sizes.63 A systematic
review on multiple idiopathic cervical resorption pointed out that
younger females, especially Caucasians, are more susceptible to
MCRR, while another research claimed that the incidence rate was
higher in men.52,63 So far, the majority of ECR cases are sporadic, with
merely one report pointing to familial inheritance.64
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ECR showed a wide age distribution across all studies, while the
majority of patients were young and middle-aged ranging from 20
to 50 years old.10,52,61 Concretely speaking, the susceptible age is
related to specific risk factors. In cases of para-functional habits,
the highest frequency of appearance was identified in patients
aged 35–39. While concerning poor oral health, it was mostly
observed in patients above ages 65. Orthodontics showed a high
incidence in ages between 15 and 19.10,52,61

With regards to the distribution of affected teeth, ECR showed
a high incidence rate in maxillary teeth, among which maxillary
incisors and canines presented the highest susceptibility
(Figs. 2c, 3d, 4c).10,52,61 This could be attributed to a higher
incidence rate of dental trauma in the maxillary dental arch.65

Besides, anterior teeth are subjected to greater movement during
orthodontic treatment due to their being located at the apex of
the dental arch, which increases the risk of post-orthodontic
resorption.10 Apart from maxillary teeth, mandibular molars also
showed high susceptibility to ECR in several retrospective studies,
which could possibly be caused by extraction of neighboring
teeth.61 Therefore, it is reasonable to conclude that susceptibility
to ECR is correlated to tooth position.
In terms of potential predisposing factors, trauma and orthodontic

treatment were recognized as major risk factors among all three
cross-sectional studies, while periodontal surgery, restoration, and
bruxism were also identified as common risk factors (Figs. 2a, 3a,
4a).10,52,61 Nevertheless, due to regional differences and the time
span between studies, there appeared to be a few significant
variations in the proportion of each factor.
A noteworthy difference appeared in the detectable rate of

predisposing factors. According to the first cross-sectional study

which was carried out in Australia, 16.4% of all examined teeth
had no confirmable potential predisposing factor.10 In the two
recent studies, risk factors were identified in almost all examined
teeth (Fig. 5).52,61 Moreover, due to modifications in treatment
methods, the incidence rate of post-bleaching ECR significantly
decreased over the past two decades.10,61 The proportion of
different factors varied across regions as well. To be specific,
Asians showed a 10 times higher incidence rate of prior
periodontal treatment along with an apparently smaller percen-
tage of malocclusion, compared with Europeans (Fig. 5).52,61

Furthermore, a latest cross-sectional study in Asia showed that
83.87% of patients were diagnosed as MCRR, while the percentage
was merely 11.3% in European patients (Figs. 3b, 4b).52,61 This has
drawn particular attention as MCRR was previously considered as a
relatively uncommon type of ECR.
Besides divergence in the constituent ratio of risk factors, new

studies also proposed that a considerable percentage of cases
were related to multiple risk factors (Figs. 2b, 3c). To be specific,
59% of cases were identified as multifactorial in the study carried
out in Europe (2017), while the proportion was 28.9% in the
Australian study (1999).10,61

It was not until recently that the first retrospective case control
study on local and systemic predisposing factors of ECR was carried
out.66 Compared with previous epidemiological studies which were
cross-sectional,10,52,61 case control studies offer a superior level of
evidence.67 A noteworthy finding was that among the six major
predisposing factors (bruxism, trauma, eruption disorders, extrac-
tion of an adjacent tooth, orthodontic treatment, and restoration)
taken into account, trauma was the only factor which showed a
significant difference between the ECR group and the control
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group.66 However, in view of the study’s small sample size as well as
its higher age distribution, the researchers did not draw valid
conclusions regarding the differences between the relevance rate
of post-orthodontic ECR.66

Major predisposing factors
Orthodontics. Orthodontics is a commonly identified risk factor
not only in ECR, but also in other types of external resorption.68,69

In terms of its incidence rate, recent studies revealed a sharp
increase from 24.1% to 45.7% during the past two decades, which
is primarily ascribed to the rise in the number of patients seeking
orthodontic treatment.61 Nevertheless, a latest epidemiological
study on Asians claimed that orthodontics was only the forth most
common predisposing factor, accounting for merely 15.87% of the
population.52 This might be attributed to the divergence in
craniofacial patterns and variations in perception of esthetics.70,71

Maxillary anterior teeth, especially maxillary canines and
maxillary central incisors, showed a high susceptibility to ECR
during and after orthodontic treatment. It is generally held that
canines are more resistant to orthodontic movement compared
with other teeth. Besides, as incisors are located in the apex of the
dental arch, they are subjected to greater tooth movement during
the treatment process. Both factors could possibly lead to
excessive force exertion, which causes greater damage to the
root. In addition, as mandibular molars are often used as
anchorage teeth, they also showed a high incidence of resorption.
Case reports have shown that the appliance of class II elastics led
to higher susceptibility to root resorption.72,73 Given that these
elastics are attached to maxillary canines and mandibular first
molars, the root surface may be exposed to greater forces, which
thereby increases susceptibility to resorption.10

Systematic reviews pointed to a positive correlation between the
extent of root resorption and the amount of force exerted on the
teeth.74 Besides, extending the time of acting force also increased
the severity of root resorption. As a preventive measure,
intermittence during tooth movement, which enables regeneration
of osseous tissue, is considered effective in mitigating the resorptive
process.75 According to previous studies, most scholars reached
consensus on the fact that the direction of tooth movement and
the loading regimen (continuous vs. intermittent forces) both have
considerable impact on the resorption process.74 Observations
show that applying 1 N of force to the cervical section of the root
for over 2 months could provoke severe resorption.76 Therefore,
maintaining an “optimal” orthodontic force within the levels of
capillary pressure during orthodontic treatment is necessary for
reducing the risk of ECR.76

The role of orthodontic forces in inflammatory root resorption
has been well-explored. It is possible that post orthodontic ECR
might share a similar mechanism. As a stimulation to the immune
microenvironment, orthodontic forces induce the synthesis of IL-1β
and IL-6, both of which are pivotal proinflammatory cytokines in
initiating osteoclast activation.34 Furthermore, applying excessive
orthodontic force could lead to the collapse of capillaries in the
PDL. This results in the dysfunction of blood supply, and thereby
creates a hypoxia microenvironment.77 As a consequence, the
activity of cementoblasts is repressed, while in the meantime
osteoclasts are activated. Once the protective layer of cementum is
degraded, inflammatory response is amplified due to exposure of
RGD peptides.78

It is worth noting that despite sharing a similar pathogenesis with
inflammatory resorption, ECR does not occur immediately after
orthodontic treatment. An interval of several years is commonly seen
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in the majority of cases, during which other predisposing factors may
also contribute to the initiation of ECR.1,72 This may explain the reason
why orthodontics is seldomly presented as a sole risk factor among
ECR patients.61 Besides, further analysis discovered a synergy of
orthodontics and other risk factors in inducing ECR, such as trauma,
extraction of a neighboring tooth, and parafunctional habits.61

Trauma. Trauma has long been considered as a prominent risk
factor of root resorption. Epidemiological research on European
populations revealed that nearly one-third of patients with ECR
recalled a history of trauma, which is second only to orthodontics.61

Besides, a recent study carried out in Asia showed trauma as the
leading cause of ECR.52 In terms of acute injury, the majority of ECR
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cases were detected within 2–5 months following trauma.79

Nonetheless, in cases of chronic dental trauma, the time lag
between injury and resorption initiation is usually long. In addition,
the medical history of dental trauma is largely based on the
patient’s recalling. As a consequence, the incidence rate of post
traumatic ECR might be underestimated.1

Similar as the mechanism of post-orthodontic ECR, damage to
the surface of the root by traumatic injuries causes loss of
cementum, which exposes the dentin to osteoclasts.7 The cervical
region of the root is especially vulnerable to trauma due to its lack
of cementoid.20 On the one hand, exposure of dentin at the CEJ
triggers the activation of osteoclasts.18 On the other hand,
absence of cementum allows intracanal bacteria and their
endotoxins to reach the PDL more readily, which amplifies the
inflammatory process.80 On top of that, trauma could alter the
microstructure of the root surface, thereby creating an ideal
surface for the adherence of osteoclasts.52

Dental injury occurs most frequently in youngster, which is in
accordance with the predilection age of post-traumatic ECR.81 Its
incidence rate also increases in proportion to the interval
between occurrence of trauma and initial examination.82 Post-
traumatic ECR is more likely to be detected in anterior teeth,
among which maxillary central incisors are most frequently
affected.10 This is consistent with the assumption that the
location of the tooth in the dental arch has a direct influence
on its susceptibility to trauma.83 To be specific, anterior teeth are
more prone to dental trauma, while posterior teeth are more
prone to orofacial trauma.52

Retrospective studies reveal that luxation poses a greater threat to
root resorption compared with intrusion.82 In order to minimize
damage to the CEJ, careful re-positioning of the luxated tooth along
with re-adaptation of associated bone and soft tissues is essential.84

Furthermore, orthodontically repositioning the luxated tooth
resulted in better marginal bone healing compared with surgical
replacement.85 As stated in some cases, immature permanent teeth
may possibly retain there pulpal vitality through appropriate surgical
re-positioning after intrusive luxation.84 During the stage of mixed
dentition, intrusion of primary teeth could cause developmental
defects to the permanent successor, which may become a
predisposing factor of ECR. This phenomenon is of particular
concern when direct impairment of the unerupted successor’s
cervical region is induced by the root apices of primary teeth.

Periodontal treatment. Consisting of sub-gingival scaling and
root planing, as well as mucogingival surgery, the effect of
periodontal treatment on ECR was often neglected in previous
studies.1 However, a recent research revealed that up to 27% of
the patients enrolled in the study claimed to have previously
underwent periodontal treatment.52

Several studies have pointed out that scaling and root planing
could result in alteration to the root surface.86,87 Despite the
reduction of collateral impairment due to improvement in
instruments, partial damage to the cementum is inevitable.88

Consequently, the exposure of dentin leads to activation of
osteoclasts, which initiates root resorption. Moreover, microbial
stimulation along with inflammatory response caused by period-
ontitis may also contribute to the activation of osteoclasts.52

During recovery, subsequent growth of epithelial cells along the
root surface facilitates the forming of a protective barrier against
osteoclasts.89 However, there is chance by which other types of
periodontal tissue adheres to the root surface in advance of
epithelium. This could possibly occur during guided tissue regenera-
tion (GTR), a therapy of which the aim is to form a new layer of
parodontium covering the root surface. Under these circumstances,
mononuclear cells originating in the PDL may differentiate into
osteoclasts and eventually lead to root resorption.90 ECR has been
reported to occur posterior to GTR in several cases, some of which
revealed a combination with ankylosis.90–92

Intra-coronal bleaching. As the first predisposing factor discov-
ered by clinicians,28 intra-coronal bleaching was identified as the
third largest risk factor in previous epidemiological researches.
Maxillary incisors were considered to be most vulnerable to
bleaching.10 However, in recent years, studies have shown a
significant decrease in the incidence rate of ECR caused by
bleaching. This could primarily be attributed to the standardiza-
tion of bleaching protocols as well as improvements in bleaching
agents.61 The latest cross-sectional study on predisposing factors
found no cases related to internal bleaching.52

It is generally held that physical and chemical properties of the
bleaching agents, as well as permeability of the dentin are the three
major factors contributing to the occurrence of post-bleaching ECR.
To be specific, the thickness of cervical dentin, the diameter of dentin
tubules, the presence or absence of smear layer, and the temperature
of bleaching agents codetermine the extent of permeability.22

Furthermore, a gap between the cementum and dentin at the
cervical region enables bleaching agents to reach the PDL more
readily. Several in vivo experiments have proved the bleaching
agents’ being capable of penetrating through dentinal tubules.93–95

As the most commonly used bleaching agent, hydrogen peroxide
(H2O2) can be applied either as an aqueous solution in different
dilutions or as a paste combined with sodium perborate. Due to its
capability of degrading mineralized and organic components, H2O2

is believed to reduce dentin hardness drastically.96 Besides, H2O2 is
considered as an unstable solution, especially when brought into
contact with catalase existing in oral environment. Thus, various
kinds of free radicals could be released during the bleaching
procedure, some of which could possibly dissolve mineralized dental
tissue. Some researchers claim that resorption is sustained by the
toxicity of byproducts of hydrogen peroxide.97,98 Apart from causing
direct damage to the root, bleaching agents are also capable of
activating osteoclast differentiation once they diffuse through the
dentinal tubules and come into contact with the PDL.28 In addition,
the forming of an acidic environment by bleaching agents provide a
favorable environment for the activating of osteoclasts.99

Dental trauma combined with intracoronal bleaching led to a
noticeable increase in the morbidity of ECR, which points to a
correlation between the two factors.10 For one thing, dental trauma
may well result in damage to the cervical cementum. For another,
reparative cementum that forms after trauma attaches loosely to
the dentin. Hence, trauma facilitates the diffusion of bleaching
agents, and thereby amplifies the inflammatory response.
Referring to the prognosis, post-bleaching ECR may ultimately

lead to ankylosis. Given that the periodontal tissue is likely to be
devitalized after bleaching, the absence of PDL cells gives rise to the
ingrowth of alveolar bone cells, which in turn facilitates ankylosis.100

Given the potential risk of bleaching, careful examination should
be carried out before embarking on internal bleaching treatment.
Probing and radiologic examinations are necessary for detecting
defects in the cervical region. Coronal sealing of the root canal with
glass ionomer cement serves as a feasible way of reducing the
possibility of periodontal or cervical leakage.84,101

In recent years, the introduction of sodium perborate mixed with
water as a substitute for hydrogen peroxide has brought about a
considerable decrease in the morbidity of post-bleaching ECR.102 35%
carbamide peroxide showed a combination of sodium perborate’s
safety and hydrogen peroxide’s efficacy in clinical practice.101

Surgery. Referring primarily to extraction of neighboring teeth,
the incidence rate of post-surgery ECR ranged from 6.3% to 14% in
different epidemiological studies.10,61 Collateral damage to the
CEJ during surgery serves as a possible explanation to its
mechanism.1 Due to the fact that extraction is more commonly
seen in molars, the incidence rate of post-surgery ECR is higher in
posterior teeth. In view of the overlapping of factors, more
nuanced classifications of predisposing factors have been put
forward by scholars in recent studies. To be specific, surgery has
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been subdivided into teeth extraction, teeth transplantation,
surgical exposure of unerupted teeth, orthognathic surgery, and
periodontal surgery.1,61 As a result, it would be difficult to
compare the incidence rate of risk factors concerning surgery
across different cross-sectional studies since the classifications
adopted by these researches are not completely consistent.

Malocclusion. Malocclusion refers to either premature contact or
overloading of the occlusal, both of which could lead to constant
excessive force on the root. Consequently, excessive force may
cause damage to the cementum, and thereby increases the root’s
susceptibility to external resorption. Malocclusion was identified in
17.5% of all examined teeth in a recent research.61 However, the
difficulty in clinical detection of malocclusion has caused several
studies to overlook this risk factor.

Parafunctional habits. A recent study showed that parafunctional
habits were identified in 23% of all the examined teeth, most of
which were found in combination with other factors. Besides,
patients aged 35–39 were most likely to be found with parafunc-
tional habits.61 Similar as malocclusion, parafunctional habits are
usually discovered through inquiry or by oral examination, and
could easily be neglected. Therefore, the incidence rate of these
two factors might be underestimated.

Undesirable oral hygiene. Poor oral health was considered as a
predisposing factor with an incidence rate of 22.9% in a recent
epidemiological study.61 However, it is notable that undesirable oral
hygiene is seldomly identified as a sole risk factor, and was not
presented in other retrospective studies. This is in accordance with
histological findings which indicate that bacteria are predominately
located at the outer layer of the resorption cavity. Accumulation of
bacteria due to periodontitis or plaque could act as a driving force in
sustaining the resorption process through increasing the expression
of inflammatory cytokines such as IL-1β and MMP-1.103 In other
words, poor oral health may possibly aggravate the resorption
process under the premise of other predisposing factors. Thus, it is
still uncertain whether bacterial infection alone could cause ECR.

Restorations. Restorations were presented as a major risk factor
in several cross-sectional studies. However, due to a lack of case
reports, the correlation between restoration and ECR is poorly
understood. Previous studies revealed that intracoronal restora-
tions accounted for the largest proportion of patients, while recent
research indicated that crown protheses were also identified as a
risk factor.10,52 Further study is required to clarify and define the
respective fatalness of different types of restorations.

Viral infection. The correlation between viral infection and ECR has
been depicted in a series of case reports, among which feline herpes
virus type 1 (FeHV-1) takes up the largest proportion. Feline
odontoclastic resorptive lesions (FORL), which is featured by
resorption of the cervical dental tissue, is a common disease among
domestic, captive, and wild cats. Notably, the clinical, radiologic, and
histopathologic characteristics of ECR and FORL appear to be
analogous.104 Besides, there has been a number of cases reporting
patients with ECR having direct contact with domestic cats, some of
whom showed positive titers of neutralizing antibodies against
FeHV-1. Moreover, contact with cats appeared as the only identified
predisposing factor in some cases. However, the exact effect of FeHV-
1 on root resorption remains unclear. Some researchers point out that
the virus might indirectly stimulate osteoclastogenesis via immuno-
logic cells.105 Besides FeHV-1, varicella zoster virus (VZV) and hepatitis
B virus (HBV) have also been reported in patients with ECR.106,107

Systemic disease. By far, there has been no evidence pointing to
a direct link between systemic diseases and ECR. Thus, our
understanding of the correlation between them is mainly

based on case reports. A recent epidemiological study claimed
that 2.4% of patients were diagnosed with systemic diseases.61

Bone metabolism disorder is by far the most commonly reported
systemic disease related to ECR. Celiac disease, which is likely to
cause deficiency of Vitamin D3, was discovered in a patient
diagnosed with MCRR.108 Hypothyroidism was identified in a
family, in which three members were diagnosed with ECR.64 In
addition to systemic diseases, reports have also presented cases
of ECR related to oral diseases, including peripheral odontogenic
fibroma and oral focal mucinosis.109,110

Nevertheless, there has been diverse perspectives on the
correlation between systemic disease and ECR. A case control
study revealed that the control group had more systemic
conditions than the ECR group. The only exception appeared in
diabetes, which showed a significantly higher incidence rate
among ECR patients.66 This could be attributed to the hypoxic
cellular microenvironment induced by diabetes, which is
favorable for osteoclastogenesis.111 Since our knowledge con-
cerning the synergism between systemic disease and ECR
mainly derives from sporadic cases, the underlying mechanism
needs to be further elucidated.

Medication. Bisphosphonate (BSPs)-related ECR has been
reported in a number of cases.112 Several studies on its mechanism
have been carried out, most of which point to the proinflammatory
property of BSPs. It is believed that amino-containing BSPs is
capable of triggering the production of proinflammatory cytokines
such as TNF-a, IL-1, and IL6, which could lead to activation of
osteoclasts.113–115 Another factor contributing to resorption initia-
tion is the prolonged skeletal half-life of BSPs, which has been
estimated to be ~10 years.116 As thus, the importance of thorough
dental assessments before, during, and after BSPs therapy is
essential for the prevention of ECR.
Apart from BSPs, chemotherapy and tetracycline related ECR

have also been shown in cases.12,117 However, according to a case
control study, the difference between the control and ECR group
regarding medication was not significant. In view of the limited
number of cases related to medication, the correlation between
medication and ECR calls for further research.66

CONCLUSION AND PROSPECT
Despite being previously regarded as an uncommon disease, the
number of case reports on ECR has been increasing rapidly in
recent years. In the meantime, research progress on potential
predisposing factors have provided significant reference for the
prevention and diagnosis of ECR. Nevertheless, owing to a lack of
foucs on its pathogenesis, our understanding of the etiology of
ECR is deficient, which may explain why the majority of patients
were diagnosed in advanced stages. In view of the difficulty in
early diagnosis along with the undesirable outcome of ECR, a
comprehensive understanding of its potential predisposing
factors as well as its pathogenesis is essential. Summarizing the
findings of recent cross-sectional studies and case reports may
help overcome the bias brought about by different studies.
Further research on etiology, especially the underlying mechan-
ism of various predisposing factors, may provide pragmatic
guidance for clinical practice.

ACKNOWLEDGEMENTS
This study was supported by the Beijing Municipal Natural Science Foundation (grant
number: 7182185).

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41368-021-00121-9.

External cervical resorption—a review
Chen et al.

8

International Journal of Oral Science           (2021) 13:19 

https://doi.org/10.1038/s41368-021-00121-9


Competing interests: The authors declare no competing interests.

REFERENCES
1. Patel, S., Kanagasingam, S. & Pitt Ford, T. External cervical resorption: a review. J.

Endod. 35, 616–625 (2009).
2. Aidos, H., Diogo, P. & Santos, J. M. Root resorption classifications: a narrative

review and a clinical aid proposal for routine assessment. Eur. Endod. J. 3,
134–145 (2018).

3. Patel, S. & Ford, T. P. Is the resorption external or internal? Dent. Update 34,
218–220 (2007). 222, 224–216, 229.

4. Tronstad, L. Root resorption—etiology, terminology and clinical manifestations.
Endod. Dent. Traumatol. 4, 241–252 (1988).

5. Trope, M. Root resorption of dental and traumatic origin: classification based on
etiology. Pract. Periodontics Aesthet. Dent. 10, 515–522 (1998).

6. Heithersay, G. S. Clinical, radiologic, and histopathologic features of invasive
cervical resorption. Quintessence Int. 30, 27–37 (1999).

7. Mavridou, A. M. et al. Understanding external cervical resorption in vital teeth. J.
Endod. 42, 1737–1751 (2016).

8. Bergmans, L. et al. Cervical external root resorption in vital teeth. J. Clin. Peri-
odontol. 29, 580–585 (2002).

9. Patel, J. & Beddis, H. P. How to assess and manage external cervical resorption.
Br. Dent. J. 227, 695–701 (2019).

10. Heithersay, G. S. Invasive cervical resorption: an analysis of potential predis-
posing factors. Quintessence Int. 30, 83–95 (1999).

11. Gulsahi, A. Clinical and radiologic appearances of invasive cervical resorption. J.
Oral Health Dent. Manag. 13, 934–939 (2014).

12. Llavayol, M., Pons, M., Ballester, M. L. & Berástegui, E. Multiple cervical root
resorption in a young adult female previously treated with chemotherapy: a
case report. J. Endod. 45, 349–353 (2019).

13. Patel, S., Mavridou, A. M., Lambrechts, P. & Saberi, N. External cervical resorption
—part 1: histopathology, distribution and presentation. Int. Endod. J. 51,
1205–1223 (2018).

14. Patel, S., Lambrechts, P., Shemesh, H. & Mavridou, A. European Society of
Endodontology position statement: external cervical resorption. Int. Endod. J. 51,
1323–1326 (2018).

15. Jebril, A., Aljamani, S. & Jarad, F. The surgical management of external cervical
resorption: a Retrospective Observational Study of Treatment Outcomes and
Classifications. J. Endod. 46, 778–785 (2020).

16. Polimeni, G., Xiropaidis, A. V. & Wikesjö, U. M. Biology and principles of peri-
odontal wound healing/regeneration. Periodontology 2000 41, 30–47 (2006).

17. Rumpler, M. et al. Osteoclasts on bone and dentin in vitro: mechanism of trail for-
mation and comparison of resorption behavior. Calcif. Tissue Int. 93, 526–539 (2013).

18. Segeletz, S. & Hoflack, B. Proteomic approaches to study osteoclast biology.
Proteomics 16, 2545–2556 (2016).

19. Wiebe, S. H., Hafezi, M., Sandhu, H. S., Sims, S. M. & Dixon, S. J. Osteoclast
activation in inflammatory periodontal diseases. Oral Dis. 2, 167–180 (1996).

20. Foster, B. L. Methods for studying tooth root cementum by light microscopy. Int.
J. Oral Sci. 4, 119–128 (2012).

21. Zhao, N. et al. Isolation and functional analysis of an immortalized murine
cementocyte cell line, IDG-CM6. J. Bone Mineral Res. 31, 430–442 (2016).

22. Neuvald, L. & Consolaro, A. Cementoenamel junction: microscopic analysis and
external cervical resorption. J. Endod. 26, 503–508 (2000).

23. Nanci A. Ten Cate’s oral histology: development, structure, and function. Mosby (2017).
24. Domon, T. et al. Electron microscopic and histochemical studies of the mono-

nuclear odontoclast of the human. Anat. Rec. 240, 42–51 (1994).
25. Kandalgaonkar, S. D., Gharat, L. A., Tupsakhare, S. D. & Gabhane, M. H. Invasive

cervical resorption: a review. J. Int. Oral Health 5, 124–130 (2013).
26. Raynal, C., Delmas, P. D. & Chenu, C. Bone sialoprotein stimulates in vitro bone

resorption. Endocrinology 137, 2347–2354 (1996).
27. Heithersay, G. S. Invasive cervical resorption. Endod. Top. 7, 73–92 (2004).
28. Harrington, G. W. & Natkin, E. External resorption associated with bleaching of

pulpless teeth. J. Endod. 5, 344–348 (1979).
29. Goon, W. W., Cohen, S. & Borer, R. F. External cervical root resorption following

bleaching. J. Endod. 12, 414–418 (1986).
30. Mavridou, A. M. et al. Understanding external cervical resorption patterns in

endodontically treated teeth. Int. Endod. J. 50, 1116–1133 (2017).
31. Fuss, Z., Tsesis, I. & Lin, S. Root resorption—diagnosis, classification and treat-

ment choices based on stimulation factors. Dent. Traumatol. 19, 175–182 (2003).
32. Hienz, S. A., Paliwal, S. & Ivanovski, S. Mechanisms of bone resorption in peri-

odontitis. J. Immunol. Res. 2015, 615486 (2015).
33. Zhang, D., Goetz, W., Braumann, B., Bourauel, C. & Jaeger, A. Effect of soluble

receptors to interleukin-1 and tumor necrosis factor alpha on experimentally
induced root resorption in rats. J. Periodontal Res. 38, 324–332 (2003).

34. Alhashimi, N., Frithiof, L., Brudvik, P. & Bakhiet, M. Orthodontic tooth movement
and de novo synthesis of proinflammatory cytokines. Am. J. Orthod. Dentofac.
Orthop. 119, 307–312 (2001).

35. Discacciati, J. A. et al. Invasive cervical resorption: etiology, diagnosis, classifi-
cation and treatment. J. Contemp. Dent. Pract. 13, 723–728 (2012).

36. Oates, T. W. & Cochran, D. L. Bone cell interactions and regulation by inflam-
matory mediators. Curr. Opin. Periodontol. 3, 34–44 (1996).

37. Teitelbaum, S. L. Bone resorption by osteoclasts. Science 289, 1504–1508 (2000).
38. Bar-Shavit, Z. The osteoclast: a multinucleated, hematopoietic-origin, bone-

resorbing osteoimmune cell. J. Cell. Biochem. 102, 1130–1139 (2007).
39. Nagasawa, T. et al. Roles of receptor activator of nuclear factor-kappaB ligand

(RANKL) and osteoprotegerin in periodontal health and disease. Periodontology
2000 43, 65–84 (2007).

40. Iglesias-Linares, A. & Hartsfield, J. K. Jr. Cellular and molecular pathways leading
to external root resorption. J. Dent. Res. 96, 145–152 (2017).

41. Cheng, R., Wu, Z., Li, M., Shao, M. & Hu, T. Interleukin-1β is a potential ther-
apeutic target for periodontitis: a narrative review. Int. J. Oral Sci. 12, 2 (2020).

42. Pan, W., Wang, Q. & Chen, Q. The cytokine network involved in the host immune
response to periodontitis. Int. J. Oral Sci. 11, 30 (2019).

43. Pereira, M. et al. Common signalling pathways in macrophage and osteoclast
multinucleation. J. Cell Sci. 131, https://doi.org/10.1242/jcs.216267 (2018).

44. Yang, J. et al. Enhanced activity of macrophage M1/M2 phenotypes in period-
ontitis. Arch. Oral Biol. 96, 234–242 (2018).

45. He, D. et al. Enhanced M1/M2 macrophage ratio promotes orthodontic root
resorption. J. Dent. Res. 94, 129–139 (2015).

46. MacDonald, B. R. Parathyroid hormone, prostaglandins and bone resorption.
World Rev. Nutr. Diet. 47, 163–201 (1986).

47. Poole, K. E. & Reeve, J. Parathyroid hormone—a bone anabolic and catabolic
agent. Curr. Opin. Pharm. 5, 612–617 (2005).

48. Li, T., Yu, Y. T., Wang, J. & Tang, T. S. 1,25-Dihydroxyvitamin D3 stimulates bone
neovascularization by enhancing the interactions of osteoblasts-like cells and
endothelial cells. J. Biomed. Mater. Res. A 86, 583–588 (2008).

49. Seifi, M., Eslami, B. & Saffar, A. S. The effect of prostaglandin E2 and calcium
gluconate on orthodontic tooth movement and root resorption in rats. Eur. J.
Orthod. 25, 199–204 (2003).

50. Black, D. M. & Rosen, C. J. Clinical practice. Postmenopausal osteoporosis. N.
Engl. J. Med. 374, 254–262 (2016).

51. Wu, J. et al. Multiple idiopathic cervical root resorption: a case report. Int. Endod.
J. 49, 189–202 (2016).

52. Jeng, P. Y. et al. Invasive cervical resorption-distribution, potential predisposing
factors, and clinical characteristics. J. Endod. 46, 475–482 (2020).

53. Chen, X. et al. Multiple idiopathic cervical root resorption involving all perma-
nent teeth. Aust. Endod. J. 46, 263–271 (2020).

54. Pettiette, M. T. et al. MicroRNA expression profiles in external cervical resorption.
J. Endod. 45, 1106–1113 (2019). e1102.

55. Zhang, J. F. et al. MiRNA-20a promotes osteogenic differentiation of human
mesenchymal stem cells by co-regulating BMP signaling. RNA Biol. 8, 829–838 (2011).

56. Jing, D. et al. The role of microRNAs in bone remodeling. Int. J. Oral Sci. 7,
131–143 (2015).

57. Jaiswal, A., Reddy, S. S., Maurya, M., Maurya, P. & Barthwal, M. K. MicroRNA-99a
mimics inhibit M1 macrophage phenotype and adipose tissue inflammation by
targeting TNFα. Cell. Mol. Immunol. 16, 495–507 (2019).

58. Naqvi, A. R., Fordham, J. B. & Nares, S. MicroRNA target Fc receptors to regulate
Ab-dependent Ag uptake in primary macrophages and dendritic cells. Innate
Immun. 22, 510–521 (2016).

59. Thumbigere-Math, V. et al. Inactivating mutation in IRF8 promotes osteoclast
transcriptional programs and increases susceptibility to tooth root resorption. J.
Bone Mineral Res. 34, 1155–1168 (2019).

60. Zhao, B. et al. Interferon regulatory factor-8 regulates bone metabolism by
suppressing osteoclastogenesis. Nat. Med. 15, 1066–1071 (2009).

61. Mavridou, A. M., Bergmans, L., Barendregt, D. & Lambrechts, P. Descriptive
analysis of factors associated with external cervical resorption. J. Endod. 43,
1602–1610 (2017).

62. Darcey, J. & Qualtrough, A. Resorption: part 1. Pathology, classification and
aetiology. Br. Dent. J. 214, 439–451 (2013).

63. Macdonald-Jankowski, D. Multiple idiopathic cervical root resorption most fre-
quently seen in younger females. Evid. Based Dent. 6, 20 (2005).

64. Neely, A. L., Thumbigere-Math, V., Somerman, M. J. & Foster, B. L. A familial
pattern of multiple idiopathic cervical root resorption with a 30-year follow-up.
J. Periodontol. 87, 426–433 (2016).

65. Atabek, D., Alaçam, A., Aydintuğ, I. & Konakoğlu, G. A retrospective study of
traumatic dental injuries. Dent. Traumatol. 30, 154–161 (2014).

66. Irinakis, E., Aleksejuniene, J., Shen, Y. & Haapasalo, M. External cervical resorp-
tion: a Retrospective Case-Control Study. J. Endod. 46, 1420–1427 (2020).

External cervical resorption—a review
Chen et al.

9

International Journal of Oral Science           (2021) 13:19 

https://doi.org/10.1242/jcs.216267


67. Haapasalo, M. Level of evidence in endodontics: what does it mean? Endod. Top.
34, 30–41 (2016).

68. Elhaddaoui, R., Qoraich, H. S., Bahije, L. & Zaoui, F. Orthodontic aligners and root
resorption: a systematic review. Int Orthod. 15, 1–12 (2017).

69. Deng, Y., Sun, Y. & Xu, T. Evaluation of root resorption after comprehensive
orthodontic treatment using cone beam computed tomography (CBCT): a meta-
analysis. BMC Oral Health 18, 116 (2018).

70. Gu, Y., McNamara, J. A. Jr., Sigler, L. M. & Baccetti, T. Comparison of craniofacial
characteristics of typical Chinese and Caucasian young adults. Eur. J. Orthod. 33,
205–211 (2011).

71. Chong, H. T. et al. Comparison of White and Chinese perception of esthetic
Chinese lip position. Angle Orthod. 84, 246–253 (2014).

72. Linge, L. & Linge, B. O. Patient characteristics and treatment variables associated
with apical root resorption during orthodontic treatment. Am. J. Orthod. Den-
tofac. Orthop. 99, 35–43 (1991).

73. Mirabella, A. D. & Artun, J. Risk factors for apical root resorption of maxillary
anterior teeth in adult orthodontic patients. Am. J. Orthod. Dentofac. Orthop.
108, 48–55 (1995).

74. Roscoe, M. G., Meira, J. B. & Cattaneo, P. M. Association of orthodontic force
system and root resorption: a systematic review. Am. J. Orthod. Dentofac. Orthop.
147, 610–626 (2015).

75. Weltman, B., Vig, K. W., Fields, H. W., Shanker, S. & Kaizar, E. E. Root resorption
associated with orthodontic tooth movement: a systematic review. Am. J.
Orthod. Dentofac. Orthop. 137, 462–476 (2010). discussion 412A.

76. Dudic, A., Giannopoulou, C., Meda, P., Montet, X. & Kiliaridis, S. Orthodontically
induced cervical root resorption in humans is associated with the amount of
tooth movement. Eur. J. Orthod. 39, 534–540 (2017).

77. Hohmann, A. et al. Correspondences of hydrostatic pressure in periodontal
ligament with regions of root resorption: a clinical and a finite element study of
the same human teeth. Comput. Methods Prog. Biomed. 93, 155–161 (2009).

78. Kvam, E. Cellular dynamics on the pressure side of the rat periodontium fol-
lowing experimental tooth movement. Scand. J. Dent. Res. 80, 369–383 (1972).

79. Andreasen, J. O. Luxation of permanent teeth due to trauma. A clinical and radio-
graphic follow-up study of 189 injured teeth. Scand. J. Dent. Res. 78, 273–286 (1970).

80. Abbott, P. V. Prevention and management of external inflammatory resorption
following trauma to teeth. Aust. Dent. J. 61, 82–94 (2016).

81. Andreasen, J. O., Bakland, L. K. & Andreasen, F. M. Traumatic intrusion of per-
manent teeth. Part 2. A clinical study of the effect of preinjury and injury factors,
such as sex, age, stage of root development, tooth location, and extent of injury
including number of intruded teeth on 140 intruded permanent teeth. Dent.
Traumatol. 22, 90–98 (2006).

82. Soares, A. J. et al. Frequency of root resorption following trauma to permanent
teeth. J. Oral Sci. 57, 73–78 (2015).

83. Malikaew, P., Watt, R. G. & Sheiham, A. Prevalence and factors associated with
traumatic dental injuries (TDI) to anterior teeth of 11–13 year old Thai children.
Community Dent. Health 23, 222–227 (2006).

84. Heithersay, G. S. Invasive cervical resorption following trauma. Aust. Endod. J. 25,
79–85 (1999).

85. Andreasen, J. O., Andreasen, F. M. & Andreasen, L. Textbook and Color Atlas of
Traumatic Injuries to the Teeth (Blackwell Munksgaard, 2018).

86. Andreasen, J. O., Andreasen, F. M. & Andersson, L. et al. Effect of root planing on
surface topography: an in-vivo randomized experimental trial. J. Periodontal Res.
50, 205–210 (2018).

87. Maritato, M. et al. Root surface alterations following manual and mechanical
scaling: a comparative study. Int. J. Dent. Hyg. 16, 553–558 (2018).

88. Draenert, M. E., Jakob, M., Kunzelmann, K. H. & Hickel, R. The prevalence of tooth
hypersensitivity following periodontal therapy with special reference to root
scaling. A systematic review of the literature. Am. J. Dent. 26, 21–27 (2013).

89. Magnusson, I., Nyman, S., Karring, T. & Egelberg, J. Connective tissue attachment
formation following exclusion of gingival connective tissue and epithelium
during healing. J. Periodontal Res. 20, 201–208 (1985).

90. Cury, P. R., Furuse, C., Martins, M. T., Sallum, E. A. & De Araújo, N. S. Root
resorption and ankylosis associated with guided tissue regeneration. J. Am.
Dent. Assoc. 136, 337–341 (2005).

91. Blomlöf, L. & Lindskog, S. Cervical root resorption associated with guided tissue
regeneration: a case report. J. Periodontol. 69, 392–395 (1998).

92. Yilmaz, H. G., Kalender, A. & Cengiz, E. Use of mineral trioxide aggregate in the
treatment of invasive cervical resorption: a case report. J. Endod. 36, 160–163 (2010).

93. Anderson, D. J. & Ronning, G. A. Dye diffusion in human dentine. Arch. Oral Biol.
7, 505–512 (1962).

94. Avny, W. Y., Heiman, G. R., Madonia, J. V., Wood, N. K. & Smulson, M. H. Auto-
radiographic studies of the intracanal diffusion of aqueous and camphorated
parachlorophenol in endodontics. Oral Surg. Oral Med. Oral Pathol. 36, 80–89 (1973).

95. Taylor, G. N., Madonia, J. V., Wood, N. K. & Heuer, M. A. In vivo autoradiographic
study of relative penetrating abilities of aqueous 2% parachlorophenol and
cambhorated 35% parachlorophenol. J. Endod. 2, 81–86 (1976).

96. Lewinstein, I., Hirschfeld, Z., Stabholz, A. & Rotstein, I. Effect of hydrogen per-
oxide and sodium perborate on the microhardness of human enamel and
dentin. J. Endod. 20, 61–63 (1994).

97. Rotstein, I., Lehr, Z. & Gedalia, I. Effect of bleaching agents on inorganic com-
ponents of human dentin and cementum. J. Endod. 18, 290–293 (1992).

98. Rotstein, I. et al. Histochemical analysis of dental hard tissues following
bleaching. J. Endod. 22, 23–25 (1996).

99. McCormick, J. E., Weine, F. S. & Maggio, J. D. Tissue pH of developing periapical
lesions in dogs. J. Endod. 9, 47–51 (1983).

100. Cvek, M. & Lindvall, A. M. External root resorption following bleaching of
pulpless teeth with oxygen peroxide. Endod. Dent. Traumatol. 1, 56–60 (1985).

101. Lim, K. C. Considerations in intracoronal bleaching. Aust. Endod. J. 30, 69–73 (2004).
102. Chng, H. K. Update on materials used in intracoronal bleaching. Ann. R. Aus-

tralas. Coll. Dent. Surg. 16, 147–150 (2002).
103. Gölz, L. et al. Hypoxia and P. gingivalis synergistically induce HIF-1 and NF-κB

activation in PDL cells and periodontal diseases. Mediators Inflamm. 2015,
438085 (2015).

104. DeLaurier, A., Boyde, A., Jackson, B., Horton, M. A. & Price, J. S. Identifying early
osteoclastic resorptive lesions in feline teeth: a model for understanding the
origin of multiple idiopathic root resorption. J. Periodontal Res. 44, 248–257
(2009).

105. von Arx, T., Schawalder, P., Ackermann, M. & Bosshardt, D. D. Human and feline
invasive cervical resorptions: the missing link?—presentation of four cases. J.
Endod. 35, 904–913 (2009).

106. Patel, K., Schirru, E., Niazi, S., Mitchell, P. & Mannocci, F. Multiple apical radi-
olucencies and external cervical resorption associated with varicella zoster virus:
a case report. J. Endod. 42, 978–983 (2016).

107. Kumar, V., Chawla, A. & Kaur, A. Multiple idiopathic cervical root resorptions in
patients with hepatitis B virus infection. J. Endod. 44, 1575–1577 (2018).

108. Dobroś, K., Myciński, P., Borowy, P. & Zarzecka, J. Multiple invasive cervical
resorption and celiac disease: a case report. Quintessence Int. 49, 407–412 (2018).

109. Heithersay, G. S., Musu, D. & Cotti, E. External tooth resorption associated with a
peripheral odontogenic fibroma: review and case report. Aust. Dent. J. 62,
516–522 (2017).

110. Gabay, E., Akrish, S. & Machtei, E. E. Oral focal mucinosis associated with cervical
external root resorption: a case report. Oral Surg. Oral Med. Oral Pathol. Oral
Radiol. Endod. 110, e75–e78 (2010).

111. Mavridou, A. M. et al. Is hypoxia related to external cervical resorption? A case
report. J. Endod. 45, 459–470 (2019).

112. Patel, S. & Saberi, N. External cervical resorption associated with the use of
bisphosphonates: a case series. J. Endod. 41, 742–748 (2015).

113. Coxon, F. P., Thompson, K. & Rogers, M. J. Recent advances in understanding the
mechanism of action of bisphosphonates. Curr. Opin. Pharm. 6, 307–312 (2006).

114. Hewitt, R. E. et al. The bisphosphonate acute phase response: rapid and copious
production of proinflammatory cytokines by peripheral blood gd T cells in
response to aminobisphosphonates is inhibited by statins. Clin. Exp. Immunol.
139, 101–111 (2005).

115. Dicuonzo, G. et al. Fever after zoledronic acid administration is due to increase
in TNF-alpha and IL-6. J. Interferon Cytokine Res. 23, 649–654 (2003).

116. Russell, R. G. G. Determinants of structure–function relationship among bipho-
sphonates. Bone 40, S21–S25 (2007).

117. Ben-Yehouda, A. Progressive cervical root resorption related to tetracycline root
conditioning. J. Periodontol. 68, 432–435 (1997).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

External cervical resorption—a review
Chen et al.

10

International Journal of Oral Science           (2021) 13:19 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	External cervical resorption—a review of pathogenesis and potential predisposing factors
	Introduction
	Pathogenesis
	Histopathology
	Cellular and molecular mechanisms of ECR
	The inflammation theory
	The infection theory


	Potential predisposing factors
	Overview of previous cross-sectional studies
	Major predisposing factors
	Orthodontics
	Trauma
	Periodontal treatment
	Intra-coronal bleaching
	Surgery
	Malocclusion
	Parafunctional habits
	Undesirable oral hygiene
	Restorations
	Viral infection
	Systemic disease
	Medication


	Conclusion and prospect
	Acknowledgements
	ADDITIONAL INFORMATION
	References




