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Abstract

Introduction: One of the most common sequelae observed after
dental trauma is root resorption. Objective: The aim of this study
was to classify and discuss the external root resorption after a
dental trauma, based on a literature review. Literature review:
A bibliographic search was performed in the following databases:
Medline, PubMed, and Lilacs, from 1997 to 2010. The following
descriptors were used: Root resorption, Dental trauma and
Classification. From a total of 152 articles found, 25 were selected:
24 in English and 1 in Spanish. Classic articles were also used in
our study. External root resorption after dental traumas can be
divided into superficial, inflammatory and replacement. It can also be
verified in primary dentition as physiological and atypical resorptions.
Conclusion: Each type of resorption presents clinical features as
well as radiographic and histological aspects. Therefore, the dentist
should know these characteristics to perform an early diagnosis
and appropriate treatment, minimizing the sequelae related to this
problem. Moreover, in primary dentition, the differential diagnosis
between physiological and pathological resorption is important to
avoid over-treatment.
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Introduction

According to the International Association of
Dental Traumatology, oral trauma comprises 5%
of all traumatic injuries [11]. The prevalence of
trauma in this area is higher between 18 and 30
months of age due to lack of development of motor
coordination and protective reflex, and, between
6-12 years of age, period in which children initiate
sports activities [22].

After dental traumas, sequelae (root resorption,
root canal obliteration, interruption in root
formation, periapical lesion, and damages to
permanent tooth buds) may be frequently observed
in patient’s follow-up appointments [6, 7, 18].
Tooth mobility, crown discoloration, and sensitivity
to percussion may also be reported as clinical
sequelae of traumatized teeth. Therefore, follow-
up radiographic examination of traumatized teeth
plays an important role in the early diagnosis of
these alterations [6].

Longitudinal studies show that root resorption
prevalence is very high (8-50%) after tooth trauma
[4, 5, 10, 13, 20], so that a standard classification
is mandatory for their diagnosis and treatment.

The aim of this study was to classify and discuss
external root resorptions after dental traumas, based
on a literature review, emphasizing the importance
of an early diagnosis and adequate treatment.

Literature review

Root resorption is defined as either a physiologic
or pathological event mainly occurring due to the
action of activated clasts; it is characterized by
the progressive or transitory loss of cementum or
cementum/dentin [19]. It is a strictly local process
and its onset is associated with a significant necrosis
of cementoblasts and/or injury to periodontal
ligament [8, 10].

Root resorptions occurrence may be induced by
traumatic and/or infectious factors. Dental trauma
is an important etiological factor of resorptions,
although these may also occur due to a chronic
inflammatory process of pulp and/or periodontal
tissue; also, root resorptions may be induced by
tooth eruption, impacted teeth, occlusal trauma,
pathological tissues (cysts or neoplasias), and by
the pressure exert by extreme orthodontic tooth
movement [2, 12, 14]. Root resorptions may also be
of idiopathic origin, although less frequent [9, 15].

Dental trauma can promote cementoblasts
necrosis either directly (when the traumatic impact
causes direct cellular crushing) or indirectly (when
trauma compromises the neurovascular bundle

which nurture periodontal tissues and tooth pulp).
As far as pulp is concerned, the lack of blood
supply results in pulp necrosis due to coagulation.
Following, the tooth defense mechanisms are also
affected and the tooth can be easily infected by
microorganisms, inducing and propagating root
resorption of inflammatory nature. Infection may
occur through dentinal tubules that are exposed
to oral cavity, through gingival sulcus and micro-
and macro-fissures of enamel appearing from
trauma or pulp contamination through anchoritic
via [2, 10].

Dentin, cementum, and bone are mineralized
hard tissues. However, while bone is continuously
remodeling by resorption/neoformation during life,
tooth’s hard tissues are not. Therefore, periodontal
ligament interposition between bone and root is
an important factor for root protection against
resorption [19].

External root surface hard tissues are protected
by pre-cementum, cementoblasts, and epithelial
rests of Malassez. If these tissues are mechanically
damaged or fragmented, a chemotactic process will
attract the activated clasts which will colonized the
affected or exposed surface, initiating the resorption
process. Cementoclasts or osteoclasts are present
in the interface between soft (periodontal ligament)
and hard tissue (cementum), at depressions in
the calcified matrix. Such depressions are areas
occurring from the reabsorption process itself, so-
called Howship’s lacunae (figure 1) [10].

Figure 1 - Photomicrography showing superficial root
resorption. Note the presence of osteoclasts (arrow)
in contact with tooth surface, occupying the so-called
Howship’s lacunae (HE - X 80)

Due to the complexity of root resorptions’
etiological factors, it is difficult to establish a



standard classification in literature. Several studies
were conducted to standardize the different types
of resorption [1, 2, 7, 12, 15, 19, 28].

Andreasen [1] has greatly contributed to the
understanding of root resorptions during 40 years.
This author creates a classification, largely used
until today, which divided resorptions into internal
(replacement and inflammatory) and external
(superficial, replacement, and inflammatory).

Gunraj [14] classifies root resorption in:
internal; external (superficial, inflammatory, and
replacement) associated with traumatic injuries;
external due to pulp necrosis and periradicular
lesion; external due to pressure on periodontal
ligament (tumors, cysts, orthodontic treatment,
impacted teeth); and cervical.

Benitez et al. [3] classified root resorptions
according to their localization, into internal
dentinal resorptions and external cementum/dentin
resorptions; according to etiology into physical
factors (traumas and tooth pressure), infectious
agents (from pulp cavity or periodontium), systemic
or from idiopathic cause infections.

Fuss et al. [12] proposed the diagnosis,
classification, and the treatment of choice of root
resorptions based on stimulation factors. These can
be: pulp infection, periodontal infection, orthodontic
pressure, ankylosis, and tumoral or impacted tooth
pressure. These authors affirmed that the most
common stimulation factor of root resorption is
pulp infection.

Heithersey [15] classifies dental resorptions
into three groups: induced by trauma, induced by
infection and hyperplasic invasive.

Patel et al. [24] divided root resorptions
regarding their localization of root surface into
internal and external (superficial, inflammatory,
replacement, cervical and apical transitory).

Yilmaz et al. [29] characterized cervical
resorption as a clinical term used for describing
an insidious, relatively uncommon, frequently
aggressive external root resorption. Internal
bleaching, orthodontic movement, traumatic injuries,
orthognathic surgery and periodontal treatment
account for this resorption type predisposing
factors. Different techniques have been described
for this resorption type, among them, guided tissue
regeneration (GTR).

Itis a literature consensus that root resorptions
after traumatic injuries are classified as external and
they may be divided into: superficial, inflammatory
and replacement [2, 7, 12, 14, 15, 19]. Lopes and
Siqueira Jr. [19] still classified inflammatory root
resorption, according to the area affected, into:
apical, lateral, and cervical. Kramer and Feldens
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[17] reported the atypical resorption in primary
dentition. Hereafter, we will show the clinical,
radiographic, and histological aspects as well as the
diagnosis and treatment of these types of external
resorptions.

Superficial root resorption

When small inflammatory changes occur, new
periodontal ligament and cementum are formed
only after one week post-trauma, characterizing
a superficial resorption [14]. Consequently, this
represents a transitory, self-limiting inflammatory
process, in which the body is capable of stopping
the resorption and inactivating the activated clasts,
i.e., the repair is spontaneous. Superficial resorption
can be classified as a transitory inflammatory
root resorption because due to lack of stimulus
to maintain their action, clastic cells stop their
resorptive activity and periodontal ligament
cells promote the area repair. Concerning to its
characteristics, it can be affirmed:

e The etiology is traumatic lesions of low intensity
in tooth’s support tissues, e.g. subluxation and
concussion;

e During tooth’s clinical examination, there is
no indicative sign of this resorption;

e Radiographically a normal lamina dura is
observed, as well as small excavations on tooth
surface;

e Histologically, resorption cavities are seen
reaching cementum and dentin, as well as the
presence of multinucleated giant cells so-called
osteoclasts (figure 1);

e Since the repair is spontaneous, no treatment
is necessary [8, 14, 15].

Replacement root resorption

Replacement or substitutive root resorption is
characterized by direct connection between alveolar
bone and tooth, a phenomenon so-called dental
ankylosis. The resorption occurs due to the lack
of vital periodontal ligament and bone remodeling,
during which osteoclastic activity causes tooth
resorption while osteoblastic activity creates a new
bone in the resorbed area. Since bone remodeling
is a physiologic phenomenon, the maintenance
factors represented by the calcitonin and parathyroid
hormones cannot be removed [19]. Concerning to
its features, it can be affirmed:

e Its etiology is any dental trauma capable of
provoke an irreversible damage to periodontal

ligament, resulting in dental ankylosis, e.g.,
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avulsion followed by delayed replantation of
avulsed teeth;

e Radiographically, the tooth presents no
symptoms, without physiologic or pathologic
mobility; and metallic sound in response to
vertical percussion, which can be diagnosed
even before radiographic evidences. Commonly,
the tooth is in infraocclusion [15, 26].

e Replacement resorption is greatly related
to age; the younger the patient, the greater
the resorption rate. There is a high risk of
infraocclusion when ankylosis is diagnosed
either before 10 years of age or prior to the
individual's peak of growth. However, patients
aging 20 years or more, root resorption rate
is slower, and the tooth can survive 20 years
or more. In patients aging from 7 to 16 years,
tooth loss occurs from 3 to 7 years after
the resorption onset; consequently, a long-
term treatment planning is important for the
replacement of teeth presenting this type of
pathology to avoid greater damages [15, 26];

e Histologically, bone trabeculae are in direct
contact with tooth root (figure 3);

e Replacement resorption is an irreversible
process; there is no treatment for its interruption

(10, 12, 15, 17, 26].

Because there is no etiological factor to be
removed, no treatment can be performed [12,
15]. The prevention to minimize the damage
to the periodontal ligament after trauma is the
only treatment [12]. When only the epithelial
insertion holds the tooth, or there is alteration of
the rizolysis process and permanent tooth delay
or ectopic eruption, primary tooth extraction is
indicated [17].

Rarely, a cementum layer may act as a biological
barrier and ankylosis is not followed by replacement
resorption [15].

Hidalgo et al. [16] reported the relationship of
replacement resorption due to trauma with patient’s
humoral immunological profile, concluding that
dentin exhibits a immunogenic potential and that
these patient’s serum presents a higher amount
of IgG and smaller amount of IgM, both specific
for human dentin, when compared to control
patients [22].

Figure 2 - Radiographs of tooth undergoing any type of trauma

a) Inflammatory resorption in tooth #51, reaching medium and apical thirds; b) Inflammatory resorption in tooth
#61 with resorption of root’s medium and apical thirds; c) Radiograph showing severe replacement resorption in

tooth #21, endodontically treated; d) Atypical resorption



Figure 3 - Photomicrography showing the histological
characteristics of replacement root resorption. It can be
observed bone lacunae (left) in direct contact with tooth
(HE - X 80)

Inflammatory root resorption

External inflammatory resorption is a
progressive inflammatory process and the main
factor accounting for its maintenance is pulp
necrosis. The presence of either pulp necrotic rests
or bacteria within dentinal tubules attracts a large
number of osteoclasts for the area. Consequently,
resorption advances continuously up to root canal
be exposed. It is necessary the clinician intervention
to stop the process through elimination or reduction
of the maintenance factor [12]. Concerning its
characteristics, it can be affirmed:

e Its etiology is traumatic lesions of great intensity
localized in tooth’s support tissues, e.g., lateral
luxation, intrusion and avulsion;

e Clinically, the tooth does not respond to vitality
tests. Tooth crown color can be altered to grey.
Tooth can present pain to vertical or horizontal
percussion, depending on the area in which
resorptive process is installed (apical or lateral,
respectively);

e Radiographically, it is seen a radiolucency
at periapical area associated with root
resorption (figures 2a and 2b). Concerning to
its localization, it can be classified as apical,
lateral, or cervical;

e Histologically, saucer-shape resorption areas are
observed, involving both cementum and dentin;
also inflammation of adjacent periodontal
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ligament and bone resorption occurs (figure 4).

It may quickly occur in young teeth because

dentinal tubules are larger and allow that

irritants move freely through root’s external

surface [28].

Chronic inflammation represents an indicative
of the necessity of endodontic treatment whose goal
is to promote bacterial disinfection of the affected
area [10, 12, 15].

When inflammatory resorption is detected,
calcium hydroxide is considered the intracanal
medication of choice. The mechanism by which
calcium hydroxide promotes tissue repair is not
known, but success rates of 97% have been reported
when this method is used [2].

Figure 4 - Photomicrography showing inflammatory root
resorption. It is observed chronic inflammatory infiltrate
causing a depression on root surface (HE - X 80)

Atypical resorption

In primary dentition, atypical external root
resorption can be diagnosed during follow-up
appointments of patients undergoing dental trauma.
This is not associated with pulp necrosis and is
characterized by tissue loss surrounding all root
circumference, normally involving root’s apical and
medium thirds. However, there is the maintenance of
periodontal ligament space and lack of both dental
ankylosis and periapical radiolucency. The tooth is
normally asymptomatic up to its rizolysis [17].

Atypical resorption is also known as dome-shape
or cone-shape resorption due to its radiographic
aspect, in which there is loss of root tissue and
bone tissue growth compensating the resorbed area
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and sound periodontal ligament (figure 2d). It seems
to be associated with thumb sucking and upper
incisors overjet, which resulting in constant traumas
of low intensity. It is self-limiting because there is
spontaneous repair of cementum and periodontal
ligament; consequently it does not demand any
treatment and its prognosis is favorable [26].

Discussion

Depending on the trauma type, there is a greater
or smaller risk of root resorption development;
tooth traumas mostly associated with resorption
are intrusive luxation, lateral luxation, and avulsion
followed by replantation [2, 10, 26].

Finucane and Kinirons [10] affirmed that
root resorption following extrusive luxation is
rare: the prevalence of inflammatory resorption is
approximately 5%, particularly when the tooth is
repositioned within 90 minutes after the avulsion.
In teeth replanted after avulsion, however, root
resorption is common, with prevalence of 50-80%.

The maintenance of avulsed teeth in proper
storage media is primordial for periodontal
ligament repair and root resorption prevention
after replantation. Milk is the storage media mostly
indicated when immediate replantation is not
possible, making viable periodontal ligament’s cells
for up to 6 hours. Studies have been performed to
find a storage media which increases the chances
of periodontal repair and inhibits the occurrence
of root resorption [21, 23, 27].

Pissiotis et al. [25] affirmed that multiple dental
traumatic episodes (MDTE) in permanent dentition
increase the risk of certain complications, such as
replacement and inflammatory resorption.

The trauma recurrence on the same tooth is a
factor associated with pathological root resorption
development. The identification of two (age above
18 months and complicated trauma or age above
18 months and recurrent trauma) or three factors
(age above 18 months, complicated trauma, and
recurrent trauma) at the same tooth increases
the chance of pathological resorption in primary
dentition [6].

Finally, as far as primary dentition is concerned,
differential diagnosis between physiologic (or
rizolysis) and pathological resorption is important.
Among permanent tooth components, tooth bud and
stellate reticulum plays an important role in primary
tooth’s root resorption. The pressure of permanent
tooth eruption plays a contributory role in rizolysis,
but the presence of the permanent successor tooth
is not a pre-requisite for the process occurrence
[8]. Therefore, the radiographic difference between

physiologic and pathologic resorptions is that in the
first, it is normally observed a continuity between
primary and permanent tooth while in the second
there is no indicative of permanent tooth causing
resorption in primary tooth’s root. Additionally,
rizolysis progression is symmetrical and uniform
while pathological resorption exhibits an irregular
aspect.

The cells responsible for rizolysis are
multinucleated giant cells with characteristics
similar to osteoclasts, so-called odontoclasts.
Odontoclasts are aided by mononuclear phagocytic
cells, such as fibroblasts, cementoclasts, and
macrophages. These cells are actively involved
in the removal of tooth’s hard and soft tissues
during primary tooth exfoliation. Cementoblasts,
not odontoclasts, account for the phagocytosis of
tooth surface’s collagen fibrils; odontoclasts would
be responsible for dentinal demineralization and
degradation of the non-collagen matrix [8, 9].

Conclusion

External root resorptions are very prevalent
sequelae after tooth traumas. The knowledge of the
resorptions’ classification, clinical, radiographic,
and histologic aspects is important for the early
diagnosis, treatment planning elaboration and
prognosis.
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