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Abstract

External apical root resorption (EARR) is a known, undesirable effect associated with orthodontic tooth movement.
Many factors have been investigated to explain differences seen among individuals in their susceptibility to EARR.
However, orthodontists are unaware of the exact cause of resorption and measures to prevent its occurrence during
treatment have yet to be elucidated. Based on orthodontic practice and experimental tooth movement studies using
continuous force, it has been reported that root resorption is related to age, gender, nutrition, genetics, extraction or non-
extraction, force magnitude, duration of treatment, direction of tooth movement and treatment techniques such as Begg,
while no significant association was found between duration of treatment and degree or amount of root resorption.
Generally, the causes and mechanism of resorption are still unclear. The purpose of this article was to review factors
related to root resorption and its prevention during orthodontic treatment.
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Introduction
Orthodontics tooth movement is the most common cause e P re.:ssgre from tumors / cysts .
of EARR (External apical root resorption) that results in e Imitation from chemicals (eg. H,O, during

root apex of tooth completely deficited. It is seen on bleaching)

routine dental radiographs as permanent shortening of
end of the tooth root. A number of treatment related
factors have been implemented in the pathogenesis of
root resorption. One factor that causes external root
resorption is orthodontic load during tooth movement'. It
may be present in any tooth but most commonly seen in

Pulpal infection root resorption

The most common stimulation factor for root resorption
is pulpal infection.

Following injury to the precementum or predentin,
infected dentinal tubules may stimulate the inflammatory

maxillary incisors,

Factors other than orthodontic treatment can also lead to
EARR. 1-3 mm external apical root resorption seen in
7% to 13% of individuals who have not had orthodontic
treatment

Diagnosis
1. Conventional radiographs:
periapical views
2. 3-D Cone Beam Computed Tomography

panoramic  and

Classification

Root Resorption

1. Physiologic

2. Pathologic

Internal

External - Orthodontic tooth movement
Trauma Induced

Pressure from adjacent unerupted teeth
Inflammatory Root resorption

Etiological Factors

Root resorption may occur as a result of
e  Dental trauma / surgical procedures / Infections
e  Orthodontic treatment

process with osteoclastic activity in the periradicular
tissues or in pulpal tissues, consequently initiating
external or internal root resorption.

Periodontal infection and root resorption

Infrequently, external root resorption may occur after
injury to the pre-cementum, apical to the epithelial
attachment, followed by bacterial stimulation originating
from the periodontal sulcus.

Injury may be caused by dental trauma, and chemical
irritation may be caused by bleaching agents, eg
hydrogen peroxide 30 %, orthodontic or periondontal
procedures.

Bacteria from the periodontal sulcus may penetrate patent
dentinal tubules, coronal to the epithelial attachment, and
exit apical to the epithelial attachment without
penetrating the pulpal space. Consequently, the damaged
area of the root surface is colonized by hard tissue
resorbing cells, which penetrate into dentin through a
small denuded area causing the resorption inside the root
to spread.

At first stage, the resorptive process does not penetrate
the pulp space because of the protective layer of
predentin, but rather spreads around the root in an
irregular fashion. With time, the process may penetrate
into the roo t canal. Additionally, periodontal infection

TMU J Dent. Vol. 5; Issue 1. Jan - Mar 2018 |



resorption will include the alveolar bone adjacent to the
resorption lacuana in the tooth. If the resorptive process
reaches a supragingival area of the crown, the
vascularized granulation tissue of the resorption lacuna
may be visible through the enamel showing a pink
discoloration at the crown.

Radiographically, periodontal infection resorption can be
seen as a single resorption lacuna in the dentin usually at
the crestal bone level, expanding to the coronal and
apical direction. With progression of the process,
radiolucency may be observed at the alveolar bone
adjacent to the resorption lacuna of the dentin.

Orthodontic pressure and root resorption

The injury originating in the orthodontic root resorption
is from the pressure applied to the roots during tooth
movement. Continuous pressure stimulates the resorbing
cells in the apical third of the roots, a possibility of
significant shortening of the root.

Teeth are asymptomatic and the pulp is usually vital
unless the pressure of the operative procedure is high,
which disturbs the apical blood supply. Radiographically,
orthodontic pressure resorption is located in the apical
third of the root and no signs of radiolucency can be
observed in the bone of the root.

Impacted tooth / tumor pressure and root resorption
Pressure root resorption can be observed during the
eruption of the permanent dentition, especially of
maxillary canines (affecting lateral incisors) and
mandibular third molars ( affecting mandibular second
molars). Tumors and osteosclerosis impingning on the
root of the tooth could also be an etiological factor for
pressure resorption, which includes both the injury and
the stimulation phases. Stimulation is related to the
pathological process that activates the resorptive cells,
tumors that produce root resorption are most frequently
those in which growth and expansion are not rapid such
as cysts, ameloblastomas, giant cell tumors, and fiber-
osseoseous lesions.

This type of root resorption is asymptomatic with vital
pulp through —out the process unless the impacted tooth
or tumor is located near the apical foramen, disturbing
the blood supply to the pulp. Radiographically, the
resorption area is located adjacent to the stimulation
factor, the impacted tooth or the tumor. There are no
radiolucent areas as no infection is involved in the
process.

AnKkylotic root resorption

In severe traumatic injuries (intrusive luxation or
avulsion with extended dry time), injury to the root
surface may be so large that the healing with cementum
is not possible, and the one may come into contact with
the root surface without an intermediate attachment
apparatus. This phenomena is termed dentoalveolar
ankylosis.

The process may be reversed if less than 20% of the root
surface is involved. Because there is no stimulation factor

and the process proceeds as a result of the direct bone
attachment to dentin, the term ‘ankylotic resorption’ is
adequate.

Brezniak and Wasserstein>*, discussed extensive review
of root resorption following orthodontic treatment.

A number of factors that increased levels of EARR for
example, Biological, Mechanical or combined factors.
EARR also occur from risk factor, it may occur from
patient-related and treatment-related problems. **

Patient-related
¢  Genetics
e Systemic and allergies diseases
e Extent of malocclusion
e  Tooth-root morphology
e  Alveolar bone density
e  Age and sex.

Orthodontic treatment
e  Duration of treatment
e  Direction or duration of tooth movement
e  Apical displacement
e  Method or magnitude of force application.

Owman - Moll & Kurol® discussed some local and
systemic factors which might be associated with the risk
of root resorption during orthodontic treatment: Root
morphology, Endodontically treated teeth, Gingivitis,
periodontal disease, Medical compromised patient
(Allergies, asthma, arthritis, hypothyroidism and
diabetes, Phosphorous, calcium metabolic alteration) Nail
and lip biting ,tongue posture.

Biomechanical Aspect of EARR

Tooth movement is occurring by orthodontics force-
induced initially in  periodontal ligament and alveolar
bone. bone resorption occur by osteoclast activity on
pressure side that cause periodontal ligament necrosed
(cell-free hyaline zone) and bone apposition by
osteoblasts on the tension side. Which is clearly seen
histologicaly The Activity of cytokines also affect
resorption process of dental hard tissues .’

Rygh and co-workers have shown that cementum
adjacent to hyalinized (necrotic) areas of the PDL is
"marked" by this contact and that clast cells attack this
marked cementum when the PDL area is repaired. This
observation helps explain why heavy continuous
orthodontic force can lead to severe root resorption. Even
with the most careful control of orthodontic force,
however, it is difficult to avoid creating some hyalinized
areas in the PDL. It is not surprising; therefore, that
careful examination of the root surfaces of teeth that have
been moved reveals repaired areas of resorption of both
cementum and dentin of the root. It appears that
cementum (and dentin, if resorption penetrates through
the cementum) is removed from the root surface;
cementum is restored in the same way that alveolar bone
is removed and then replaced.
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Severity of EARR

Depend on surface

1. In Cemental- In this process, only the outer cemental
layers are resorbed, and they are later fully
regenerated or remodeled. This process resembles
trabecular bone remodelling

2. In Dentinal resorption - In this process, the
cementum and the outer layers of the dentin are
resorbed and wusually repaired with cementum
material. The final shape of the root after this
resorption and formation process may or may not be
identical to the original form.

3. In Circumferential apical root resorption.- In this
process, full resorption of the hard tissue
components of the root apex occurs, and root
shortening is evident. Different degrees of apical
root shortening are, of course, possible.

When the root loses apical material beneath the

cementum, no regeneration is possible.

External surface repair usually occurs in the cemental

layer. Over time, sharp edges may be gradually leveled.

Ankylosis is not a common sequel of orthodontically

induced root resorption.®

Extent of Root Resorption on Radiographs
According to Sharpe et al ’ it divied in to four categories:
0= no apical root resorption
1= mild blunting of root apex resorption
2= 1/4 root length resorption occur
3=Dbeyond 1/4 of root resorption occur of it total length
of root.

Influence of Orthodontic Force on Root Resorption
Jarabak and Fizzell analyzed effect of the force system
applied during mechanotherapy who concluded that the
magnitude of force, as well as rigid fixation of the arch-wire
with brackets or the use of full-size rectangular wires in
bracket slots, could be the most important factors predispos-
ing a tooth to the resorptive process.!*!

Regarding root resorption among different malocclusions
based on Angle's classification, two studies'*'
reported no significant difference. But Taner et al "
observed a statistically significant difference between
Class I and Class II Division 1 malocclusions, with the
latter exhibiting more resorption.

Jan-son et al'® reported a higher resorption potential for
Class II Division 2 cases in comparison with Class I, Class II
Division 1, and Class III patients. The rationale was that
the intrusion mechanics necessary to correct deep overbite
in these cases, as well as the excessive labial torque
needed to correct the palatal inclination of the incisors, were
the cause. It can be inferred from the published literature
that all types of malocclusion are prone to root resorption
when exposed to orthodontic treatment.!”-2° (Table 1)

Long- term outcomes of EARR
More resorption was seen in maxillary incisors than rest
of dentition”' In a recent study Johnson observed

Factor Author RREY
Discontinuous Acar et al Significantly more RR was
Vs continuous (1999) seen in teeth experiencing

force orthodontic tooth
movement than control
group.
Removable Barbagallo et | significantly more RR was
thermoplastic al (2008) seen in teeth experiencing
appliance vs orthodontic tooth
fixed light movement than control
and heavy force group.
Light vs heavy Han et al When extrusive force was
continuous (2005) applied no significantly
forces difference in resorption
was seen whereas 4 fold
increase in root resorption
with intrusive force.
Straight wire vs | Reukers et al The amount of tooth root
standard (1998) loss or prevalence of RR
edgewise between the groups was not
statistically significant.
Archwire Mandall et al Difference between the
sequence (2006) proportion of patients with
and without RR between
archwire sequence groups
was not statistically
significant.
Trauma vs no Mandall et al No evidence of incisor
trauma (2006) trauma and RR.
Two-phase vs Brin et al The difference was not
one-phase (2003) statistically significant. As
Class 11 treatment time increased,
treatment the odds of OIIRR also
increased.
Self-ligating vs Scott et al ‘When mandibular root
conventional (2008) resorption evaluated there
orthodontic was not significant
bracket different between systems.
Systems
Different Harris et al Significantly more root
orthodontic (20006); resorption with heavy
forces Barbagallo et forces.
al (2008)

Tablel: Influence of orthodontic force on root resorption as
given by different authors

moderate, severe and severe root resorption. 5 tolSyears
follow up was done following orthodontic treatment for
quantitative assessment of tooth mobility. The results
shown that there was increased mobility with respect to
teeth with extremely resorbed roots (Root length <
Imm). With longer root length mobility was minimal and
insignificant. Results suggest that resorption process does
not progress following termination of the treatment.*

Prevention and Management Strategies

1. Collecting good medical history focusing on allergic
predisposition

2. Family history of root resorption should be evaluated

3. Genetic susceptibility should be checked
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4. Application of light forces

5. Routine periapical radiographs to assess early
development of root resorption

6. Fixed appliances for retention should be carefully
designed

7. Proper oral hygiene instruction should be given to
prevent periodontitis

8. In case of extreme resorption endodontic treatment
may be considered.

Conclusion

EARR is one of the most undesirable complications
found in patients after orthodontic treatment. It results in
permanent loss of tooth structure from root apex.
However, it can be avoided with more accurate
diagnosis, treatment planning and proper management of
orthodontic patients.
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