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ABSTRACT

The benefits of orthodontic treatment are numerous and in most cases, the benefits outweigh the
possible disadvantages. Orthodontic treatment can play an important role in enhancing esthetics,
function, and self-esteem in patients. However, it carries with it the risks of enamel demineralization,
tissue damage, root resorption, open gingival embrasures in the form of triangular spaces, allergic
reactions to nickel, and treatment failure in the form of relapse. These potential complications are
easily avoidable by undertaking certain precautions and timely interventions by both the orthodontist
and the patient. The orthodontist must ensure that the patient is aware of the associated risks and
stress the importance of the patient’s role in preventing these untoward outcomes. The decision
whether to proceed with the orthodontic treatment is essentially a risk-benefit analysis, where the
perceived benefits of commencing treatment outweigh the potential risks. This article provides an
overview of the iatrogenic possibilities of orthodontic treatment and the role of the patient as well
as the orthodontist in preventing the associated risks.
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INTRODUCTION

Dental aesthetics are a key factor in overall physical
attractiveness, which also contributes to self-esteem.'2 This
is one of the main reasons for patients to consider or undergo
orthodontic treatment. Although orthodontic treatment has
many recognized benefits, including improvement in dental
health, function, appearance, and self-esteem, nevertheless
orthodontic appliances can cause unwanted complications if
adequate care is not taken during the treatment. It is important
that the patients are aware of these potential risks, so that they
can know their responsibilities and the expectations placed on
them during the treatment. This ensures in achieving successful
results without any adverse effects after the completion of
orthodontic treatment. In the following some of these risks are
briefly discussed.

Decalcification

Shannon® recognized orthodontic patients to be at a higher
risk of decalcification or caries. An orthodontic appliance could
not, within itself, be a cause of caries. However, oral hygiene
problems do occur when fixed appliances are worn. Meticulous
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attention to oral hygiene is mandatory during the entire
treatment period to avoid the risk of enamel decalcification.
Banded or bonded teeth, exhibited significantly more white spot
lesions compared to the controls without braces.* Ogaard®
noticed that even 5 years after completing the treatment,
orthodontic patients had a significantly higher incidence of
enamel opacities than untreated controls.

Patients undergoing orthodontic treatment have significant
changes in the oral environment, including an increase in
Streptococcus mutans counts, low salivary pH, and increased
retention of food particles on the appliance as well as teeth. This
may lead to post-orthodontic treatment decalcification in certain
patients in the absence of adequate oral hygiene. Fluoride is an
anticariogenic agent and various studies!®”! showed fluoride to
be highly effective in remineralization of incipient lesions and
preventing white spot lesions. Fluoride controls plaque activity
by blocking bacterial enzyme systems.®! Daily administration of
topical fluoride and the use of fluoridated toothpaste and mouth
rinses is an effective protection against white spot formation.
Mouth rinses containing 0.05% sodium fluoride and stannous
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fluoride can be used as a daily regimen during the treatment
period. Fluoride varnishes and fluoride gels are also highly
effective in preventing enamel demineralization.’®1%

Given the poor compliance with patient applied measures,
attempts have been made to use materials that release fluoride
over a period of time. Fluoride-containing adhesives have not
been found to be effective at reducing demineralization,!''2
but both compomers!'® and glass-ionomer cements!'49
are highly efficient in preventing it. However, glass-ionomer
cements are weaker than composite resin and consequently
there are a higher number of bracket failures when used for
orthodontic bonding.l"® The fluoride-releasing elastomeric
ligatures may reduce the prevalence of demineralization!'”
although the addition of fluoride to elastics may affect their
physical properties making them deteriorate faster in the
mouth.['®'® Various slow- release intraoral fluoride release
devices®?® (IFRD) including copolymer membrane device, glass
device containing fluoride, Hydroxyapatite- Eudragit RS 100
Diffusion controlled fluoride system and slow release tablets
for intra-buccal use have been developed recently, which are
capable of releasing small amounts of fluoride over a sustained
period of time, possibly up to 6 months, before having to be
replaced.021

Xylitol, a natural carbohydrate sweetener, is a caries preventive
agent. Xylitol is not fermented by most dental plaque bacteria
and interferes with the in-vitro growth of Streptococcus
mutans.? Sengun found that Xylitol lozenges can significantly
reduce the acidity of dental plaque in fixed appliance patients.?
The Xylitol lozenges helped in neutralizing the acidity of dental
plaque after the administration of sucrose in orthodontic
patients with fixed appliances.

Argon laser irradiation of enamel has been found to reduce the
amount of demineralization by 30-50%. Fox? reported that, in
addition to decreasing enamel demineralization, laser treatment
reduced the threshold pH at which dissolution occurred. Laser
irradiation altered the surface morphology while maintaining an
intact enamel surface. Several mechanisms for the enhanced
caries resistance of enamel after laser irradiation have been
proposed, but the exact mechanism is not known. The most
likely mechanism for caries resistance is through the creation of
micro-spaces within the enamel after being subjected to laser
treatment. The micro-spaces created act to trap the released
ions and act as sites for mineral reprecipitation within the
enamel surface. The use of argon lasers (488 nm) resulted in
a significantly lower mean lesion depth when compared with
visible light control,?* augmenting the fact that argon laser
irradiation might prevent white spot lesions during treatment.

ENAMEL FRACTURES DURING DEBONDING
Debonding metal brackets is a relatively simple procedure,

where the forces are applied to peel the bracket base away
from the enamel surface, leading to bond failure at the
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bracket-adhesive interface in most of the patients. The ideal
method for debonding metal brackets is to apply a force
that peels the bracket base from the enamel surface without
damaging the enamel.”® A good debonding technique is to
squeeze the bracket at the base so that the bracket comes
off leaving some residual composite at the enamel surface,
which can be cleaned up later with a carbide bur.?® The
cleanup procedure may be time consuming, but it is better than
encountering the risk of enamel cracks and fractures.

Debonding ceramic brackets is comparatively more problematic,
due to the higher bond strength as a result of both mechanical
and chemical retention of the bracket base to the tooth.?
Moreover, shearing forces used for debonding ceramic brackets
is likely to cause enamel fractures.?”’ Hence, 4 debonding
techniques including mechanical debonding, electrothermal
debonding, laser debonding and ultrasonic debonding have
been developed specifically for ceramic brackets.?627]

Mechanical debonding involves gripping the enamel —adhesive
interface with sharp edged plier blades and applying a
controlled slow force until the bracket is removed. This method
depends on either the deformation of the bracket or stressing
the adhesive to cause adhesive failure. Electro- thermal
and laser debonding attempt to achieve bracket debonding
by dissolving the bonding cement through heat generation
and thus facilitating easy bracket removal.?® However,
electro-thermal debonding has the risk of mucosal burns and
pulpal damage due to the high heat. The main drawback of laser
debonding is the cost factor involved. Ultrasonic debonding
aims to facilitate debonding using ultrasonic vibrations to break
the adhesive interlocking.l?®! Water spray is required during
ultrasonic debonding to prevent heat buildup and to avoid
pulpal damage. However, the debonding time is prolonged,
ranging between 30 to 60 seconds per bracket, making the
procedure highly time consuming. Safe debonding technique
tries to break the bond at the bracket adhesive interface rather
than the enamel-adhesive interface.?”

Improper debonding of orthodontic brackets, particularly
ceramic brackets, can result in enamel surface cracks.?3!
They can provide stagnation areas for the development of
caries, cause partial tooth fracture, or may cause unaesthetic
discoloration. Zachrisson®® found higher prevalence of cracks
in debonded teeth compared to untreated teeth. There were
appreciably more cracks with chemically bonded ceramic
brackets.? This can be avoided to a large extent by adhering to
a proper debonding technique. Identification of enamel cracks
and heavily restored dentition may prompt the orthodontist to
avoid using ceramic brackets in certain patients.[?8!

Restorative procedures can be carried out to manage the
tooth fracture. Enamel fracture on debonding is distressing
to both the patient and the orthodontist and is best prevented
by taking adequate care during debonding. Applying
debonding forces lower than 13 MPa and adhering to
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proper debonding techniques can help avoid the incidence of
accidental tooth fracture.?®2% Diamond burs are not advisable
for cleanup because they usually leave a rough surface, which
is not easily removed by polishing, resulting in increased plaque
retention. 28!

POTENTIAL ADVERSE EFFECTS TO THE
PERIODONTAL TISSUES

Gingival Inflammation

Plaque is the major etiologic factor in the development of
gingivitis.®% Experimental animal studies have shown that in the
absence of plaque, orthodontic forces and tooth movements do
not induce gingivitis.?®%" In the presence of plaque, however,
similar forces are capable of inducing angular bone defects
and with tipping and intruding orthodontic tooth movements,
attachment loss can occur.B" In healthy, reduced periodontal
tissue support regions, orthodontic forces kept within the
biological limits do not cause gingival inflammation.®? The most
important factor in the initiation, progression and recurrence of
periodontal disease in reduced periodontium is the presence
of microbial plaque.(%-34

Following placement of a fixed appliance, some amount
of gingival inflammation is noticeable in most patients®®
that is usually transient and does not lead to attachment
loss.®® Gingival hyperplasia can be a potential problem around
orthodontic bands, leading to pseudo-pocketing. However, this
usually resolves within weeks of debanding. The importance
of plaque control and good oral hygiene must be stressed to
the patient before starting the fixed appliance treatment and
adequate patient compliance must be ensured throughout
treatment to prevent gingival inflammation.

Attachment Loss

In many orthodontic patients, the principal reason for the
associated gingival and periodontal inflammation involves
mechanical irritation caused by the band or cement, in addition
to trapped plaque.®% The risk of attachment loss can be
anticipated when such iatrogenic irritations are present.l*
Results of a histological study on human periodontal tissues
confirm that the orthodontic banding have to be performed with
great care along with excellent oral hygiene inorder to avoid
permanent periodontal destruction.8!

Sanders® performed an extensive a review of the
evidence-based literature in the fields of periodontics and
orthodontics to clarify the relationship between orthodontic tooth
movement and various types of common periodontal disorders.
It was found that orthodontic treatment using optimum forces,
in patients with excellent oral hygiene and in the absence of
pre-existing periodontal disorders, does not pose any significant
periodontal risk to the patient.*® However, in the presence
of poor oral hygiene and preexisting untreated periodontal
disorders, fixed orthodontic appliances and tooth movement can
contribute to significant and permanent periodontal damage.*"

Adult patients may be at a higher risk of periodontal problems,
particularly patients having some pre-existing periodontal
disease.%41 Orthodontic treatment is not contraindicated in this
group, provided the disease is well-controlled and the patient is
motivated enough to maintain excellent oral hygiene throughout
the treatment duration.”'' The assessment of periodontal status
prior to fixed appliance treatment is of utmost importance and
any pre-existing problems must be treated before initiating
the treatment. Regular periodontal checks and routine scaling
and polishing are highly advisable to prevent the aggravation
of periodontal problems.?"42

Patients with pre existing periodontal problems and bone loss,
must be referred to and treated by the periodontist before
initiating the orthodontic treatment.®*3 Moreover, in such
patients, there is a slight modification in the biomechanics with
the application of minimal and optimum orthodontic forces,
bearing in mind the shortened root support.#-49

Gingival Recession

An adequate amount of attached gingiva is necessary
for healthy gingival tissue and to deliver orthodontic treatment
without adverse periodontal complications.*5471 The incisors
showed apical displacement of the gingival margin with labial
bodily movement.“¥ Loss of connective tissue occurred in the
presence of preexisting untreated gingival inflammation was
present.*) Therefore, if the tooth movement is expected to
result in a reduction of soft tissue thickness and an alveolar
bone dehiscence may have occurred in the presence of
inflammation, gingival recession is a risk.%

Experimental studies!®®-%? indicate that as long as the tooth is
moved within the envelope of the alveolar process, the risk of
harmful side-effects on the marginal soft tissue is minimal. It has
been found that thin, delicate tissues are more prone to exhibit
recession during orthodontic treatment than in normal or thick
tissue.5%2 |f the patient exhibits a minimal zone of attached
gingiva or thin tissue, a free gingival graft can be performed
to enhance the type of tissue around the tooth. This helps in
controlling the inflammation and should be done before initiating
any orthodontic movement.*?

Tooth extraction is usually indicated in patients with tooth
size-arch length discrepancy.®¥ Gingival invaginations present
as superficial changes in the shape of gingiva, which can
occur sometimes in the extraction sites after orthodontic space
closure.5 The gingival invaginations occurred in 35% of cases
after orthodontic space closure procedures. They vary from
mild fissures located in the keratinized gingiva to deep clefts
crossing the interdental papilla buccally or lingually through the
alveolar bone deeply.[5657]

Histological and histo-chemical specimens taken from sites of
gingival invagination demonstrated hypertrophy in the epithelial
as well as the connective tissues and occasionally, loss of
gingival collagen.® The reason for the occurrence of gingival
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invaginations is still unknown and requires further investigation. It
could be due to the break-up of the continuity of the fiber models
within the gingiva, and also the movement of the root.® It has
also been proposed that gingival peeling could be the reason
for such changes.® Since gingival invaginations could serve
as sites for dental plaque accumulation, it has been considered
as a potential risk factor for the initiation of periodontal tissue
disorders during the course of orthodontic treatment.!

Gingival recession has been known to occur as an adverse
effect during the orthodontic treatment or after treatment
completion and has been noted more frequently during buccal
orthodontic tooth movements.®? If teeth having thin tissue are
going to be moved lingually, there is a potential for the tissue to
move coronally and become thicker.® It is generally advisable
to monitor areas of thin gingival tissues periodically as the width
of the attached gingiva generally increases with normal growth
from the mixed to the permanent dentition.®

It has been found that most cases of gingival recession which
occur during an orthodontic treatment occurred in the regions
of the upper and lower anterior teeth.5¢1 The relationship
between orthodontic movements and gingival recession has
been controversial in relation to tipping movements. Batenhorst
et al.®® found an association between gingival recessions and
orthodontic tipping tooth movements of the lower incisors in
monkeys. However, other studies revealed no association
between gingival recession or mucogingival defects after
orthodontic tipping of the incisors.16°7

During surgical decompensation in skeletal class Il patients,
the lower incisors are often deliberately proclined, which may
lead to gingival recession or even gingival clefts.["72 This
possibility must be addressed during treatment planning and
by undertaking sufficient care when executing the orthodontic
treatment.

Black Triangles

Gingival embrasures are defined as the embrasure existing
cervical to the interproximal contact.[”® Open gingival
embrasures exist when the embrasure space is not completely
filled by the gingival tissueand can contribute to retention of food
debris, thus adversely affect the health of the periodontium and
are more common in adult patients with bone loss.l"™

Black triangle or open gingival embrasure can occur as
potential complication in about than 1/3 of all adult orthodontic
patients and should be discussed with patients prior to initiating
orthodontic treatment.[*7% The key considerations in restorative
and orthodontic treatment involve preserving the interdental
papilla and avoiding black triangles in the gingival embrasures
of the esthetic zone as open gingival embrasures are visibly
unesthetic and adversely affect a person’s smile.

In a survey conducted by Kokich et al.,”8! orthodontists
perceived a 2 mm open gingival embrasure as noticeably less
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attractive when compared with a patient with an ideal smile and
normal gingival embrasure. Open gingival embrasures more
than 3 mm were considered less attractive by both general
dentists and the general population.

Orthodontic Correction of Open Gingival Embrasures
Root divergency of adjacent teeth is highly associated with open
gingival embrasures. This either occurs naturally or is caused by
improper bracket positioning during the orthodontic treatment.
Kurth et al.™® noticed that a mean root angulation of 3.65° in
normal gingival embrasures and an increase in root divergence
by 1° increased the probability of occurrence of an open
gingival embrasure from 14 to 21%. Bracket repositioning can
be performed to converge maxillary incisor roots to reduce or
eliminate the open gingival embrasures as paralleling divergent
roots decreases the severity of a black triangle.

Care must be taken to ensure that the bracket slots are
perpendicular to the long axis of the tooth and not parallel to
the incisal edges during bracket placement, especially in adults
with attrition of incisal edges. It is important to evaluate the
periapical radiograph prior to bracket placement, especially in
patients with attrition.”! If brackets placement is done based
on incisal edges, greater root divergence may cause an open
gingival embrasure, which is esthetically unappealing. Bonding
brackets with the slots perpendicular to the long axis of the teeth
will allow the adjacent roots to converge, and might require
the worn incisal edges to be restored or contoured during the
course of the treatment or at the end of treatment completion.
As roots become more parallel, the contact point lengthen and
move apically toward the papilla, thus reducing the incidence
of open gingival embrasures.”!

Patients with triangular crown morphology are more susceptible
to open gingival embrasures as the crowns of the central
incisors are much wider incisally than cervically, resulting
in a high contact point."”! Interproximal reduction (IPR) of
enamel between the triangular crowns will broaden the contact
area which will reduce open gingival embrasures. Typically,
0.5-0.75 mm of enamel is removed with IPR for correction of
black triangles.l"”!

After orthodontic treatment, the direction of tooth movement
and the labiolingual thickness of the supporting bone and
soft tissue determines whether gingival embrasures will be
present at the treatment completion stage."® Maxillary incisor
imbrication and rotation might have an association with open
gingival embrasure spaces and it would be wise to inform
patients with severely imbricated maxillary incisors that they
may be predisposed to an open gingival embrasure after the
orthodontic treatment.

Ko-Kimura et al.® reported that the severity of crowding
does not influence the occurance of open embrasures as
they were found to occur in a similar percentage between
patients with incisor crowding of less than 4 mm and those
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with 4-8 mm of incisor crowding. It was found that when
the crowding was more than 8 mm, the occurrence of black
triangles increased by 7%. However, these results were not
statistically significant. It was also found that the treatment
duration did not have any significant effect on occurrence of
open gingival embrasures.["

The height of the alveolar bone relative to the interproximal
contact is a significant factor in determining whether a papilla
will fill the gingival embrasure. In summary, the incidence
of black triangles can be reduced by careful pretreatment
evaluation, judgment and treatment planning. The contact
position can be changed by removing interproximal enamel,
esthetic restorations, or altering the root angulation, depending
on the situation.l”

ROOT RESORPTION

Root resorption is an unwanted side effect seen with certain
type of tooth movements, particularly intrusion. Fortunately, this
is usually minimal, affecting the apical 1-2 mm only.["®8% |t starts
initially as either surface resorption or transient inflammatory
resorption and if left unchecked, it further proceeds to
progressive inflammatory resorption. Such resorption should
not compromise the long-term health of the teeth.® More
severe resorption, where more than a quarter of the root length
is lost, is rare and occurs in only 3% of patients.®2

The root apex is affected more than cervical or middle thirds

of root because of the following reasons.®"

»  The applied forces are concentrated on apex, particularly
during intrusion.

. It is made of cellular cementum, which is less mineralized
and easily capable of being resorbed.

* It depends on patent vascularization and is easily injured
in faces of heavy forces with concomitant vascular stasis.

A genetic predisposition to root resorption has been
recognized recently.®¥ Decreased IL-1 production in the case
of IL-1B allele 1 may result in relatively less catabolic bone
modeling (resorption) at the cortical bone interface with the
PDL, which may result in prolonged stress concentrated in the
root of the tooth, triggering a cascade of fatigue-related events
subsequently leading to root resorption.®

Risk factors associated with an increased incidence and
severity of root resorption includes the pre-treatment root form
or length, previous dental trauma, and the type of mechanics
used.B+# Hyperthyroidism has also been proposed as a risk
factor for root resorption, but has to be conclusively proved by
systematic studies. Teeth with blunted, pipette-shaped, or
short roots are at increased risk of resorption.® Endodontically
treated teeth can be safely moved, if the teeth are clinically
symptomless and radiographically satisfactory. It is advisable
to undertake the orthodontic procedure 6 months after the
completion of the root canal treatment.78!

It is also highly advisable to take progress radiographs
during treatment. The orthodontist should employ adequate
measures to minimize the risk of severe root resorption by
good pretreatment assessment of root shape and length.
Cone-beam computed tomography is considered as a better
imaging modality for early detection of root resorption.

If any root resorption is found, an inactive phase of 4 to 6 months
before the resumption of orthodontic treatment is currently
advocated.®™ In extreme cases, treatment must be halted;
appliances removed, and a surgical or prosthetic treatment plan
must be adopted. If root resorption continues after appliance
removal or during retention, sequential root canal therapy
with calcium hydroxide is advisable. The gutta-percha filling
is the definitive therapy only after root resorption ceases.!®*!l
Appropriate counseling and follow-up are necessary should
severe resorption be encountered. Fortunately, root resorption
rarely results in significant morbidity after orthodontic therapy
and the resorptive process usually ceases with the cessation
of active forces.[®?

PULP DAMAGE AND LOSS OF TOOTH
VITALITY

Various studies of changes in pulp tissue vascularity during
orthodontic treatment, suggest that blood flow to the dental
pulp decreases initially after orthodontic force application.
However, it increases thereafter until it reaches a peak 7 days
after the application of orthodontic force.®**¢ These processes,
depending on the degree of their disturbances, may cause
changes in the metabolic cell activity, cell damage, or defense
reactions. Orthodontic forces affect the dental pulp inducing
vascular changes that are inflammatory in nature.l’”:%1 As
demonstrated in the rat model, the inflammatory vascular
reactions subside within 3 weeks in all tissues.®3%!

Orthodontic patients may suffer from transient pulp ischemia,
causing pain, and discomfort in the first few days after activation
of an appliance. This usually settles within a week although
pulp death following orthodontic treatment is occasionally
reported.

This can be minimized by using a smaller sized archwire,
preferably round copper Niti, during the initial stages of
treatment.l'°0191 The forces used during the alignment phase
must be kept as minimal as possible. Higher forces using
rectangular copper Niti, does not necessarily mean faster
alignment or reduction in the treatment duration. Instead, it just
adds to the patient discomfort due to the pain arising from pulpal
ischemia, which if continued for a longer duration, may result in
permanent pulpal damage.!"°21%! |f appropriate biomechanics
and forces are used, pulp damage is unlikely to be a significant
problem during the treatment.

With the currently available literature,!'%"-"] the following
recommendations can be summarized for orthodontic patients:
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1. Acomplete and detailed history of the dentition should be
taken, with specific attention to history of dental trauma.

2. Radiographic examination of the teeth for evidence of
pulpal obliteration is highly important, as these teeth
are at a higher risk of irreversible pulpal changes during
orthodontic treatment.

3. Patients who have risk factors for pulpal necrosis with
orthodontic treatment (impacted teeth, teeth with a history
of trauma, caries or restorations, teeth with evidence of
pulpal obliteration) should be informed about the risk of
pulpal damage during treatment and informed consent
taken before the treatment.

4. Light continuous orthodontic forces must be applied to
move teeth, respecting physiologic boundaries.

5. Extreme care should be taken to ensure that the intended
orthodontic tooth movement does not challenge the apical
blood supply (e.g., compressing the root apex against the
cortical plate).

6. Pulpal symptoms that arise during orthodontic treatment
should be recognized early and treated appropriately
without delay.!"%!

DENTIN HYPERSENSITIVITY AFTER
INTERPROXIMAL ENAMEL REDUCTION

Interproximal tooth stripping is an alternative to tooth
extraction or expansion of alveolar arches and might
be necessary in some situations during orthodontic
treatment.l'%8"1% Interproximal enamel reduction (IER) is used
to adjust disproportioned tooth widths and for the correction
of mild to moderate crowding. Enamel reduction may lead
to complications such as hypersensitivity of interproximal
surfaces of stripped teeth. The sensitivity is usually not severe
and mostly transient and the symptoms are known to subside
over time.["112]

Adequate polishing of the treated enamel surfaces is essential
for ensuring good long-term prognosis of the stripped teeth
because the surface roughness facilitates plaque accumulation
and thereby promoting demineralization or the development of
carious lesions.['13113]

According to a study done by Danesh et al.,["'% oss of enamel,
as measured by subtraction radiography, was significantly
lower for the group where the enamel stripping was done
with Ortho-Strips compared to those done with diamond burs.
Profilometric analysis of enamel roughness showed that the
use of Ortho-Strips, O-Drive D30, and New Metal Strips in
the grinding mode produced equally rough surfaces. The
Air Rotor in the grinding mode produced the significantly
roughest surfaces and the authors recommend avoiding
them as much as possible. However, there was a significant
reduction of the mean roughness values in all groups when
the enamel stripping was followed by polishing. It is prudent
to ensure good polishing of the stripped surfaces to prevent
future problems.
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Tooth hypersensitivity could be one of the adverse effects of
excessive proximal stripping. Professional interventions for
dentinal hypersensitivity include application of fluoride varnish to
promote remineralization.!'""""'® Desensitizing tooth pastes are
also effective in a majority of patients.['""® Careful interproximal
reduction of enamel within recognized limits, respecting the
available enamel thickness using flexible diamond strips or
extra fine diamond disks with adequate cooling followed by
polishing is recommended to prevent undesirable effects of
proximal stripping.

DAMAGE TO THE INTRA-ORAL TISSUES

Mucosal trauma is fairly common during the orthodontic
treatment and can be caused by many factors including
ulceration by the brackets and the protruding archwires near
the molar region, chemical burns from the acid-etchant and
clumsy instrumentation.['2%

Prevention techniques include:

»  Careful instrumentation.

*  Cutting distal ends short.

*  Using bumper sleeve on long spans of wire.

*  Providing patients with wax to avoid mucosal irritation from
the brackets.

*  Using high volume suction and flushing with copious water
after the acid etching procedure.

Direct Damage by Removable or Fixed Components
Removable appliances

Removable appliances may be used as active appliances
during the treatment for the management of minor orthodontic
problems which require a simple tipping or in the form of
retainers at the end of fixed orthodontic treatment.['201211 They
carry with them the risk of tissue impingement by the wire
components (retentive clasps, springs, canine retractors etc.).
Undercuts should be carefully evaluated in the plaster model
and blocked out prior to acrylisation and care taken to avoid
any sharp edges in the appliance to avoid trauma during the
insertion and removal of the appliance. Patients should be
recalled a few days after appliance delivery to check for any
tissue impingement or trauma.['?"!

Fixed appliance and its components parts

Lacerations and trauma to the gingiva and oral mucosa may
often occur during the course of orthodontic treatment due to
rubbing of the lips and cheeks on the archwire, brackets, bands
and hooks, especially where long unsupported stretches of wire
rest against the lips.l'?® The oral mucosa quickly keratinize and
get accustomed to the new appliance relatively fast and the
use of dental wax over the bracket and rubber tubing on the
unsupported archwire may serve to reduce the initial trauma
and discomfort.!'2"

Biomechanics involving arch wire loops and utility arches
are often required during orthodontic treatment for space
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closure, space maintenance or intrusion. Utmost care must
be taken during their fabrication to avoid their extension into
the vestibular area, which may cause tissue impingement,
ulcerations and other types of tissue damage.['?! Even minor
amounts of continuous tissue impingement, if disregarded,
may lead to more serious problems like ulceration or tissue
hyperplasia around the loop. In extreme situations, the loop
may become completely embedded in the hyperplastic tissue
requiring surgical excision for removal of the hyperplastic
tissue. Thus, careful fabrication and monitoring of such wire
components are essential to avoid such problems.[120:121]

Occasionally, palatal or lingual arches may cause trauma to
the palate or tongue. This can be avoided by taking proper
care during their fabrication, ensuring that there are no sharp
margins in the fabricated appliance. Care must be taken to
ensure that the distal ends of the archwire are cut off flush with
the molar tube or cinched toward the tooth to avoid mucosal
trauma.[120,121]

Soft Tissue Complications Related to Micro Implants
Micro-implants are highly useful in orthodontics for skeletal
anchorage in critical anchorage situations.!'?? Their simple
design and ease in implantation and removal makes them a
good option for the some patients requiring skeletal anchorage.
However, potential problems and soft tissue complications
are common with their use. Impingements and trauma to soft
tissue overlying the implant is fairly common causing soft
tissue damage to the buccal mucosa and attached gingiva
related to the implant site. Peri-implantitis or inflammation of
the gingiva around the implant can occur as a result of improper
oral hygiene maintenance.!'?®! Adequate oral hygiene must be
ensured to prevent tissue inflammation around the implant site.

Screw fracture during the micro implant removal can occur
rarely in some patients when applying lateral forces during
implant removal.[' |t is better to avoid lateral forces on the
micro implants during their removal. If the micro-implants are
left in place for a very long time, this could also lead to fracture
on removal as a result of partial or full osseointegration.!'?®
It is preferable to remove the micro implants as soon as their
need is fulfilled rather than waiting for the completion of the
entire orthodontic treatment and their removal along with the
arch wires and brackets during debonding procedure. This
minimizes the risk of implant fracture during removal as a result
of partial or complete osseointegration of the micro implants to
the surrounding bone.[124125]

ENAMEL ABRASION

Stainless steel brackets tend to induce less enamel abrasion
than ceramic brackets.['?® |t was also noticed that single crystall
ceramic causes more enamel abrasion than polycrystalline
ones (needs a reference). Ideally, cross bites must be corrected
before placing ceramic brackets and ceramic brackets used
on mandibular teeth must be kept out of occlusion to prevent

enamel abrasion. In patients with deep bite, use of bite planes
is advocated to minimize interference and the subsequent risk
of enamel abrasion.['?"]

HEADGEAR INJURIES DUE TO CARELESS
HANDLING

Headgear can cause injury if it is displaced during sleep or
rough play. The headgear bow is not only sharp but also
covered in oral bacteria.['?® There is a potential risk of a bilateral
injury to the eyes because the inner arms of the face-bow are
of the same width as the eyes. A penetrating eye injury might
not cause immediate pain, but the oral bacteria multiply and
the eye can be lost due to overwhelming infection.!'? The face
bow can also get dislocated during sleep and cause injury to
the soft tissues. However, currently available headgear comes
with special safety features that stop it being accidentally
displaced or recoiling back into the face or eyes. Patients
must be instructed regarding the safe use of headgear and if
possible written instructions must be given to the parents after
fitting the headgear.['2.129

Ideally, it would be good if the parents are present to monitor
the patient when they wear and remove the headgear. The
patient should first remove the head strap before proceeding
to remove the face bow, as directly pulling the face bow
without loosening the head strap might result in eye injury
due to the recoil. Patients should be advised not to wear their
headgear while playing. Where a locking face-bow has been
fitted, patients should check to make sure it is seated correctly
and then confirm the “lock” by trying to pull it anteriorly. The
patient and parent should also be advised that in the event
of eye injury suspected to be caused by any part of the
orthodontic appliance, however minor, requires an immediate
ophthalmologic examination.['28129

ACCIDENTAL SWALLOWING OF APPLIANCE
COMPONENTS

The accidental swallowing of appliance components, though
very rare, is a potential hazard that cannot be taken lightly
and every possible effort must be taken in preventing such an
untoward incidence from happening. Accidental swallowing
of appliances and retainer wires has been documented in
the literature.!'®*'32 |t is not only the smaller components like
brackets, bands, and bonded buttons which are swallowed,
but even comparatively larger appliances like quad helix*2
and RME appliances!'®® have been swallowed accidentally.
The activation key of RME is one of the components which
can be easily ingested by accident. A dental floss can be
threaded to the key to minimize the risk. Keyes!'*¥ has devised
a keyless RME appliance which eliminates the risk of accidental
ingestion of the activation key. Sometimes the brackets might
get accidentally ingested while debonding the appliance. To
minimize the risk, some advocate the use of rubber dam for
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safer debonding.['* It is always safer to debond the brackets
with the archwires in the slot and as a unit to prevent loose
brackets from flying into the trachea or esophagus accidentally.

The most prevalent emergency diagnostic and management
method for lodged esophageal and tracheal objects is
endoscopy.[*® Forward viewing flexible pan endoscopy can
be performed under local anesthesia and is best suited for
intra-thoracic objects and is available in most tertiary medical
centers.['3¢]

Another established procedure that is relatively safe and more
cost effective is the use of Foley’s catheter. This involves
passing a balloon distal to the ingested object, usually
under fluoroscopic guidance, inflating the balloon, and then
withdrawing the catheter along with the object proximally.

Symptoms of trachea-bronchial obstruction such as dyspnea,
coughing, and choking indicate an emergency requiring
immediate removal of the appliance component; usually by
surgery.“”’m]

Antero-posterior and lateral radiographs will reveal whether
the object is lodged in the trachea or the esophagus. If the
appliance is in the gastrointestinal tract, the probability is better
than 90% that it will pass uneventfully in the stools. However,
impaction of large objects or those with sharp objects can lead
to ulcerations and perforations and therefore require immediate
surgical removal.l'38:139

Based on the currently available literature,['¥”-'41 the following

recommendations can be made to prevent and manage

the incidence of accidental swallowing of the appliance
components:

1. All orthodontic practices should take into account the
possibility of such an emergency in their standard
operating procedures and must be well prepared to handle
any contingencies. Staff must be trained to recognize
emergencies and individual responsibilities must be
delegated to offset any confusion in the event of such an
unforeseen emergency.

2. Every orthodontist must undergo a basic life support and
first-aid skills course. Updating and honing these skills
at least once every 2 years is recommended as cardio
pulmonary resuscitation (CPR) recommendations are
updated every 5 years.

3. Theuse of bondable tubes and attachments carries the risk
of these attachments being inhaled or swallowed if they are
dislodged and hence it is advisable to cinch the archwire
whenever possible.

4. Using a gauze pad as protection distal to the archwire or
appliance will prevent injury to the mucosa as well as trap
any stray wires that fail the “safety hold” of the pliers.

5. High-volume suction should be used while attempting
procedures such as banding and bonding of teeth to
minimize the risk of accidental swallowing.
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6. Cutting tips of instruments must be periodically checked
for any sign of wear and tear and the damaged tips or the
instruments must be replaced immediately.

7. Removable quadhelix appliance and transpalatal arches
must be tethered by a floss during appliance placement
and additionally reinforced at the point of attachment (in
palatal sheaths), using stainless steel ligatures.

8. During appliance debonding, it may be less risky if the
brackets removed are allowed to remain attached to the
base archwire so that they are removed as a complete
unit.

9. A visual check of the cutting ends of distal cutters for
trapped wires and wiping with sterile gauze is highly
recommended after cutting the arch wires.

Precautions with Removable Appliances

1. All metal retentive components should be visually
inspected at every appointment visit for any sign of fracture
due to repeated wear. Refabrication of the appliance is
indicated if this is observed.

2. The acrylic plate should be inspected for cracks due to
crazing or stress, especially on load-bearing surfaces to
preclude accidental damage and swallowing of the broken
appliance part during use.

3. It is currently recommended that the acrylic used to
fabricate the appliance be preferably radio-opaque as it
will facilitate easier localization in the event of accidental
ingestion.['42]

4. The use of textured latex gloves ensures better grip on the
instruments and orthodontic appliance during the treatment
procedure.[143144]

ALLERGIC REACTIONS FROM ORTHODONTIC
APPLIANCES

Orthodontic materials have the potential to induce allergic
reactions in some patients.[>146! Nickel present in orthodontic
appliances like brackets, bands, and archwires is responsible
for causing allergic reactions in some patients. Latex present
in gloves, elastics, and elastomeric ligatures may also cause
reactions in a few patients allergic to the protein antigen present
in rubber. Methyl methacrylate found in bonding agents and
composite is also responsible for allergic reactions in rarely. The
reactions might range from ulceration, erythematous lesions,
or even anaphylactic shock, depending on the patient.['45-148]

Nickel

The amount of Nickel in oral mucosa cells has been found
to be higher, compared to untreated individuals.['® Nickel
hypersensitivity affects three in ten of the general population,
but clinically noticeable adverse reactions are documented
less as the symptoms are very mild and unnoticed. However,
severe reactions in the form of eczema and urticaria may
sometimes occur in a few individuals.['*514¢! Nickel-induced
contact dermatitis is a Type IV delayed hypersensitivity
immune response, occurring 24 hours after exposure.!'47:148
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The diagnosis of nickel allergy is based on patient history,
clinical findings, and patch testing. Patients become nickel
sensitive due to previous contact with ornaments, glasses,
and watches!" and may develop dermatitis in response to
direct contact with headgear. It has been found that females
are the most susceptible to nickel allergy. Intra-oral signs and
symptoms of nickel hypersensitivity are rare because the
concentrations of nickel necessary to provoke a reaction in the
mouth are higher than those needed on the skin.['*"

Kim['®" found that titanium wires and brackets were the most
inert and can be used intra-orally in a corrosive environment. It
contains no nickel and is an excellent alternative for orthodontic
patients with nickel allergy. If nickel titanium wires have to be
used, then epoxy coating of the wire is recommended. This
would reduce the corrosive potential and the subsequent
release of nickel. If the epoxy coatings can be maintained
during orthodontic procedures, corrosion of the wire and the
subsequent release of metal ions into the oral environment
are minimized.['5"

Kusy!'%? evaluated the qualities and advantages of titanium
brackets and found that the biocompatibility of titanium brackets
was maintained by preserving the integrated base made of
a single piece of pure titanium. Lesser stiffness of titanium
compared to stainless steel allows torque to be fully expressed
without deforming the bracket wings. Ceramic brackets or clear
aligners can be used as an alternative in patients with nickel
allergy.l's2l

Latex Allergy

Latex sensitivity may occur in some patients, in response
to contact with latex gloves or elastomeric ligatures and
intra- and extra-oral elastics.['*® In the latex sensitive patient,
steel ligatures or self-ligating brackets may be preferred. The
treatment plan might need to be modified, avoiding Class Il or
Class Il traction with elastics.!"%

Allergy to Bonding Agents

It was found that composite and acrylic can cause allergic
reactions in some orthodontic patients. Toxicity is due to
unpolymerized material (methyl methacrylate) and is greatest
immediately after polymerization although cytotoxicity is still
evident 2 years after polymerization.[' Epoxy resins have been
described as the strongest industrial skin allergen produced in
the last few decades. Bisphenol A, which has two epoxy groups
in its carbon skeletons, belongs to this group of chemicals.
Occasional mucosal reactions related to resin restorations in
teeth are also reported in patients.

Tang!"** reported that the presence of oxygen-inhibited layer
renders bonding resins 33% more cytotoxic in vitro. Light-cured
and chemically cured 2-paste materials had their mean
cytotoxicities approximating their inert controls over 6 days.
Chemical cured liquid-paste materials are more cytotoxic than
light-cured and chemically cured 2-paste materials. No-mix

adhesives have been found to be more toxic than two-paste
adhesives and must be avoided.['%%

Terhune et al.l'*® tested orthodontic bonding materials for
in vitro cytotoxicity and found that all materials showed
cytotoxicity immediately after preparation. Polymerized
adhesives generally showed decreased toxicity. Sealant
materials showed statistically significant greater toxicity than
paste resins, both initially after mixing and after 30 days.
The significant finding in this study was that these materials
not only were toxic immediately after mixing but remained
toxic for extended periods of time. Excess material should
be removed from teeth by thorough scaling and flushing with
water and high-volume suction, particularly in areas adjacent
to the gingiva.l's"!

PROLONGATION IN THE TREATMENT
DURATION

Some individuals frequently damage or break their appliances
leading to extra, unscheduled appointments and prolonged
treatment times.["*® These individuals are usually careless with
their appliance and it helps to recognize these patients early
during the treatment. They can be counseled regarding dietary
habits and extra precautions can be taken, such as placing
bands in the molar teeth rather than bonding them, to prevent
frequent appliance breakages. They must be advised to keep
away from contact sports, avoid sticky foods, restrict hard food
items in their diet, and avoid biting foodstuff like carrots and
apples with their incisors as they are responsible for majority
of bond failures in orthodontic patients.['58!

TREATMENT FAILURE AND RELAPSE

Failure to complete a course of orthodontic treatment is
frustratingly common! (4-23%). This may either be due to
the patient’s insistence on removing the appliance earlier for
personal reasons like marriage or the orthodontists’ opinion
that further continuation of treatment may jeopardize the
health of the dentition and the periodontal ligament, in the
face of severe root resorption. Sometimes the patient might
not be able to maintain oral hygiene in a satisfactory way as
expected, resulting in worsening of the periodontal problem and
the incidence of white spot lesions, requiring early appliance
removal.['%9!

Usually treatment may fail due to: patient non-compliance;
incorrect diagnosis and incorrect management. Patient attitude
towards treatment plays a very important role in ensuring
predictable and successful treatment outcomes.['8% |t is
essential to communicate with all orthodontic patients in order
to establish whether they perceive a need for the treatment and
fully appreciate their commitment to treatment. This is because
orthodontic treatment may extend up to 2 years depending on
the case, followed by a lengthy period of retention, requiring
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adequate patient compliance. They must demonstrate their
ability to maintain good oral hygiene, and be free from active
dental disease at the start of treatment.!'5%160]

Patient noncompliance in wearing the prescribed orthopedic
appliances and class Il elastics is also one of the reasons for
treatment failure. Sometimes treatment may fail because of
incorrect diagnosis and poorly formulated treatment plan.['¢%
Rarely, it could be due to unforeseen circumstances like
unpredicted mandibular growth in a skeletal Class Ill patient,
beyond the expected age, which might not be under the
control of the orthodontist.['®"! We can minimize the number of
occasions when treatment goals are not met by taking complete
and accurate patient history and diagnostic records, ensuring
positive patient attitude before starting the treatment, analyzing
the various treatment options available, and choosing the best
among them.[60.161]

Finally, recognizing and acknowledging our own limitations is
very important in avoiding treatment failures. This is especially
true when some orthodontists try to treat a purely surgical
case by orthodontic camouflage, with poor results, either
due to patient compulsion and his insistence to be treated
non-surgically or due to improper diagnosis. This could
have been avoided by patient counseling and explaining the
limitations of certain treatment protocols and establishing
the treatment goals before starting the treatment. Recent
advances in digital imaging are a boon to the clinician, where
the visualized treatment objective (VTO) can be utilized as an
education and motivational tool for the patient.['®? The patients
can visualize the treatment goals and end result even before
starting the treatment, with the help of these newer software
programs, thus ensuring better patient compliance and
motivation right at the start of treatment.

Relapse

Finishing and detailing the occlusion play an important role
in maintaining the stability of the teeth in the new position,
by ensuring good cusp to fossa relationship.['31¢° Planning
the anchorage at the start of treatment is essential to prevent
unwanted mesial drift of the anchor molars. Teeth placed in
an unstable position have a high potential for relapse.'®® Loss
of anchorage might result in the case finishing in an end on
molar relationship, which might contribute to post-treatment
relapse in some patients.['8"] Rotated teeth have a high chance
of relapse and the extent of overcorrection has to be planned
by the treating clinician depending on the severity of the initial
rotation. Midline diastema too has a high probability of relapse
requiring fixed retention indefinitely.!"®!

Several long-term reviews of patients 10 or 20 years after
orthodontic treatment demonstrate that, even with orthodontic
treatment of high standard, with the teeth placed in a seemingly
stable position, teeth will still move in the absence of adequate
retention.l'8%179 |t is important that the patients understand
that teeth move throughout life; this is physiological and not
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necessarily due to relapse. The patients must be informed
before the start of treatment so that the patient does not have
unrealistic expectations regarding the treatment. For teeth
to remain straight, some form of indefinite retention will be
required. The retention required for a particular patient must
be planned well before the start of treatment.

TMJ PROBLEMS

The role of occlusion in the development of temporo-mandibular
disorders (TMD’s) has been well researched in the orthodontic
literature and is a subject of high controversy.l'""7%1 A review
of the currently available literature regarding the relationship
between morphologic and functional occlusal factors relative to
TMD reveals that there is a relatively low association of occlusal
factors in causing TMD.l'71:172]

Severe skeletal anterior open bite, discrepancy between
centric relation and centric occlusion (CR-CO discrepancy)
greater than 4 mm, over-jet greater than 6 to 7 mm, unilateral
lingual crossbite, and five or more missing posterior teeth
are the conditions that have been associated with specific
diagnostic groups of TMD conditions.!""? It has been proposed
by McNamara et al.l'”? that the first three factors often are
associated with TMJ arthropathies and may be the result of
osseous or ligamentous changes within the temporomandibular
articulation.

The current literature evidence indicates that orthodontic
treatment performed during adolescence generally does not
increase or decrease the odds of developing TMD later in
life.'”>1781 It has been found that is no elevated risk of TMD
associated with any particular type of orthodontic mechanics
or with extraction protocols.l' Although a stable occlusion
is a reasonable orthodontic treatment goal, not achieving a
specific gnathologically ideal occlusion does not necessarily
result in TMD signs and symptoms.['"2'781 Thus, according to
the existing literature, the relationship of TMD to occlusion and
orthodontic treatment is minor. Signs and symptoms of TMD
occur in healthy individuals and increase with age, particularly
during adolescence; thus, TMDs that originate during various
types of dental treatment may not be related to the treatment
but may be a naturally occurring phenomenon.l'”3174 Despite
the current evidence indicating that orthodontic treatment is
not a contributory factor,!'”>'78 it is yet highly advisable to carry
out a TMD examination for all potential orthodontic patients to
detect preexisting problems.

CONCLUSION

Before proceeding with orthodontic treatment, both the patient
and the orthodontist should reflect on the risks and the benefits
of the proposed treatment. Most of the adverse effects of
orthodontic treatment can be easily avoided by undertaking
certain precautions during the treatment. Patient’s attitude is
also an important factor in ensuring predictable and successful
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treatment outcomes. The orthodontist must counsel the patient,
ascertain his or her expectations, and assess whether they
are realistic. Some patients, particularly those contemplating
surgery, may expect a radical change in their personal life
or have expectations of restoring a failing marriage and are
high liability cases to treat because of over-expectation from
the proposed treatment. They must be recognized at the start
and the limitations must be explained to them. With vigilant
selection, diagnosis, treatment planning, monitoring, timely
intervention, and good patient cooperation, we can ensure that
the majority of orthodontic patients benefit by improved facial
and dental aesthetics as well as function, without any unwanted
side effects at the end of treatment.
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