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ABSTRACT

Orthodontic retention is defined as maintaining teeth in optimal aesthetic and functional position after treatment. Despite the ne-
cessity of retention phase and the factors influencing the stability of the teeth after orthodontic treatment was discussed by the
orthodontist for a long time, it is accepted that a retention phase is essential for stability of orthodontic treatment results nowadays.
Therefore, the application of a suitable retention method is important both for prevention of relapse after orthodontic treatment and
for increasing patient satisfaction. Removable appliances had been used for many years for retention purposes. Later, fixed retainers
were introduced to prevent relapse as having a number of advantages, such as better aesthetics, no need for patient cooperation,
effectiveness, and suitability for lifelong retention. However, their need for precise bonding technique, fragility, and tendency to cause
periodontal problems by weakening oral hygiene are some of their disadvantages.
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INTRODUCTION

Orthodontic retention is defined as maintaining teeth in optimal aesthetic and functional position after treat-
ment (1). Retention is a treatment phase in which clinicians have not come to a consensus and rather shapes
through years as the clinician gains experience (2). The necessity of retention phase has even been a debate
among orthodontists for years (3). In the 19t century, the most important factor for stability of the teeth after
orthodontic treatment was believed to be occlusion. Approaching the 20" century, Lundstrom (4) claimed
that the most important factor for stability is apical base, whereas McCauley (5) emphasized the importance
of canine and molar relationship. In 1944, Tweed (6) reported that incisor inclination plays a role, and that
upright incisors help in maintaining better stability during retention. Nowadays, there is a strong acceptance
that a retention phase is crucial for stability of treatment results. Furthermore, lifelong retention is advised in
some cases (7).

Removable appliances have been used for many years for retention purposes. In the 1970s, fixed retainers were
introduced to prevent relapse in the lower incisor area (8). These retainers that are bonded to the lingual faces
of the teeth are increasingly preferred by orthodontists for being both aesthetic and easy to wear by patients
for long-term use (9,10)146 boys. In a study published in 2002, it was reported that one-third of orthodontists
preferred fixed lingual retainer in the mandible, whereas 5% preferred fixed retainers in the maxilla (11). In an-
other study published in 2011, it was reported that fixed retainers are preferred by 42% of orthodontists in the
mandible and 11% of orthodontists in the maxilla (12).

Clinical and Research Consequences

Fixed retainers are most commonly used in the orthodontic retention phase as they have a number of ad-
vantages, such as better aesthetics, no need for patient cooperation, effectiveness, and suitability for lifelong
retention (13). However, their need for precise bonding technique, fragility, and tendency to cause periodon-
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tal problems by weakening oral hygiene are some of their dis-
advantages.

In 1965, Newman (14) presented the direct bonding technique of
orthodontic attachments. Later, in 1973, Kneirim (15) introduced
the use of fixed retainers for orthodontic retention purposes for
the first time. The wires that are used in the manufacturing of
fixed retainers are categorized into generations since they have
been introduced (16). These are the following:

« 1% generation: These are 0.025-0.036 inch blue elgiloy or
stainless steel round wires. These are bonded only to lingual
surfaces of canines, and loops are bended at each end to
increase retention.

. 2™ generation: These are 0.032 inch triple-stranded wires
and can be bonded to lingual surfaces of all anterior teeth.
These multi-stranded wires substituted plain wires as they
have higher elasticity that allows physiological movement
of the teeth (17).

. 3" generation: These are 0.032 inch stainless steel or 0.030
inch gold-coated plain wires. Their ends are sandblasted
with aluminum oxide to increase mechanic retention. They
are bonded to canines only (18).

« 4% generation: These are 0.0215 inch 5-stranded wires that
can be bonded to all anterior teeth.

- 5" generation: These are 0.032 inch, blue elgiloy plain wires
that are sandblasted at the ends and bonded to canines
only.

At the beginning, plain round or rectangular orthodontic
wires were used as fixed retainers (1). In 1977, Zachrisson (19)
presented the advantages of using multi-stranded wires as
bonded retainers. Then, in 1982, Artun and Zachrisson (20) in-
troduced the technique of bonding multi-stranded wires to ca-
nines only. Later, Zachrisson (21) applied triple-stranded wires
to all anterior teeth in his studies. However, in his paper where
he discussed his experience with fixed retainers for 20 years,
he reported that 0.0215 inch 5-stranded wires serve better re-
sults based on failure rates observed in follow-up sessions (21)
(Figure 1).

In the last 10 years, multi-stranded wires became more popu-
lar for bonded fixed retainers (1). Meanwhile, resin fiberglass
bands were introduced as an alternative (22, 23). However, al-
though they were more aesthetic and smaller in size, their higher
long-term failure rates and inability to allow physiological tooth
movements reduced their popularity as a choice for bonded
fixed retainers (Figure 2).

In recent years, bonded retainers can be manufactured using
CAD-CAM systems. The studies in this area are limited as this is
a very new technology. The techniques and types of wires used
for manufacturing bonded retainers using CAD-CAM technolo-
gy vary for each firm. In one of the techniques used, the retainers
are produced by bending of prefabricated wires by the handle
of a machine. The SureSmile retainer (OraMetrix, Richardson,
TX, USA) that is produced by this technique uses copper—nick-
el-titanium wires (24). Another technique is producing bond-

ed retainers by carving out of a block of wire. The Memotain
retainer (CA-Digital, Mettmann, Germany) that is produced by
this technique is manufactured from nickel-titanium wires of
0.014%0.014 inch thickness (25) (Figure 3).

Fixed bonded retainers are generally used in two ways. First,
thicker 0.032 inch wires are bonded to canines only. Although
stainless steel wires are mostly preferred in this technique, Liou
et al. (26) reported successful results for nickel-titanium wires
as well. Second, retainers made of 0.0175-0.0215 inch wires are
bonded to each tooth usually from canine to canine. The indica-
tions for these two techniques differ from one another (1).

The indications for bonding fixed retainers to only canines were
defined by Lee (27) as follows:

Figure 1. 5-stranded wire retainer bonded to all anterior teeth from
canine to canine

Figure 2. Resin fiberglass band retainer bonded to all anterior teeth
from first premolar to first premolar

; . N
Figure 3. Memotain retainer bonded to all anterior teeth from
canine to canine
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+  cases with severe rotations and crowding in the lower inci-
sors,

«  cases in which lower inter-canine width is changed,

«  cases treated with lower incisor proclination,

. cases with mild crowding that are treated without ex-
tractions,

«  cases with deep overbite.

The indications for bonding fixed retainers to all teeth were de-
fined by Zachrisson (28) as follows:

. cases in which median diastema is closed,

«  cases with diastemas between the anterior teeth,

« adult patient with a potential for migration of the teeth after
orthodontic treatment,

«  cases with tooth loss or large diastemas in the maxilla be-
fore treatment,

«  cases treated with mandibular incisor extraction,

- cases with severely rotated teeth before treatment,

«  cases in which the position of a palatinally impacted canine
is corrected.

The fixed retainers that are bonded to only canines are generally
indicated when the anterior segment is moved toward the an-
teroposterior or lateral directions. If there is a risk of relapse for
each tooth separately, then it will be wiser to bond the retainer
to each tooth (1).

Clinical Evaluation of Fixed Retainers

Failure types, failure rates, and effects on periodontal health are
the investigated issues in clinical studies related with bonded
retainers.

Failure Types of Fixed Retainers

The reasons for failure of bonded fixed retainers include sepa-
ration of tooth-adhesive interface, separation of wire-adhe-
sive interface, breakage of retainer wire, and unwanted torque
movements of the teeth caused by a retainer wire (29-33). It is
reported that most of the failures are observed within the first 6
months of retainer use.

The most common failure type is separation of tooth-adhesive
interface (29). The reported rate of this failure type in metal
retainers is 3.5%-53%, whereas this rate changes from 11%
to 51% in fiber retainers (30-33). The reason for separation of
tooth-adhesive interface is almost always related with extreme
biting forces caused by eating hard foods. Therefore, patients
wearing fixed retainers should abstain from biting hard foods
directly. On the other hand, breakage of retainer wire is usually
related with metal fatigue that is observed in long-term retain-
er use.

It is mentioned that the reason for separation of retainer wires
from adhesive materials may result from either inadequate use
of adhesive materials during the bonding stage or loss of adhe-
sive material from composite surface due to abrasion in long-
term use. Larger amounts of adhesive usage is recommended to
increase the resistance to abrasion (1).

The less common failure types are opening of spaces between
the teeth and sometimes displacement of the teeth or occur-
rence of dehiscence due to unexpected torque movements
although there is no separation of retainer from tooth surface
(9,31,34-36)2077 female. Despite failure of fixed retainers is a
multifactorial problem, disharmony between retainer wire and
tooth surface, errors in wire placement or bonding technique
and mechanical properties of retainer wires play an important
role in failures (34). It is reported that passive adaptation of re-
tainer wire to tooth surface, avoiding contamination of saliva
during bonding, and abstaining from biting hard foods will in-
crease the success rate of fixed retainers.

Failure Rates of Fixed Retainers

A number of studies investigating various types of retainer wires,
adhesive materials, and bonding techniques used for fixed re-
tainers can be found in the literature. There is a wide range for
failure rates examined for each different type of fixed retainers.
For stainless steel retainers, which are bonded to canines only,
the failure rates are reported to be 13%-37.7% (27, 37-39). On
the other hand, the failure rates are reported to be 9%-14%
when they are bonded to six lower incisors (40, 41).

The failure rates for multi-stranded retainers that became popu-
lar in recent years for their advantages are reported to be 8.8%-—
46% (32, 33, 38, 42, 43). For resin fiberglass retainers, the failure
rate was observed between 11% and 71%, and the risk of failure
for maxilla was reported to be higher than that for mandible for
all examined fixed retainer types (32, 33, 44).

Effects of Fixed Retainers on Periodontal Health

The biggest concern for bonded fixed retainers in long-term use
is whether they make it more difficult to maintain oral hygiene
and cause negative effects on periodontal health (8, 20, 37, 38,
45-48). However, no consensus is found about this subject when
the literature is reviewed. There are studies that show that bond-
ed fixed retainers cause increased plaque and calculus accumu-
lation or gingival inflammation. There are also other studies that
show no negative effect.

Artun (20) compared the effects of different types of fixed re-
tainer wires on caries formation and periodontal health and
reported that although fixed retainers cause more plaque accu-
mulation, they do not cause caries. Levin et al. (45) showed that
bonded fixed retainers cause increased plaque accumulation,
gingival recession, and bleeding on probing. Pandis et al. (8) re-
ported that as a result of long-term tissue irritation, bonded fixed
retainers cause an increase in pocket depth, marginal gingival re-
cession, and calculus accumulation. However, these results were
related with long-term wearing of fixed retainers rather than the
materials used (20). It was remarked that the interproximal area
beneath bonded fixed retainers was difficult to clean, thus more
calculus was accumulated in this area (8, 46).

On the other hand, there are many studies that argue against
these opinions. These studies revealed that even long-term
wearing of fixed retainers caused no gingival tissue damage in
most patients (37, 38, 47, 48).
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Rody et al. (47) placed fixed retainers in the mandibular anterior
teeth and reported that although there is an increase in plaque
accumulation, periodontal health is not affected. Booth et al. (37)
reported acceptable gingival values in the mandibular anterior
teeth after long-term wear of fixed retainers. Another study re-
ported a decrease in bone level and remarked that it was due
to orthodontic treatment rather than type of retention protocol
(49).

CONCLUSION

Even though there are controversial studies in the literature, it
is evident that bonded fixed retainers complicate maintaining
oral hygiene. In light of this information, it is crucial to inform
patients about the importance of brushing and flossing in de-
tails. They should also avoid biting hard foods, be motivated to
protect their dental health, and be encouraged not to miss their
periodic check-ups during the retention phase of orthodontic
treatment (50).
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