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Abstract

There are considerable challenges in relation to post-treatment orthodontic retention. Acrylic and vacuum-formed
thermoplastic devices along with fixed bonded retainers are routinely proposed at the end of a course of treatment but
these are not without their limitations. This brings into question the current strategies in use today and the need for an
ideal long-term retainer that can be used for a ‘lifetime’. Cast chrome cobalt removable devices are presented as a possible
solution. These are both robust and able to withstand the test of time.
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Introduction

Teeth move throughout life. As early as the 1900s,
the ‘father of modern orthodontics’ stated that post-
treatment challenges can be more demanding than
the initial interventional treatment itself [1]. Soon
after, Oppenheim was clear that the retention phase
was not just a problem but was the problem of the
entire orthodontic treatment process and stated,
“retention is the most difficult problem in
orthodontia; in fact, it is the problem” [2]. All patients
present with their teeth in a unique position of
dynamic balance [3]. This may not be aesthetically or
functionally ideal but nevertheless these positions are
stable at a given moment in time. Tooth movement
occurs not only in individuals who have completed a
course of orthodontic treatment but also in those who
have naturally aligned teeth. Any changes, whether
deliberately introduced or otherwise, will alter the
state of balance and may lead to further tooth
movement. If changes to tooth positions are not
desired, then teeth need to be maintained in that
position artificially for as long as the host wants to
keep their teeth in their current positions.
Management approaches focused on delivering a
course of orthodontic treatment and limited
aftercare, often for no more than a few years of follow-
up [4], need to be revisited. Lifelong solutions need
to be explored to ensure long-term stability of tooth
positions.

Current trends

© 2023 Parmyjit Singh, et al.

The current recommendation is retention for life
following orthodontic treatment [5], and in the
absence of this, the patient would need to accept a
degree of relapse as well as the changes that occur with
the passage of time. The degree of relapse can be
highly variable, with few predictors of which cases will
largely remain stable and which will undergo
significant changes [6]. Retention appliances can be
considered as removable or fixed. Vacuum-formed
thermoplastic retainers or Hawley acrylic and
stainless-steel removable retainers are normally
prescribed for indefinite nocturnal wear following
active orthodontic treatment. Fixed lingual /palatal
retainers, also referred to as bonded retainers, are
adhered to the inner surfaces of anterior teeth in one
or both dental arches and are intended to remain
indefinitely. During the pre-treatment consent stages,
patients are advised of the likelihood of orthodontic
post-treatment relapse and the need for a
commitment to indefinite retention for life or until
such time as they are prepared to accept unplanned
tooth movements that may include some relapse [7].
Once active treatment and a limited period of
supervised retention are concluded, orthodontists,
having completed their duty of care discharge the
patient to the referring dentist or general dental
practitioner [8]. Rarely does the orthodontist offer
indefinite lifetime supervision of their treated
patients and replacement or repair of worn-out
retainers. General dental practitioners, though
committed to provide for the patient’s dental needs,
are often reluctant to assume the responsibility for
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long-term supervising of the treated patient [9]. This
may be due to the dentist’s contention that since they
have not prescribed or supplied the retainers, they are
not in a position to assume a duty of care for them
[10]. Another possible explanation is that retainers are
beyond the skill set of the dentist. Patients can then
be left to their own devices to find a dentist to manage
their retention and oral devices. Without regular
professional supervision and inspection, patients will
only seek further treatment once they notice tooth
movement and relapse with a sizable proportion of
adult patients then seeking treatment for a second
time [11]. The consensus of clinical experience
supported by research has shown that once aligned,
teeth may be maintained with regular removable
retainer wear indefinitely, with attempts being made
to widely disseminate this information to orthodontic
patients [12].

Current appliances and their limitations

Plastic, thermoplastic and acrylic as used in dentistry
have historically been convenient, readily available,
and inexpensive in the shortterm. They should
continue to be considered for short to medium term
use but not longterm use due to their fragility,
weakness in thin section, difficulty in cleaning, plaque
accumulation, retention of oral microflora and other
shortfalls [13]. Stainless steel bows and retention cribs
included into acrylic devices such as in the Hawley or
Begg retainers are also subject to distortion and work
hardening fracture [14]. The acrylic and stainless steel
is liable to fracture at the plastic metal interface. Over
time the physical nature of the plastics and acrylic,
when exposed to the oral environment, degrade,
become brittle and are liable to fracture. It is of note
that dental laboratories take no responsibility for
HTM 01-05 sterilising of manufactured devices
leaving this task to the clinicians [15]. Due to the
nature of the fabrication materials, dentists are only
able to disinfect these appliances before use. Vacuum-
formed thermoplastic aligners, as well as 3D printed
aligners are increasingly popular as the appliance of
choice amongst orthodontists, dentists, and their
patients [16]. They have a valuable role in achieving
desired outcomes within defined time scales. These
devices or subsequently made vacuum-formed
retainers or those that are 3D printed are unsuitable
as longterm retainers. Where arch expansion has
occurred, the inherent transverse flexibility of the
vacuum thermoformed retainers limits their ability in
maintaining arch width expansion. However, there is
emerging evidence that modifications to a vacuum-
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formed retainer may offer some benefit to cases where
expansion has taken place, at least in the short-term
[17]. Fixed bonded retainers are adhered to the inner
surfaces of the anterior teeth only (with a few
exceptions) and therefore have no contact with or
influence over the alignment of teeth in the buccal
segments.  The placing of these retainers is
challenging, technique sensitive [18, 19], and is rarely
taught in the undergraduate curriculum. “Daisy
chaining” a group of teeth together introduces plaque
and calculus traps around the teeth and retainer wires
[20]. Plaque will still accumulate with the well-
established adverse effects on the gingival tissues and
supporting dental structures, even with fastidious
cleaning regimen with water picks, interdental
cleaners, floss, oral disinfectants, and brushing. In
addition, distorted fixed bonded retainer wire may
inadvertently introduce unwanted tooth movements
[21]. Sharp uncovered wires may cause soft tissue
irritation and trauma and repairs of one or more
fractured elements of the fixed bonded retainer can
be challenging. Whether one ascribes to the
philosophy of occlusion, occlusal balancing, and
functional dynamic occlusion or not, there is little
doubt that the forces of occlusion are enormous and
are potentially very destructive especially where these
forces are directed to one or a few teeth. Having
undertaken extensive and expensive orthodontics it
would seem logical to institute long-term measures to
protect the end results from relapse and damage by
jaw parafunction. Vacuum-formed thermoplastic
retainers and bite guard occlusal splints are often
provided for risk patients, but these suffer from the
limitations related to retainers already described. As
the acrylic or thermoplastic material wears or partially
disintegrates with use, adverse tooth movement and
eruptions can occur. A short-term remedy may have
long-term adverse undesirable consequences for the
patient.

Possible solutions for long-term retention

There are several options available for long-term
retention strategies, however, all of these rely on a
high level of patient compliance with the retention
protocol.

1. Continuing with the status quo cannot be
ignored given that this has been taking place
for many decades. The limitations of this
model have already been described.

2. A subscription model where patient’s pay a
monthly fee to the dentist or orthodontist, in
return for a regular inspection of their fixed

2
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bonded retainers and replacement of their
removable retainers. Already, the direct-to-
consumer aligner company Smile Direct Club
offers automated replacement of removable
retainers for a set fee every six months
(www.smiledirectclub.co.uk/en-gh/) (22].

Whilst such a model may already exist in some
practices as well, it has the limitation that as
more and more patient’s finish treatment and
subscribe, a larger proportion of clinical time
may be taken up by retainer review and
replacement appointments.

3. The use a near ideal appliance to act as a
removable retainer.

Ideal properties of an appliance for long-term
intra-oral use

Whilst an ideal appliance may not exist, one that
fulfils as many of the following requirements would
be desirable:

1. Accessible to and manufactured by most
dental laboratories.

2. Robust and strong in thin section so that it
does not distort or wear with long-term use.

3. Nonporous and discourage the ingress of oral
micro flora.

4. Biocompatible with the oral environment, not
leach or degrade with time and have a proven
long-term safety record for use in the mouth.

5. Compatible with dental tissues and dental
restorative materials, prosthesis, or other
elements in the oral cavity.

6. Achieve the desired management objectives,
that is, longterm post-treatment retention;
provide inter-occlusal barrier to protect the
teeth in the presence of jaw parafunction;
distribution of occlusal loading forces down
the long axis of the teeth; spread the occlusal
biting forces evenly over the dentition.
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7. Tooth borne and kept free of the tooth
supporting tissues as far as possible.

8. Sterilisable in line with current best practice
prior to delivery to the patient (Health
Technical Memorandum 01-05, 2021) [15].

9. Tolerate minor chairside adjustments.

10. Minimal encroachment upon tongue space.

11. Minimal interference with speech and oral
function.

12. Allow normal unimpeded saliva flow around
the device and within the mouth.

13. Easily removed by the wearer for cosmetic
reasons and ease of cleaning of the teeth, oral
tissues, and the device itself.

14. Easy to clean using domestic materials and be
domestic dishwasher proof.

15. Minimal maintenance and infrequent

replacement.

16. sssInexpensive over the lifetime of the
appliance.

17. Minimal or no risk to the patient’s health and
wellbeing.

18. A comfortable, pleasant patient experience.
A possible solution

Nearly all the above requirements can be fulfilled by
chrome cobalt removable retainers. These have been
described along with their possible role in the
retention regimen [13], although the design has since
been modified. Chrome cobalt is a well-established
dental material familiar to many dental laboratories,
is robust and strong, can be sterilised, is nonporous
and biocompatible as well as being compatible with
many other dental materials. All standing teeth are
included in the design so that no tooth is left
uncontrolled. Close fitting labial bows are placed on
the labial surfaces of anterior teeth with a
reciprocating lingual bar or lingual plate in the lower
jaw. In the upper jaw the close-fitting labial bow is
reciprocated by the palatal plate (Figure 1a).
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Figure 1a: Close fitting labial bows with reciprocating lingual/palatal plates. Note every posterior tooth has been clasped
and there are circumferential clasps around the terminal molars teeth to retain arch length.

Wherever possible the buccal teeth are clasped and arch length. The buccal occlusal surfaces have
are reciprocated by the lingual or palatal plates or continuous chrome bite plates which are occlusally
clasps. Circumferential clasps are placed where balanced against the opposing appliance (Figure 1b

possible around the terminal molars or teeth to retain
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Figure 1b: The buccal occlusal surfaces have continuous chrome bite plates and clasps on every posterior tooth.

The aim is to protect the cusps and crowns of teeth encroachment upon tongue space so speech in
and distribute occlusal loads across the dental arch. minimally effected, saliva flow is unimpeded, the
By virtue of this design, the teeth are encased in the appliance can be easily removed and inserted, and
chrome cobalt skeleton limiting their potential cleaning can extend to the appliance being placed in
movement and there is minimal soft tissue support for a dishwasher (Figures 2a-e).

the appliance. For the wearer, there is minimal

Figures 2a-e: Appliance in situ showing labial bows and lingual/palatal plates. Note minimal encroachment upon tongue
and the chrome bite plates which are occlusally balanced against the opposing appliance.
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There is minimal maintenance of the appliance, and
its long-lasting nature makes it inexpensive over the
lifetime of the appliance.

Practical considerations

The clinical records should ideally include a facebow
transfer registration so that the chrome technician can
mount the work on a semi adjustable articulator to
establish occlusal balancing.

The frequency of nocturnal retention is unique to the
individual with significant variability form one person
to another. In response to the usual question “how
many nights or how often do I need to wear the
retainers!” the advice might be to gradually reduce the
frequency of wear until the retainers feel unusually
tight and then increase the frequency again until the
retainers can be inserted without causing any
discomfort. This has the advantage of transferring
responsibility for wear to the patient.

The limitations of the appliance must be
acknowledged. It is essential that the chrome cobalt
devices be constructed at the same time and be worn
as a pair or if only one is worn then it must be opposed
by protective device in the opposing jaw as chrome
cobalt may in the presence of jaw parafunction or
bruxism cause damage to unprotected enamel. Given
the rigidity of the appliance, if some tooth movement
occurs then the appliance can stop fitting and chrome
cobalt is a hard material that can only be minimally
adjusted. However, if the teeth move significantly and
the chrome retainers fail to fit, then aligners can be
used to re-establish alignment before returning to the
chrome retainers. Similarly, given the longevity of the
appliance, the wearer may have dental restorative
work undertaken and the appliance would need to be
checked to ensure any restoration has not unseated
the appliance. Patients must ensure that they take
their retainers with them on dental visits as any
alteration in the dental anatomy will inhibit the
seating of the rigid metal retainers.

The appliance may also need to be remade should
there be the eruption of further teeth, for example,
third molars or there being major restorative work
undertaken.

Conclusion

Existing retainers, both removable and fixed bonded
are not without their limitations, particularly in the
longterm. Chrome cobalt retainers, that can be
constructed to snugly control every tooth are a
possible option that overcomes many of the
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limitations of retainers that are currently in
widespread use.
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