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ABSTRACT
Implementing retention at end of orthodontic treatment is not straightforward: it may induce harmful
side-effects on occlusion, muscles, joints and posture.
To foresee and prevent such risks, exhaustive clinical examination should be performed ahead of the
retention phase: history taking, intra- and extra-oral examination, and static and dynamic analysis. The
choice of type of retention appliance will result from this appraisal:
The practitioner should be rigorous in producing the device (form and choice of material), fitting it (fixity,
stabilization), adjusting it (balance), and above all in follow-up.
Whatever the selected retention system, regular clinical follow-up is mandatory, to monitor ongoing
adaptive balance: teeth, joints, muscles, etc.
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INTRODUCTION
Temporary removable retention is implemented at the end of orthodontic treatment,
to fix, maintain and stabilize inter-dental relations so as to limit relapse and secondary
migration7. We should, however, speak not
so much of “retention” as of “retentions”,
so numerous are the potentially destabilizing pathophysiological mechanisms
generated by treatment. The literature on
periodontal ligament fiber reorganization is

rich14,30 and dental units certainly need to
be blocked; but other factors also need to
be taken into account, such as inter-dental
relations in occlusion and during functional
mandibular movement28, soft tissue pressure on the arcades and respiratory pressure on the nasal cavities. The choice of
retention should thus be carefully made in
the light of all of these criteria, specific to
the individual patient.
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Whatever the type of device, fitting
needs to respect the various components of the masticatory (dental,
osteoarticular and neuromuscular)
system. If any of these fail, progressive imbalance ensues; this is known
as dysfunction, and may lead to relapse and/or postural imbalance.

Implementing temporary retention
is a phase of treatment in itself, determining overall success or failure3.
It is thus essential, before proceeding to retention, to perform thorough
clinical examination, enabling global
diagnosis that goes beyond the presenting dysmorphism.

CLINICAL EXAMINATION
Clinical examination is specific, and
should be detailed. It comprises extra- and intra-oral examination and
static and dynamic analysis, to provide a global view of the masticatory
system.
It allows screening for latent or
manifest pathology, confirms the
choice of retention, and also informs
the patient on the need to adhere to
the treatment program.

Extra-oral examination
Muscle assessment

Hypotrophy suggests occlusion
disorder or hypofunction in some
occlusal sectors. Hypertrophy is often associated with a parafunction,
which needs to be detected. Muscles are liable to be strained by parafunctional activity such as bruxism,
and the strain may be symmetrical or
asymmetrical, inducing short- to longterm orodental and possibly postural
forces and tension that may lead to
severe imbalance4.
Any pain should be assessed in
terms of intensity and also of loca-

Bimanual symmetric palpation, at
rest then with the arcades closed,
reveals muscle volume (hyper- or
hypo-trophy), asymmetr y and/or
asynchrony, but also tension, sensitivity and myalgia, reflecting neuromuscular irritation (fig. 1).

Figure 1
Masseter muscle palpation.
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Figure 2
Masseter muscle (superﬁcial and deep
bundle) (Jankelson).
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tion, which varies according to the
muscles involved11.
For example, masseter muscle
spasm in the superficial or deep bundle induces:
– radiating (primary) pain nearby, in
the cheek or gonial angle;
– projected (referred) pain, remote
from the masseter, in the maxilla,
mandible, temple, eyelid, temporomandibular joint (TMJ) or ear12.
Starting from a trigger region, such
pain spreads outward in remote
areas having the same neurologic
dermatome (fig. 2).

Articular assessment
TMJ palpation
TMJ palpation is bimanual, with
comparison between left and right
side, performed with the mouth
closed and open, in the pre-auricular (external) and retro-auricular and
intra-auricular regions. It assesses
mandibular condyle morphology,
with possible alteration of form or
position.
Condyle displacement should be
symmetrical and synchronous. Any
snap, jerk or asymmetry is an alarm
signal to be taken into account in
screening for dysfunction.
Articular noise6 is explored; depending on its characteristics (snapping, cracking, reciprocity, etc.) and
clinical signs (mandibular trajectory
deviation), condylo-discal system pathology may be diagnosed.

for dental treatment or prostheses
to be replaced may contraindicate
immediate retention, and should be
dealt with as quickly as possible so
as to be able to work on a favorable
diathesis.
Dental abrasion, mylolysis, cracks,
gum recession, alveolysis and hypercementosis are alarm signs for
parafunction (fig. 3).

Occlusion assessment
Occlusal relations are assessed
statically and dynamically (fig. 4).
Quality and quantity of dental contact symmetry, occlusion plane, Spee
and Wilson bends, and molar occlusal
side orientation are important factors
for stability when optimal.
Slight rotation due to incomplete
correction should be screened for, as
it may represent incipient relapse and
induce interference or prematurity,
preventing normal occlusion.
Molar chocking should be checked,
and cusp-fossa relations, if not optimal, should be corrected by addition
of substance.
Oral opening, with a height of
around 50.7 ± 7 mm24, should be vertical and straight. Limitation or disorders such as deviation or deflection
are alarm signals for joint or muscle
pathology.

Intra-oral examination
Dental assessment
On removing orthodontic casing,
decay, tooth fracture, requirements
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Figure 3
Dental abrasion.
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Figure 4
Static occlusal relations (maximum
intercuspation).

Propulsion and lateral movement
should be harmonious, balanced
and integrated in ideal mandibular kinematics20. Any abnormality
disturbs the masticatory cycle,
with severe long-term conse
quences 16.
Occlusion pattern analysis is primordial, confirming the chocking,
centering and guidance functions
that guarantee functional balance and
long-term stability21.

Periodontal assessment
It is essential to assess the state
of dental support, rendered sensitive by the phenomena of apposition
and resorption inevitably induced by
displacing teeth32, and to ensure absence of mobility.
According to Paulson23, 4 years are
needed for desmodontal fibers to
reorganize; the patient needs to be
aware of this.

Figure 5
Lingual dyspraxia.

Oral function assessment:
swallowing, phonation and
respiration (fig. 5)
Tongue dysfunction (interposition,
abnormal swallowing, low tongue,
etc.) and bad habits such as nail-biting can affect mandibular positioning
and thus occlusal relations13.
Strong muscle and soft-tissue pressure on the arcades (hypertonus)
or oral breathing frequently cause
relapse and should be screened for
systematically8.
Following this clinical examination, dysfunction may or may not be diagnosed.
Any pathology must either be managed before fitting removable retainers or taken account of in choosing
and balancing the retention system.
Even if there is no dysfunction, it
seems to us to be important to be
aware of the factors liable to lead to
or trigger onset.

TEMPOROMANDIBULAR JOINT (TMJ) DYSFUNCTION
TMJ dysfunction is defined as
symptomatic expression of temporomandibular myoarthropathy, and usually displays impaired mandibular kinematics with or without associated
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pain or joint noise. It is well classified,
as muscular, articular or musculo-articular TMJ dysfunction.
Etiology is multifactorial (occlusal
factors, parafunctions, trauma,
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hypermobility, stress, personality,
etc.) and onset basically depends on
the capacity for adaptation, which
varies from individual to individual
and over time for a given individual.
Occlusal factors and their implication in TMJ dysfunction were controversial for many years, but are now
subsumed under a global etiology, as
predisposing or trigger factors.
Imbalanced
occlusal
contacts
(hooks or resin) cause interference
and prematurity, regularly deviating
the mandible during closure. Occasional closed bite in a non-stabilized
(recent retention) or pathological periodontal context develops toward occlusal trauma, causing version or ingression of the antagonist teeth.
Such occlusion, when it becomes
pathological and pathogenic, positions the mandible non-physiologically, inducing periodic mechanical
overload between the various joint
components11. Onset of structural or
behavioral stress may aggravate occlusal imbalance, leading to TMJ dysfunction.
So long as adaptation-reduction,
adaptation-transformation
balance
is maintained, the subject will be
asymptomatic, but any loss of ho-

meostatic balance leads to structural,
impairment22.
That parafunctions such as bruxism,
possibly aggravated by psychological
or general disorder, are implicated is
no longer disputed.
Parafunction is defined as involuntary, non-functional, rhythmic or spasmodic masticator muscle activity,
and may take 2 well-defined forms:
centered and excentric bruxism15.
Centered bruxism (clenching) involves isometric contraction without
displacement of bone elements, and
usually occurs when the subject is
awake; it generally leads to muscular
hypertrophy.
Excentric bruxism (grinding) involves isotonic contraction, with displacement of bone elements, and
usually occurs when the subject is
asleep; it leads to usually asymmetric
changes in masticator muscle tonus.
Commisso5, in a 2014 study,
showed that shear stress in bruxism, especially when centered, could
damage the joint disc, ending in TMJ
dysfunction.
The chosen retention device must
therefore not be iatrogenic, and even
be possible to use in managing certain dysfunctions.

TEMPORARY REMOVABLE RETAINERS AND POSSIBLE SIDE-EFFECTS
Harmonizing anterior and posterior
sector functional relations is a mandatory first step in retention.
To avoid breaking the balance,
certain criteria should be respected, in producing (shape, choice of

J Dentofacial Anom Orthod 2016;19:104

material), fitting (fixing, stability) and
balancing temporary removable retention.
We shall deal here only with monomaxillary devices: Hawley plate, and
thermoformed splint.
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Removable Hawley plate (fig. 6)
Description and advantages
Hard resin Hawley palatal plates are
stabilized by 2 Adams hooks (1 mesial in the first premolar and 1 distal
in the first molar) or prosthetic hooks,
with a stainless steel wire from canine to canine, ensuring fixity.
The rigidity of the material prevents
relapse of arcade width after expansion,
while maintaining rotational correction related to tooth morphology; the main purpose of a retention device is to counteract gum fiber tension, which tends to pull
the teeth back to their original position.
The plate allows vertical adaptation
of the teeth to the new setting, with
good transverse control10; it thus enables the oro-dental system to adapt
progressively to the new neuromuscular-articular balance. According
to Littlewood18, the teeth end up by
positioning themselves, with better
distribution of occlusal contact.

Occlusion in precise, balanced
maximum intercuspation, respecting
the tripod principle and cusp/fossa
relations, is important for the stability
of tooth positioning.

Essential criteria
To optimize efficacy, the plate
should be carefully positioned, taking account of the risk of occlusal or
articular imbalance that it may incur.

Occlusion
On the day of fitting, occlusion
should be checked without the plate
and balanced if necessary so that
retention is integrated in a theoretically “ideal” occlusion pattern. As it
takes time to produce the device,
changes may occur in the teeth between molding and fitting. According to Reitan26, the first movements
toward relapse occur as soon as active treatment is terminated.
Relations between the tooth and
the antagonist wire are controlled,
and any interference or closed bite
should be eliminated, to avoid occlusal trauma in the tooth in question.
Another major drawback of the
Hawley plate is the lack of control
of anterior teeth, with risk of incisor
guide egression.
Removing the plate reveals lack of
posterior contact, which has incontestably harmful effects on the temporomandibular joint.
This type of retention is obviously
contraindicated if joint pathology has
been diagnosed and not treated.

Wearing the Hawley plate
Figure 6
Removable Hawley plates.
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“Part-time” use, often due to the
discomfort of a rather bulky device,
leads to occlusal imbalance, inducing
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interference and prematurity.
Occasional closed bite (occlusal
trauma) leads to repeated sliding
movements that are very harmful for
the periodontium, inducing mobility
and version in the teeth in question,
progressively altering the initial occlusion and deviating the mandible during closure.
“Full-time” use can also have occlusal side-effects, often inducing
slight maxillary arcade expansion; if
this is not mirrored in the mandibular
arcade, which remains narrow, occlusion is destabilized. The maxillary expansion may resolve once the plate
is removed, but in the worst case
scenario lateral mandibular displacement becomes chronic, impacting
the TMJ.
Whether full- or part-time use is
prescribed, adherence is patientdependent and regular monitoring
of occlusal balance should be scheduled.

Thermoformed splint (fig. 7)
Description and advantages
Thermoformed splints can be maxillary as well as mandibular; they are
usually transparent, and much less
bulky than Hawley plates1,9.

Figure 7
Thermoformed splint.
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The splint covers all of the crowns
of the arcade, “theoretically” ensuring 3-dimensional retention.
Fixity is provided by the elasticity of
the material.
Not being very bulky, it is wellaccepted and worn between 8 and
22 hours a day. In the USA, it is used
for 36% of retentions29.

Essential criteria for the thermoformed splint to remain “neutral” for
teeth, muscles and joints
Choice of material
The splint is in resin, but the choice
of material (flexible or rigid) is important, as it impacts certain biological
parameters25.
Some authors argue that soft resin
leads to tension and gritting the teeth:
Rozencweig27 even reported biting
and chewing reflexes with this type
of device. In a 1998 study, Okeson19
reported increased electromyographic activity in 50% of soft-splint wearers. Lindfors17, on the other hand, disagreed and claimed that nothing goes
to show that the choice of material
affects control of nocturnal bruxism.
However, in 2012 Arima compared
results with soft versus hard splints
in severe bruxism2: electromyography
showed 80% less nocturnal muscle
activity with hard splints; he explained
this by the fact that flexible material
does not greatly inhibit muscle activity during sleep, unlike a rigid splint.
Choice of material thus seems to be
an important step, due to its neurobiological impact on masticator
muscle regulation. Rigid orthoses are
well-known to temporarily inhibit masticator muscle activity, acting directly
on the tendency to grit the teeth.
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balance, leaving intermaxillary relations non-controlled.

Wearing the splint

Figure 8
Splint balance.

Rigid resin retention is also indisputably easier to balance, providing
stability for the intermaxillary relation
concerned31 (fig. 8).
Moreover, soft-resin occlusal splints
are too flexible to maintain the arcade
transversally, especially in case of
maxillary expansion; they deteriorate
faster and are almost impossible to

Just like Hawley plates, splints
should be worn continuously to avoid
“jiggling”, which harms the periodontium.
But this means that no process of
occlusal adaptation is possible, due
to lack of direct intercuspation between the arcades.
Whatever the type of retention,
occlusion adjustment is an essential step: checking the new occlusal
pattern induced by the temporary removable appliance is mandatory.
The new intercuspation occlusion
should be well-balanced, both statically and dynamically, so as not to
imbalance the masticator system as
a whole.

CONCLUSION
Retention after active treatment is
indispensable and should not be neglected, as it stabilizes treatment results.
It reduces, without eliminating, the
risk of immediate or progressive relapse that may follow orthodontic
treatment.
It combats ligament elasticity and
should also protect the whole mastication system. Only global post-orthodontic management can guarantee treatment stability.
This is why the retention should
not hamper the “occlusal machinery”,
but should be as passive as possible.
However, in some cases of joint pathology, it may not be simply neutral
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but also contribute to treatment. We
therefore opt mainly for rigid thermoformed splints, which seem easier to
integrate into the mastication system.
Retention should be well-considered, well-performed, and wellbalanced. Whatever type is used,
regular clinical check-ups are essential to monitor adaptive balance of the
system as a whole: teeth, joints and
muscles.
No temporary retention system is
perfect: they are temporary, helping
limit one of the most difficult problems in orthodontics: relapse.
Conflict of interest: The authors declare no
conflicts of interest.
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