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Since the publications of Little’s long-term 
treatment results6,7, a wave of pessimism 
has engulfed the orthodontic community. 
Little reported a very large number of cases 
managed at the University of Washington, 
70% of which relapsed at 10 years’ follow-
up and 90% at 20 years, whatever the type 
of malocclusion or treatment. The pes-
simism was darkened by further studies 
confirming instability of outcome in studies 
that were not the practitioner’s own report 
(Nanda8).

INTRODUCTION

We later gained a better understanding 
of what should be called relapse and what 
is more a matter of the natural maturation 
of the face. Aging entails a reduction in ar-
cade dimensions which was described as a 
“centripetal drift”9.

It is also noteworthy that the cases 
studied by Little had been managed sev-
eral decades before the study, by Ameri-
can practitioners, inspired by the ideas of 
the time, which were founded more on 
“normal values” (Tweed’s cephalometric 
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norms for the face and the Bonwill-
Hawley geometric norms for the ar-
cade) than on an objective of func-
tional balance.

Nowadays, the face is no longer 
seen as a collection of cephalometric 
angles, but as an organ. And a living 
organ. It can no longer be analyzed 
in two dimensions, but rather in four, 
the most important of which is the 
fourth: time; the face is constantly 
changing, from youth to age, and 
from the end-of-treatment alignment 
to   elderly dentition.

Retention devices only last for a 
certain (short) time, before the form 
of the face and arcades comes un-
der the sway of facial function and 
tension. This is why, at end of treat-
ment, functional flexibility has to be 
easy enough and effective enough to 
maintain the morphological elements 
on which it is based. However, func-
tional ease conversely depends on 
favorable morphological conditions. 
And moreover, the interdependent 

whole constituted by form and func-
tion obviously has to be adapted to 
the individual and the type of maloc-
clusion treated.

Life, as Bichat put it, is that set of 
functions that counters death, and 
there are functions that counter facial 
aging. According to Talmant, DFO is 
the specialty that places teeth and 
jaws in the position in which aging 
will proceed as well as possible16.

Treatment should be inspired by 
the aim of achieving lasting results 
as much as of improving function 
and appearance; this is an inte-
gral part of orthodontic treatment, 
which cannot be designed to be 
ephemeral.

Concretely, this aim of maintaining 
results and helping resist aging takes 
the form of morphological and behav-
ioral measures included in the treat-
ment plan, achieved in implementing 
treatment, maintained by means of 
retention, checked after retention, 
and kept steady lifelong.

TREATMENT PLAN

For treatment effects to be lasting, 
the treatment plan should meet cer-
tain requirements.
– It should be based on complete di-

agnosis: if etiology cannot be iden-
tified, the cause, which is often 
functional, will persist, leading to 
relapse.

– It must be realistic: the most  
ambitious treatments are also  
the least stable. Implementing 
alveolar compensation when  
surgery is indicated is highly 
risky.

– Maintaining treatment effects often 
involves behavioral rehabilitation, 
which may be long and difficult. 
Firm consent by a well-informed 
patient is indispensable.

– Planning should take account of par-
ticularities of head shape (small face, 
oral orifice size, muscle strength, 
etc.), goodness of match between 
statural growth and dental age, and 
the type of facial growth: there is no 
one “standard” treatment”.

– The particularities of the various 
functions should be looked into 
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and taken into account: notably, 
symmetry of facial expression, 
respiration and mastication: there 
is no “one-size-fits-all” rehabilita-
tion.

– According to most authors (Kero-
suo5, Rollet15), early treatment en-
sures greater stability.

– Deciding to reduce dental mate-
rial or not, by extraction or cor-
onoplasty, should take account of  
long-term stability, as should the 
choice of teeth for extraction. If 
only maxillary extraction is planned, 
long-term mandibular growth may 
induce diastemas between the 
maxillary incisors.

– Pre-treatment incisor remodeling 
should not be based on purely 
esthetic considerations, but also 

eliminate causes of instability. Dis-
proportion between maxillary and 
mandibular incisors should be cor-
rected by coronoplasty; marginal 
crests that may persist on the lin-
gual sides of the maxillary incisors 
impair mandibular incisor position-
ing and should be milled down 
(Philippe11).

– Arcade shape should not be dictat-
ed, as used to be the case, by geo-
metrical theories, or, as presently, 
by esthetic considerations without 
regard for functional balance.

– It is unwise to plan wide arcades in 
a narrow face.

– The opinion of relevant profession-
als (ENT, surgeon, physiotherapist, 
prosthetist) should be sought at the 
appropriate time.

ACTIVE TREATMENT
The mistakes in treatment that 

most often impair stability are the fol-
lowing:
– Lack of rehabilitation: not all dys-

functions and negative behaviors 
are corrected. 

– At end of treatment, maximal  
intercuspal occlusion corresponds 
poorly to the centered relation.  
A discrepancy between these  
two positions entails risk of tem-
poromandibular joint disorder, 
dental wear and recurrence of mal-
occlusion due to mandibular with-
drawal.

– Symmetry of mastication, lateral 
sliding and the occlusal plane in 
frontal view have not been restored.

– Arcade form is considerably altered 
without corresponding change in fa-
cial balance.

– The arcade has been remodeled ac-
cording to a “standard”, and does 
not match the patient’s facial anat-
omy or physiology.

– Intercuspation is inexact. Notably, 
the mesiolingual maxillary molar 
cusps are not centered on the man-
dibular molars but on a cuspid side, 
displacing them (see note n° 2 and 
fig. 1).

– Closed bite may be corrected by 
incisor intrusion or vestibular ver-
sion (fig. 2), molar extrusion or a 
combination of the three. Intru-
sion is the least subject to mus-
cle action, and seems most stable 
(Varlik17). Correcting closed bite by 
continuous curved elastic arches 
in the vertical plane shows high 
risk of relapse, inducing incisor 
version with extrusion only of the 
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premolars, which are both factors 
of relapse.

– Strong rotation should have been 
slightly overcorrected (see note  
n° 5).

– Several overcorrections remain at 
end of treatment, preventing bal-
anced occlusion; this should be 
avoided (see note n° 5) .

Figure 2 
Incisor vestibular version reduces overlap. It is a 

“pseudo-intrusion”, according to Burstone; no forces 
counter maxillary incisor extrusion.

RETENTION

Retention aims to prevent the liga-
ment and gum fibers, stretched or 
compressed by orthodontic displace-
ment, from returning the tooth to its 
former position.

A wide variety of mechanical de-
vices enable such retention10,11, and 
should:
– be applied immediately: the move-

ment toward relapse begins  
2 hours after removing the active 
device (Reitan, confirmed in 2013 
by Franzen4);

– be designed to resist foreseeable 
displacement precisely: a wire 
glued from canine to canine will 
not maintain molar expansion, and 
a Hawley plate will not maintain ca-
nine rotation;

– be fixed: removable devices are 
too  accident-prone, which may 
ruin the results of the best treat-
ment. If a removable device is 
absolutely required, the patient 
should be given two of them, to al-
ternate10;

– Treatment should, also and above 
all, ensure means adapted to the 
malocclusion being treated: see be-
low, “Control of stabilizing factors”.

Figure 1
(From Marguelles-Bonnet and Yung, Pratique de 
l’analyse occlusale et de l’équilibration, Ed. CdP.) 

Balanced contact (tripodal) of mesiopalatal cusp in 
opposite fossa. Contact on a single side would induce 

parasitic forces and tooth displacement.
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– remain in place until the desmo-
dontal and gingival fibers cease to 
exert traction or pressure: i.e., until 
they get reorganized, in view of al-
veolar bone apposition/resorption. 
This takes at least 2 or 3 years, and 
probably longer in adults and for ro-
tations.

It should be borne in mind that 
many devices that are used provide 
only partial retention, be it in space 
(wire glued from canine to canine) 
or time (device abandoned before 
desmodontal fiber reorganization is 
complete), or intentionally (no devic-

es, except positioners, maintain in-
terarcade relations). Partial retention 
means stability that is limited in space 
or time. In practice, the extent and du-
ration of retention represent a com-
promise between desired stability,  
discomfort and the desire to finish 
treatment as soon as possible. (Here 
would be a good place for a section 
on applied psychology, applied to the 
practitioner, the patient and the fam-
ily; but we have neither the space nor 
the expertise.)

Research has been done to find a 
process that would activate desmo-
dontal fiber reorganization.

CONTROL OF STABILIZING FACTORS

Control seeks to check, pursue 
and complete what has been done 
in drawing up and implementing the 
treatment plan and by retention, with 
a view to maintaining outcome.

As we are talking about long-term 
results, it makes more sense to put 
our trust in morphologic and behav-
ioral factors than in mechanical sys-
tems that often go wrong.

Most factors are achieved by ac-
tive treatment and can be checked 
only at this stage; but others, such 
as behavioral change, can be pur-
sued during retention, while yet oth-
ers, such as occlusal balance, can be 
achieved with greater precision only 
once the apparatuses are removed.

The factors vary somewhat accord-
ing to the type of dysmorphism.

•	Maintaining	 endognathic	 and	 en-
doalveolar treatment effects pre-
supposes:

– day- and night-time nasal respira-
tion (role of ENT);

– tongue remaining within the ar-
cades at all times (swallowing, 
enunciating, sleeping, etc.);

– active mastication (chewing-gum);
– mastication balanced between left 

and right, in principle by alternat-
ing movements; this may require 
adapting the lateral cusps (Pla-
nas);

– arcade width matching the shape of 
the face;

– well-matched mandibular and max-
illary arcade widths;

– no molar vestibular version after ex-
pansion;

– relaxed facial envelope activity:  
early onset of nasolabial folds is a 
bad sign.

The first 4 points, and the last 
(which is progressive), should be 
checked periodically throughout life.
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•	Maintaining	 treatment	 effects	 in	
tooth-arcade dysharmony (e.g., 
DMD) presupposes:

– frequent tongue pressure against 
the mandibular incisors, with ar-
cades closed (see note n° 1);

– good neutralization of facial enve-
lope muscles (attention to tics and 
facial expression);

– harmony between mandibular and 
maxillary tooth dimensions (Bolton 
index), which should have been ren-
dered proportional by coronoplasty 
at start of treatment;

– low anterior tooth overlap (see note 
n° 1 and fig. 3);

– precise intercuspation, especially 
molar (see note n° 2 and fig. 1);

– perfect occlusal balance, in maxi-
mum intercuspation and function 
(see note n° 3);

– root parallelism, in case of extrac-
tion;

– mandibular incisor beveling, in case 
of coronoplasty (fig. 4);

– long mechanical retention of rota-
tion (wire glued to 2 adjacent teeth).

All these points should be periodi-
cally checked throughout life.

•	Maintenance	 of	 closed	 bite	 treat-
ment presupposes:

– tip-to-tip incisor contact in forward 
and lateral sliding (fig. 5), the fre-
quency of which can be seen from 
wear facets appearing on the inci-
sor edges and the reciprocal adap-
tation of maxillary and mandibular 
incisors when positioned tip to tip: 
tooth extrusion is stopped only by 
an opposing force11,12;

– in the absence of such contact, 
after checking that it is not being 
prevented by occlusal interference, 
a little cingular block should be 
maintained on the anterior incisors 
throughout life (fig. 6);

– growth in strong anterior rotation is 
another indication for fitting a cingu-
lar block;

– correction of closed bite by incisor 
intrusion is more stable than by inci-
sor vestibular version (fig. 2) or mo-
lar extrusion (Varlik17).

– NB: slight lingual interposition while 
pronouncing sibilants can ensure 
retention of closed bite.

Figure 3 
With increasing overlap, mandibular incisors and 

canines tilt lingually, inducing incisor malpositioning 
and decreased intercanine distance in the mandible.

Figure 4 
(From Barrer, Revue d’ODF 1975;9:363-72.) Mandibu-
lar incisor beveling to prevent recurrence of rotation.
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– achieving all the above endognathic 
and endoalveolar points;

– good (almost coinciding) relation 
between occlusion in maximal  
intercuspation and centered rela-
tion (fig. 7): if this is satisfactory, 
malocclusion treatment is gener-
ally maintained by the final phase 
of mandibular growth, which con-
tinues longer than maxillary growth 
(see note n° 4);

– repeated contact between upper 
and lower lips, reinforced if need be 
by appropriate exercises;

– maintaining the vestibulo-distal ro-
tation of the maxillary molars, as 
classically in non-extractive treat-
ment of class II (very important);

– precise, deep intercuspation (see 
note n° 2 and fig. 1);

– mastication exercises (chewing-
gum);

– NB: A small interincisor angle (in-
cisor vestibular version) reduces 
overlap (fig. 2). Occlusal contact 
then tends to shift the maxillary 
incisors increasingly toward ves-
tibular version, while opposing no 
force against their natural extru-
sion. If the orbicular is not active, 
the incisors will tilt and continue to 
extrude, without increasing over-
lap. If the orbicular is active, they 
will move backward in straighten-
ing, and overlap will increase, with 
recurrence of closed bite.

The first two points progress nat-
urally, and need periodic checking 
throughout life.

•	Maintaining	 class	 II,	 div.	 1	 maloc-
clusion treatment effects presup-
poses:

Figure 5 
Tip-to-tip incisor contact exerts force opposing  

extrusion.

Figure 6 
Cingular block, positioned during retention wire glu-
ing. This little occlusal face opposes incisor extrusion 

in the absence of tip-to-tip contact.
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– good occlusion plane orientation 
(raised forward, lowered backward).

All these points need periodic 
checking throughout life.

•	Maintaining	 class	 III	 malocclusion	
treatment effects presupposes:

– including in the treatment plan the 
disastrous effect of the final man-
dibular growth spurt;

– day- and night-time nasal respira-
tion (role of ENT);

– secure vertical dimension, increase 
in which induces posterior rotation 
of the mandible: no extraction, no 
milling, no mastication exercises 
(no chewing-gum);

– good occlusion plane orientation 
(lowered forward, raised backward) 
(Raymond14) ;

– if the mandibular molars have been 
extruded (to increase the vertical di-
mension and incline the occlusion 
plane), the extrusion needs sup-
porting, keeping the wisdom teeth, 
which have plenty room in a large 
mandible;

– precise, deep intercuspation (see 
note n° 2) with increased incisor 
overlap.

ALL LIFE LONG

The functional balance achieved 
by the above measures has to be 
checked and maintained all life long.

•	Morphological	 and	 behavioral	
checks (stability of results, occlusal 
balance, absence of harmful be-
havior, and functional symmetry) 
should be made regularly, through-
out life, just as descaling is neces-
sary all life long. The cingular blocks 
are subject to wear by mastication, 
and need periodic renewing.

•	Daily	exercises	may	have	been	pre-
scribed, such as lingual pressure 

on the incisors: these form part of 
daily oral hygiene.

•	Glued	cast	splint.	There	is	a	device	
that prevents tooth displacement 
under desmodontal fiber traction 
and ensures arcade stability even 
when the above-listed maintenance 
conditions are not all met: a cast 
metal (i.e., rigid) glued splint.
This device is suited only to adult 

dentition, but usually meets objec-
tives; however, it fails to maintain 
anteroposterior arcade relations, and 
entails a major risk: partial detach-
ment. we have encountered one such 

Figure 7 
(From Legall MG and Lauret JF, Occlusion et  

fonction, Ed. CdP.) In B, centered relation of condyles 
in glenoid cavity.
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the splint but on the teeth, the splint 
tends to detach. Contact should 
therefore be on the splint directly, 
complicating design.

This splint provides long-term re-
tention, without taking account of 
physiological factors which, without 
the splint, would lead to recurrence. 
There is a fear (without evidence, to 
our knowledge) that the persistence 
of these factors may be harmful for 
the periodontium or temporomandib-
ular joint.

device, glued to the whole maxillary 
arcade, but unglued from the central 
incisor. Severe decay developed that 
could not be treated with the splint 
in place, and the splint could not 
be removed due to the condition of 
the posterior periodontium. This just 
goes to show how carefully these de-
vices need to be designed, produced, 
glued and balanced.

If occlusal contact, whether cen-
tered or functional, is applied not on 

CONCLUSION

In 2000, we published a little book 
on recurrence and retention11, with 
two final pages of conclusions, begin-
ning as follows: “Stability of results 
should be sought, first and above all, 
by the treatment and then by reten-
tion. There can be no stability if diag-
nosis is incomplete, if the treatment 
plan is not drawn up with stability in 
mind, if the morphological result is 
not adapted to functional forces, and 
if intercuspation is not balanced. Re-
tention, as much as treatment, has to 
be specifically adapted to each case, 
and should last as long as it must.”

This advice was followed by  
M. Saadia’s story of “Six blind men 
and the elephant “.

Neither the advice nor the story 
seem outdated.

NOTE N° 1. Incisor malpositioning
One feature of facial aging is 

an increase in lip pressure on the 
incisors and canines, starting at the 
end of adolescence (centripetal drift).

Young people’s lips are usually 
fleshy, soft and seemingly flourish-
ing. With adulthood, they become 
thinner and exert stronger pressure 
on the anterior arches of both ar-
cades. The upper lip lengthens, as 
the tip of the nose drops (Behrents2), 
and pressure moves downward. This 
increased centripetal labial pressure 
is not compensated by an increase 
in centrifugal lingual pressure. On 
the contrary, suprahyoid muscle 
strap ptosis, which comes into play 
before the age of 40, and reduced 
submaxillary gland volume drive the 
tongue backward from its usual po-
sition. Consequently, the incisors 
withdraw, malpositioning appears 
and intercanine distance diminishes 
in both arcades. If overlap increases 
due to lingual version of the maxil-
lary incisors, or for any other reason, 
there is less and less room for the 
mandibular teeth and intercanine 
distance diminishes more in the 
mandible than in the maxilla (fig. 3).
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These are average tendencies, 
with wide individual variation. We 
have encountered subjects whose 
incisor alignment never changed over 
the years; but we have also treated 
women at the age of 40 whose 
incisors were perfectly well aligned 
in their 20s.

There are 4 means of countering 
this trend.

1) Restoring labio-lingual muscle 
balance by a very easy and discreet 
exercise: press the tongue strongly 
against the incisors, several times 
a day, with the arcades closed 
tight. So as not to get forgotten, 
the exercise can be combined 
with some repetitive physiological 
action.

2) Trusting dental arcade resist-
ance: in architecture, an arch can 
bear considerable weight. This 
presupposes perfect alignment 
of the points of contact of the 6 
anterior teeth of both arcades. 
By precaution, mandibular arch 
resistance can be strengthened 
with a 33-43 wire, removed and 
replaced every 3 years; a round  
0.7-mm wire is preferable to a 
twisted wire.

3) Avoiding increased overlap, which 
leaves less room for the mandibular 
incisors (fig. 3). Excessive overlap 
prevents good alignment of 
mandibular incisors that are not 
microdontal. In practice, this may 
mean fitting a cingular block (fig. 6).

4) Regularly applying the individual 
positioner at end of treatment.

These recommendations should be 
followed life-long.

NOTE N° 2. Intercuspation in 
maximum occlusion

Intercuspation interrelates the 
arcades and is an important factor in 
maintaining occlusion relations.

A principal factor is the contact 
between the maxillary molar me-
siopalatal tip and the central fossa 
of the mandibular molars (fig. 1).  
Contact can be assessed from the 
trace left by articulating paper or a silk 
ribbon; otherwise, there is a problem, 
as cusp tip position cannot be seen 
within the mouth. Is it too high, too 
forward, too backward? Only molding 
(which can be limited to the occlusal 
sides) can judge. Also, with an edge-
wise arch (a reciprocal anchoring sys-
tem), it is very hard to displace the 
palatal cusps of both maxillary molars 
into the fossa of both mandibular mo-
lars. This is why intercuspation often 
fails to be achieved, because it can-
not be seen - yet occlusion remains 
unstable !

Canine occlusal contact, ensur-
ing lateral blocking, should also be 
checked, balanced and rendered 
symmetrical by milling or introducing 
composite.

The best device for finishing and 
intercuspation is a positioner in rub-
ber (the only really elastic material) 
following an individual set-up on 
an adapted articulator. If the im-
pression is taken before removing 
the brackets and the device is po-
sitioned just after, wearing it con-
tinuously for one weekend is highly 
effective. It may thereafter be worn 
part-time or replaced by a more con-
venient, less visible device. There is 
no such thing as a “standard” posi-
tioner.
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and passing through unilateral 
tip-to-tip incisor contact; 
Symmetric functional movement, 
especially in facial expression and 
mastication, should be carefully 
checked.

4) Although occlusal balance should, 
in theory, be ensured by treatment 
and finishing (positioner), post-
treatment rebalancing of both 
static and dynamic occlusion by 
milling and composite greatly helps 
reduce unwanted subsequent 
displacement.

NOTE N° 3. Occlusal balance
This is a complex issue. Here, we 

shall just look at a few points:
 

1) Mandible position in maximum 
intercuspation should coincide 
with that in an anteroposteriorly 
and, more strictly, transversally 
centered condyle relation (fig. 7). 
Occlusal prematurity deviating 
the mandible in maximum 
intercuspation does not correspond 
to a centered relation and should 
be carefully screened for and 
eliminated by displacing or milling 
the culprit tooth.

2) At end of treatment, occlusal con-
tacts should be numerous and 
well-distributed over the arcades. 
The same holds true for each indi-
vidual tooth: a molar with occlusal 
contact limited to one mesial or dis-
tal crest (fig. 8) is obviously unbal-
anced, and will move13. This needs 
correcting by milling, if contact is 
premature, or, more frequently, by 
introducing composite on the non-
functional crest (fig. 9).

 The “classic authors” have, with a 
wealth of detail, described all the 
orientations, relations and posi-
tions that teeth should have for 
perfect occlusal balance. Their 
theories have recently been well 
summarized by Fourquet3. All de-
serve respect, and all are exact so 
long as tooth shape and function 
match theory; otherwise, they are 
all wrong.

3) Forward slide should be guided 
by the incisors, enabling tip-to-
tip incisor contact. Lateral slide 
should be symmetrical (Planas), 
guided by the vestibular cusps 
of the teeth on the working side, 

Figure 8 
Molars in distal version have occlusal contact only on 

the mesial crest, inducing mesial version.

Figure 9 
Molars in distal version can be rebalanced by intro-

ducing composite to restore distal occlusion contact.
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NOTE N° 4. Correction of class II, 
div. 1 malocclusion

The anatomic effects of correcting 
class II, div. 1 malocclusion are 
several.
1) The maxilla and nasal cavities are 

affected by treatment (maxillary 
disjunction) and by nasal breathing, 
jointly achieved by ENT and 
orthodontist.

2) The alveolar-dental structures of 
both arcades are displaced in coun-
ter-directions by treatment, wheth-
er functional or mechanical. These 
displacements tend to relapse, and 
can only be maintained by a reten-
tion device including both arcades 
(positioner) and/or precise and 
deep intercuspation, reinforced by 
powerful mastication (Antonara-
kis1) (chewing-gum).

3) Mandibular growth or, more exactly, 
the posteroanterior difference 
between mandibular and maxillary 
growth, is not subject to relapse. 
It is inconstant, uncontrolled by 
treatment, and may show late 
onset. It usually has positive 
impact, compensating alveolar-
dental relapse and inducing mental 
advancement. These effects may 
be reduced by posterior rotation 
of the mandible, possibly due to 
treatment. Whatever the treatment, 
maximum intercuspation occlusion 
should more or less coincide with 
a centered condylar relation, at 
end of treatment or later (end of 
retention). This relation should 
be especially carefully checked 
if treatment involved temporarily 
positioning the condyle forward 

of the centered position (use of 
activator, connector, etc.), counting 
on growth to recenter the condyle.

4) The greater the inclination of the 
occlusion plane, downward in front 
and backward behind, the more the 
occlusal forces push the maxillary 
arcade forward and the mandibu-
lar arcade back. At the very least, 
treatment should not aggravate 
this inclination.

NOTE N° 5. Overcorrection
Reitan recommended displacing the 

tooth beyond the target position, to 
stretch the ligament fibers as much as 
possible, then bringing the tooth back 
on target. Stretched ligament fibers 
are less liable to induce recurrence. 
This overcorrection during treatment 
is particularly recommended for 
rotation, which is highly subject to 
recurrence under ligament traction.

Many classical authors recom-
mended ending treatment with the 
teeth in overcorrection, to preven-
tively compensate relapse: it was 
recommended to overcorrect rota-
tion, leave molars in distal version, 
flatten the Spee curve and reduce in-
cisor overlap, counting on relapse to 
sort things out. In our view, causing 
interference, creating imbalance and 
destroying the incisor guide is no way 
to enhance stability: balanced occlu-
sion is more stable than unbalanced 
occlusion, and clearing the way for 
relapse is playing with fire.
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