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Mandibular incisor alignment in
untreated subjects compared with
long-term changes after orthodontic
treatment with or without retainers
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Introduction: The aim of this work was to analyze the dental and skeletal changes in patients treated with fixed
orthodontic appliances with or without retention appliances, and to compare the changes with untreated sub-
jects. Specifically, mandibular incisor irregularity was analyzed.Methods: A total of 105 children who had un-
dergone orthodontic treatment with fixed appliances in both jaws were examined in 2 groups: 64 had a lingual
mandibular retainer and 41 had no retainer. Retention time was 2.7 6 1.5 years. The untreated group con-
sisted of 25 subjects. Measurements were done on study casts and lateral head radiographs before and after
treatment and 6 and 12 years after treatment. The Little irregularity index (LII) was the most important variable.
Results: No differences were found in LII 12 years after treatment between the group that had a retainer and
the group without a retainer after treatment. In the untreated group, LII was increased over time, but not to the
same extent as in the treated groups. Correction of overjet and overbite was stable long-term. At the last
examination, the amount of overjet was almost the same in all 3 groups. Conclusions: The routine use of
mandibular retainers for 2 to 3 years does not appear to prevent long-term relapse. If the patient wants to
constrain natural development and changes, lifelong retainers are needed. (Am J Orthod Dentofacial
Orthop 2019;155:234-42)
After orthodontic treatment, one challenge is to
keep the teeth in their new positions and avoid
relapse. More specifically, the alignment of the

mandibular incisors after treatment has become an
issue in orthodontics. After the retainer has been
removed, the mandibular incisors tend to move back
to nearly the same position they were in before
treatment.1-4 However, some of the posttreatment
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changes can be explained by relapse, and others ex-
plained by the continued growth and compensatory
eruption and migration of the teeth.5 Changes occur-
ring up to 1 year after retention are likely to be a com-
bination of true orthodontic relapse and late-growth
changes.

The etiology of the undesirable incisor irregularity
changes is complex. Mandibular incisor irregularity is
both unpredictable and variable. Many possible interact-
ing factors are likely, such as tooth size, arch form, forces
from the periodontal fibers, deflecting occlusal contacts,
facial growth patterns, continuing late growth, and a
mesially acting force emanating from the back of the
dental arch.6-8

Increased mandibular incisor irregularity seems to be
a continuous process throughout life even in untreated
patients.9-11 The natural physiologic changes during
aging cause changes like those that occur after
orthodontic treatment and the removal of retainers.
Nevertheless, the question remains of whether the
posttreatment changes are a result of relapse or the
normal aging and maturational process.

Some studies have compared mandibular irregularity
in treated and untreated patients over a long term.12-14
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However, very few long-term studies, if any, have
compared patients who have had a bonded lingual
retainer with a group without a retention appliance after
treatment and then compared those patients with an un-
treated group. The aim of the present retrospective lon-
gitudinal study was to analyze the dental and skeletal
changes in patients treated with fixed orthodontic appli-
ances with or without retention appliances, and to
compare the changes with a group of untreated subjects.
Specifically, mandibular incisor irregularity was studied.
The hypothesis was that the long-term mandibular
incisor irregularity for the treated group without re-
tainers would be higher than for the group with re-
tainers, and that both groups who have had
orthodontic treatment would have a higher amount of
irregularity than the untreated group.

SUBJECTS AND METHODS

Three different groups were included (Table I), and
long-term records were required for participation in
the study. Sample exclusions were single arch treatment,
orthognatic surgery treatment, cleft lip or palate, and
agenesis or extraction of anterior teeth. This was a retro-
spective investigation, and no cases were added or
excluded after applying the inclusion criteria.

The group with retainers consisted of 64 children (23
boys and 41 girls) who had orthodontic treatment with
fixed appliance in both jaws. After treatment, the reten-
tion appliance for the mandibular anterior segment was
either a canine-to-canine retainer (0.028 inch, spring
hard wire bonded to the canines only) or a Twistflex
retainer (0.0195 inch, bonded to all mandibular incisors
and canines). Both retainers were custom-made in the
laboratory and were bonded with composite. The 2
different retainer types have been evaluated in an earlier
study,2 and it was reported that no differences were
found between them concerning their capacity to keep
the mandibular incisors aligned in a long-term perspec-
tive. Therefore, in this study the 2 types of bonded re-
tainers were merged into 1 group. The mean retention
time for the mandibular incisors was 2.7 6 1.50 years.
The maxillary arch had a removable appliance for
retention.

The nonretention group consisted of 41 patients
(17 boys and 24 girls) with orthodontic treatment
similar to the retention group, except that no retention
appliance was used for the mandibular anterior
segment after treatment. The decision to leave the
treated patients without retention in the mandible
was made by the orthodontists who treated the pa-
tients. This group also had a removable appliance in
the maxilla for retention.
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The orthodontic treatments were performed at the
Department of Orthodontics, Institute for Postgraduate
Dental Education, J€onk€oping, Sweden, from 1980 to
1995. The patients received orthodontic treatment for
Class II malocclusions, large overjet, crowding, or deep
bites. The treatment consisted of fixed edgewise appli-
ances (0.018 inch) in both jaws, and both extraction
and nonextraction cases were included. Extractions
were carried out in 71 patients (68%), and 34 patients
(32%) were treated without extractions. There were
exactly the same proportions of extraction and nonex-
traction cases in the groups with and without retainers.

Expansion of the intercanine width during orthodon-
tic treatment was avoided, and no interproximal enamel
reduction or circumferential supracrestal fiberotomy was
performed in the groups who had undergone orthodon-
tic treatment.

The untreated group comprised 25 patients (14 boys
and 11 girls) who were age matched with the subjects in
the 2 other groups. In this group, the subjects had Class I
occlusion with normal overjet and overbite and with mi-
nor or no crowding. This group was also recruited from
the same Department of Orthodontics from 1980
to 1995.

Measurements were performed on dental casts with
the use of a sliding digital caliper with an accuracy of
0.01 mm (Mitutoyo 500-171, Kanagawa, Japan). The
measurements for the treatment groups were taken on
4 occasions: before treatment (T0), immediately after or-
thodontic treatment and start of retention (T1), 6 years
after treatment (T2), and 12 years after treatment (T3).

For the untreated group, study casts were available
for the corresponding ages at T0, T2, and T3. In the
retention group, no retention appliance was in place at
T2 and T3. The mean retention time for the mandibular
incisors was 2.7 6 1.50 years.

The main outcome measures (Figs 1 and 2) were the
irregularity index according to Little (LII), the summed
displacement of the anatomic contact points of the
mandibular anterior teeth,15 intercanine width, interca-
nine arch perimeter distance, available mandibular
incisor space (intercanine arch perimeter distance minus
summed tooth width for the 4 mandibular incisors),
lateral arch length, overjet, and overbite. Also, the tooth
width of the mandibular incisors was measured at T0
and T3.

Sagittal and vertical relationships between the jaws
and incisor inclination were evaluated on lateral head ra-
diographs, and the cephalometric reference points and
measurements were assessed according to Bj€ork16 and
Solow17 (Fig 3). All measurements on lateral head radio-
graphs were made to the nearest half-degree or 0.5 mm
ics February 2019 � Vol 155 � Issue 2



Fig 1. The Little irregularity index 5 A1B1C1D1E.

Table I. Mean age (y) and number of subjects (boys and girls) in the retention group, nonretention group, and un-
treated group at the 4 examination time points

Ttime point

Retention group Nonretention group Untreated group

P value

n Age n Age n Age

Total Boys Girls Mean SD Total Boys Girls Mean SD Total Boys Girls Mean SD
T0 64 23 41 12.9 3.27 41 17 24 12.3 1.80 25 14 11 13.4 1.77 NS
T1 64 23 41 15.6 3.44 41 17 24 14.9 2.12 - - - - - NS
T2 62 22 40 21.8 3.55 40 17 23 21.3 2.46 21 11 10 20.5 2.97 NS
T3 52 17 35 27.4 3.47 37 16 21 26.2 2.84 25 14 11 27.0 4.82 NS

T0, before treatment; T1, after treatment; T2, 6 years after treatment; T3, 12 years after treatment; NS, not significant.
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with correction for enlargement. No lateral head radio-
graphs were available at T1 for the untreated subjects.

All examinations and measurements were made by 1
author (U.S.-F.), and because there was no retention
appliance in place at T2 and T3, a blinded evaluation
was possible, meaning that the examiner was unaware
of which of the 3 groups the patients belonged to or if
the casts were taken at T2 or T3.

Statistical analysis

The sample size estimate was based on a significance
level of 0.05 and 80% power to detect a clinically mean-
ingful difference of 1.5 mm (ie, SD 1.5 mm) of LII. The
estimate suggested that 22 patients in each group was
sufficient.

Arithmetic means and standard deviations at group
level were calculated for each variable before treatment
(T0), at the end of active treatment and the start of
retention (T1), 6 years after treatment (T2), and 12 years
after treatment (T3).

The sample was normally distributed according to the
Kolmogorov-Smirnov test. Significant differences in
means within groups and between groups were tested
February 2019 � Vol 155 � Issue 2 American
by means of 1-way analysis of variance, with the use
of the Statistical Package for Social Sciences (version
22.0; SPSS, Chicago, Illinois). P values of \5%
(P\0.05) were considered to be statistically significant.
When significant differences were found between
groups, the Bonferroni correction was used.

A regression analysis was performed for Little's Irreg-
ularity Index to assess if LII at T3 was dependent of LII at
T0 and to relate mandibular incisor inclination (L1/ML)
to changes in Little's Irregularity Index.

Error of the measurements

The same examiner measured 24 randomly selected
cases at 2 separate occasions with a $4-week interval.
The mean error of the measurements according to the
Dahlberg formula18 for the linear variables was
0.1 mm. The largest measurement error was 0.5 mm
for intercanine width, 0.5 mm for intercanine perimeter
distance, and 0.5 mm for left lateral arch length. Error
measurements for the cephalometric angular variables
averaged 0.8�. The greatest measurement error was
noted for the maxillary incisor inclination: 3.3�.

No significant differences between the 2 series of
records were found with the use of paired t test in
most the measurements, except for left lateral arch
length (range �0.1 to 0.5), available space (range
�0.3 to 0.2), tooth width 32 (range �0.1 to 0.1), tooth
width 41 (range �0.1 to 0.1), and L1/Apg (range �0.1
to 1.3). The systematic error was within the boundaries
given above.

RESULTS

The distribution of age and sex is presented in
Table I. No significant difference in age at T0 between
the 3 groups could be found; however, there were
more girls in the 2 treated groups than in the
untreated group.

No significant differences in mandibular incisor ir-
regularity between the retention and nonretention
Journal of Orthodontics and Dentofacial Orthopedics



Fig 2. Variables measured on dental casts.

Fig 3. Cephalometric reference points and lines.
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groups at T3 (12 years after treatment) were found.
However, significant differences were found between
the untreated and the 2 treated groups at T3 (Table II).
The untreated group had less LII at baseline (T0) and
American Journal of Orthodontics and Dentofacial Orthoped
at the last examination (T3). At T0, LII was less for the
untreated group compared with the retention group.
The multiple regression analysis revealed that LII at T2
was the only variable that could explain LII at T3
ics February 2019 � Vol 155 � Issue 2



Table II. Mean values and number of subjects for 12 variables at the 4 examination time points, measured on study
models and the differences in mean values among the 3 groups

Variable Time point

Retention group (1) Nonretention group (2) Untreated group (0)

P valueMean SD Mean SD Mean SD
Little irregularity index T0 4.59 3.16 3.86 2.88 1.90 1.38 0s1*; 0s2z

T1 1.72 1.20 2.01 1.40 – – NS
T2 3.29 2.08 3.82 2.20 2.80 1.82 NS
T3 4.26 2.39 4.60 2.11 2.87 1.79 0s1*; 0s2*

Available space, lower 3-3 T0 �1.98 2.53 �0.83 2.02 �0.03 1.44 0s2z; 1s2*
T1 �0.10 0.37 0.04 0.07 – – NS
T2 �0.99 1.00 �0.99 1.14 �0.88 1.11 NS
T3 �1.60 1.26 �1.46 1.35 �0.86 1.24 NS

Intercanine width T0 25.91 1.83 26.37 1.45 26.69 1.67 NS
T1 25.96 1.65 26.12 1.30 – – NS
T2 25.40 1.57 25.97 5.28 26.21 1.97 NS
T3 24.94 1.65 25.04 1.68 25.53 1.95 NS

Intercanine arch perimeter distance T0 23.85 1.40 24.42 1.67 24.40 1.32 NS
T1 24.45 1.45 24.51 1.58 – – NS
T2 23.63 1.43 23.48 1.41 23.82 1.15 NS
T3 23.00 1.61 23.13 1.45 23.08 1.58 NS

Lateral arch length left 2-6 T0 20.29 2.52 20.31 3.18 21.91 1.20 0s1*; 0s2*
T1 19.18 3.45 18.50 3.69 – – NS
T2 18.73 3.54 18.02 3.78 21.45 0.87 0s1y; 0s2*
T3 18.61 3.48 17.68 3.88 20.62 1.23 0s1y

Lateral arch length right 2-6 T0 19.97 2.44 20.54 2.37 21.98 1.14 0s1*; 0s2z
T1 19.02 3.47 18.09 3.59 – – NS
T2 18.50 3.55 17.52 3.74 21.44 1.04 0s1y; 0s2*
T3 18.29 3.54 16.95 3.85 19.67 4.38 0s1*

Tooth width 32 T0 6.18 0.36 6.15 0.38 6.02 0.43 NS
T3 6.13 0.37 6.19 0.35 5.96 0.43 NS

Tooth width 31 T0 5.61 0.33 5.53 0.34 5.46 0.41 NS
T3 5.55 0.34 5.51 0.32 5.36 0.39 NS

Tooth width 41 T0 5.56 0.34 5.57 0.39 5.52 0.42 NS
T3 5.50 0.35 5.53 0.39 5.39 0.42 NS

Tooth width 42 T0 6.12 0.42 6.12 0.36 5.98 0.44 NS
T3 6.07 0.42 6.13 0.35 5.90 0.49 NS

Overjet T0 7.00 3.20 6.36 4.41 3.64 1.52 0s1y; 0s2z
T1 3.26 1.03 3.37 1.20 – – NS
T2 3.77 1.63 3.28 2.07 3.06 1.33 NS
T3 3.81 1.67 3.30 2.45 3.43 1.95 NS

Overbite T0 3.59 2.18 2.72 2.55 3.33 1.57 NS
T1 2.41 1.09 2.34 1.15 – – NS
T2 2.76 1.56 2.38 1.69 2.20 1.32 NS
T3 2.91 1.51 2.38 1.61 2.57 1.55 NS

*P\ 0.05; yP\ 0.01; zP\ 0.001.
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(P5 0.000). However, the incisor irregularity at T3 could
not be predicted by LII at T0.

There was a significant difference at T0 in available
space between the nonretention and retention group,
with means of �0.8 mm and �2.0 mm, respectively.
Also at T0, the available space was significant less in
the 2 treatment groups compared with the untreated
group. However, after 12 years (T3), no significant dif-
ferences between the 3 groups were found.

The intercanine width had not increased during the
orthodontic treatment. There were no differences found
February 2019 � Vol 155 � Issue 2 American
among the 3 groups at baseline or throughout the obser-
vation period.

The intercanine arch perimeter distance was slightly
increased in the treatment groups from T0 to T1. After
T1, the distance decreased in all 3 groups.

Lateral arch length was significantly larger in the un-
treated group compared with the 2 treatment groups,
except at T1 (Table II).

There were no statistical significant differences in
tooth width for the 4 mandibular incisors among the 3
groups and over time.
Journal of Orthodontics and Dentofacial Orthopedics
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Overjet was reduced during treatment for the 2 treat-
ment groups, and the reduction in overjet corresponded
to the amount of overjet for the untreated group at T0.
At T2 and T3, the overjet stayed fairly the same in all 3
groups. The same development could also be seen for
the overbite.

Results for the cephalometric variables are presented
in Table III; a small number of significant intergroup dif-
ferences were found. After treatment (T1), the mandib-
ular incisors were significantly more proclined in the
retention group compared with the nonretention group.

The multiple regression analysis showed that the
change in incisor irregularity (LII) from T0 to T3 was ex-
plained in 10.4% by the change of incisor inclination
(L1/ML) from T0 to T3 (P 5 0.004).

DISCUSSION

The most important and main result 12 years after
treatment was that mandibular incisor irregularity re-
vealed no significant differences between the nonreten-
tion and retention groups. Furthermore, in the 2
treatment groups, the irregularity of the incisors was
almost at the same level before and 12 years after treat-
ment.

Consequently, the hypothesis that long-term
mandibular incisor irregularity for the treated group
without retainers would be higher than for the group
with retainers could not be confirmed. However, the hy-
pothesis was partly confirmed in that both treatment
groups had a higher amount of irregularity than the un-
treated group at the 12-year follow-up.

Freitas et al14 also confirmed our findings that post-
treatment change of the mandibular anterior crowding
was greater in a treated group compared with mandib-
ular crowding caused by physiologic changes in an un-
treated group, although the observation period was
only 5 years. Moreover, another sample of untreated
subjects was found to fall in line with our result that
incisor irregularity changes were similar in nature but
lesser in extent than post-retention changes found in a
sample of treated cases.19

In the present study, most of the changes in the irreg-
ularity of the mandibular incisors in the treated groups
occurred from 14.9 to 21.8 years of age. Similar findings
were shown in a study20 of untreated subjects, with most
of the mandibular incisor crowding occurring during the
late teens and early 20s. In addition, other studies have
shown equal physiologic changes in the mandibular
incisor alignment in orthodontically treated patients
compared with untreated patients. From late adoles-
cence through early to middle adulthood, mandibular
incisor irregularity increased similarly in both untreated
and treated subjects.5
American Journal of Orthodontics and Dentofacial Orthoped
The crowding before treatment did not explain the
crowding at the last examination, because LII 6 years af-
ter treatment was the only variable that explained LII
12 years after treatment. Studies have shown that
relapse of dental crowding depends on initial crowd-
ing.21,22 In our study, the explanation value for this
was low.

Correction of overjet and overbite was stable over the
long term. At the last examination, the amount of over-
jet was almost the same in all 3 groups. Eslambolchi
et al9 also pointed out that in an untreated group of chil-
dren who were followed for 29.8 years, overjet and over-
bite remained stable.

The arch length variable, intercanine width, and in-
tercanine perimeter distance, decreased in all 3 groups
over time and in the treatment groups also because of
extractions in some cases. For patients treated in this
study, intercanine width did not increase during treat-
ment, which is an important predictor of relapse.23,24

The cephalometric analysis revealed only a small
number of significant intergroup differences. The group
with a retainer had more proclined mandibular incisors
after treatment, but at follow-up no differences among
the groups were found.

Because the mandibular incisor inclination to ML did
not change much over time in any of the groups, this was
probably not a cofactor for increased mandibular incisor
crowding. Thilander25 has claimed that no relationship
has been found between various cephalometric variables
and post-retention changes in mandibular incisor
crowding. Mandibular incisor crowding is also thought
to be related to anterior rotation of the mandible. In
another study, from 2016,26 no associations were found
between different cephalometric measurements, for
example, mandibular incisor inclination (L1/ML) and
changes in incisor irregularity, and this lack of associa-
tion was found in our study as well.

As expected, untreated subjects showed normal
cephalometric values at all examinations. Thordarson
et al27 have shown in an untreated group that the incli-
nation of the mandibular incisors increased over time
from 6 to 16 years of age. However, in our study, the
inclination was almost the same during the entire obser-
vation period.

In our study, there were more girls in the treatment
groups than in the untreated group. The reason could
be that girls are more likely to request or accept ortho-
dontic treatment compared with boys. Nevertheless,
no statistically significant differences between sexes
for LII in the untreated subjects was found.9,10

However, one study has reported certain dental sex-
specific differences such as girls showing more relapse
than boys 10 to 15 years after treatment.28
ics February 2019 � Vol 155 � Issue 2



Table III. Mean values for the cephalometric variables at the 4 examination time points, measured on lateral head
radiographs, and the differences in mean values among the 3 groups

Variable Time point

Retention group (1) Nonretention group (2) Untreated group (0)

P valueMean SD Mean SD Mean SD
SNA, � T0 81.18 3.25 81.64 3.10 82.98 4.99 NS

T1 80.12 3.32 81.41 2.83 – – NS
T2 79.70 3.42 81.95 2.50 81.96 2.66 0s2*,1s2y
T3 79.95 3.62 81.55 3.37 82.49 4.00 0s2*

SNB, � T0 76.30 3.32 77.61 3.82 79.62 3.68 0s2y
T1 76.58 3.65 78.02 3.57 – – NS
T2 76.22 3.99 79.10 3.31 79.98 2.82 0s2y,1s2y
T3 76.74 4.45 78.77 3.76 80.46 2.90 0s2z

ANB, � T0 5.23 3.47 4.03 3.57 3.36 2.74 NS
T1 3.53 1.76 3.38 2.42 – – NS
T2 3.47 2.16 2.93 2.44 1.96 2.15 NS
T3 3.22 2.27 2.77 2.70 2.03 2.53 NS

SN/ML, � T0 34.21 5.58 34.20 5.42 32.12 4.40 NS
T1 33.85 6.50 33.95 4.79 – – NS
T2 32.81 7.35 31.48 5.40 30.19 3.84 NS
T3 33.28 6.88 31.40 6.10 29.65 4.97 NS

ML/NL, � T0 27.61 5.31 27.80 6.16 27.35 3.95 NS
T1 27.51 6.68 27.03 5.83 – – NS
T2 25.48 6.84 24.91 6.43 25.72 4.91 NS
T3 26.21 6.51 24.68 6.95 23.80 4.93 NS

SN/NL, � T0 6.60 3.18 6.40 3.35 4.77 3.61 NS
T1 6.31 3.08 6.91 3.00 – – NS
T2 7.34 3.24 6.94 3.08 4.47 2.68 0s1*,0s2*
T3 7.05 3.38 8.18 8.34 5.86 2.47 NS

U1/NL, � T0 109.34 9.61 113.57 6.96 109.40 5.38 1s2*
T1 104.07 8.17 105.46 9.88 – – NS
T2 107.21 7.93 107.85 7.99 104.59 5.35 NS
T3 106.08 9.89 106.42 8.38 108.05 7.54 NS

L1/Apg, mm T0 0.73 3.22 1.85 2.76 2.31 2.39 NS
T1 1.51 2.43 1.28 2.09 – – NS
T2 1.70 2.36 1.47 2.26 2.16 2.25 NS
T3 1.34 2.81 1.53 2.51 2.31 2.46 NS

L1/ML, � T0 92.97 6.87 92.11 6.93 94.98 5.66 NS
T1 94.75 7.91 90.21 8.43 – – 1s2*
T2 96.27 7.50 92.93 7.98 94.81 6.95 NS
T3 93.66 6.44 93.02 7.56 94.39 5.68 NS

Interincisal angle, � T0 128.12 11.90 125.39 10.95 127.96 6.72 NS
T1 132.04 9.23 135.75 11.14 – – NS
T2 130.48 8.45 133.65 9.89 131.37 10.40 NS
T3 133.03 9.92 135.05 10.13 131.74 10.33 NS

*P\ 0.05; yP\ 0.01; zP\ 0.001.
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Consequently, the importance of sex for relapse seems
to be unclear.

When studying stability after orthodontic treatment,
an important question must be asked: How much of the
unwanted tooth movement is relapse, and how much is
due to natural physiologic changes? Relapse is caused
not only by muscle function, but also, and to an even
greater extent, by a tendency to rearrange the alveolar
fibrous system. Although the principal fibers are rear-
ranged after a certain retention period, histologic studies
have shown that the supra-alveolar structures may
February 2019 � Vol 155 � Issue 2 American
remain displaced and stretched for more than 7 months
after the cessation of orthodontic tooth movement.29 So
relapse occurring during this period of remodeling of
periodontal structures must be distinguished from late
changes during the post-retention period. Instead, the
changes that occur later are more related to craniofacial
growth, dental development, and muscle function.

Edman Tynelius et al30 showed that a major part of
relapse took place during the first year of retention
(different methods of retention used) and that only small
changes and differences occurred during the second year
Journal of Orthodontics and Dentofacial Orthopedics
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of retention. This implies that the first year of retention is
the most important to retain the treatment result.
Furthermore, another study has shown that nearly
50% of the relapse occurred in the first 2 years after
retention.31 After that period, a certain stability is
reached except for the mandibular incisors. Conse-
quently, a retention time of about 2 years is probably
sufficient, and tooth movements after those years are
considered to be natural physiologic changes. Sadowsky
et al32 showed that an average period of 8.4 years with a
fixed mandibular retainer was more favorable than
shorter retention times in other studies. It seems that
life-long retention for the mandibular anterior segment
is needed. Thus, for patients who want straight teeth
throughout their life, permanent retention is recommen-
ded. It is important to stress that improperly designed or
inserted retainers may cause inadvertent tooth move-
ments; therefore, retainers for long-term use require
regular check-ups.33

In the present study, we used 2 different bonded re-
tainers for permanent retention, which were merged into
1 group because we have shown in another study2 that
there were no differences in their capacity in keeping
the mandibular incisors aligned in a long-term perspec-
tive.

It might be surprising that one group did not get a
retainer after treatment even though the crowding situ-
ation was similar before treatment in both groups. On
the other hand, this group made the present study
possible. It is difficult to find an orthodontically treated
group without retainers afterwards.

The untreated control group consisted of subjects
followed because of infraocclusion of primary molars
with permanent successors or the reversible type of
ectopic eruption of the maxillary first permanent mo-
lars.34,35 The growth and development of the dentition
was normal in these cases. These subjects had Class I
normal occlusion without any other malocclusions.

A limitation with this study was that the subjects in
the untreated control group had only minor malocclu-
sions. Ideally, the study should have included an un-
treated group of subjects with malocclusions similar to
those of the treated groups. However, the postponement
of a needed orthodontic intervention for 12 years is ethi-
cally unacceptable.

CONCLUSION

There were no differences found in LII for the
mandibular incisors 12 years after treatment between
the group that had a retainer and the group that had
no retainer after treatment. In the untreated group, LII
increased over time, but not to the same extent as in
American Journal of Orthodontics and Dentofacial Orthoped
the treated groups. The crowding before treatment did
not explain the crowding at the last examination.

The routine use of mandibular retainers for 2 to
3 years does not appear to prevent long-term relapse.
If the patient wants to constrain the changes that
come with natural development, then lifelong retention
is needed.

It may be perceived as discouraging that the mandib-
ular incisor stability was suboptimal, but as encouraging
that the overjet and overbite were stable long-term.
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