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Short-term postorthodontic changes in the absence of retention

Nadia Lyotarda; Mark Hansb; Suchitra Nelsonc; Manish Valiathand

ABSTRACT
Objective: To evaluate short-term postorthodontic tooth movement without retention.
Materials and Methods: Thirty consenting patients participated in the study. At the end of active
treatment (T1), final archwires were removed while leaving the fixed appliances on, and alginate
impressions were taken. Four weeks later (T2) a second set of impressions was taken. A clinical
examination performed at T2 determined if the fixed appliances could be removed or if additional
treatment was required. Based on the examination, patients were divided into two groups. Patients
in group I (n 5 13) had their fixed appliances removed, while those in group II (n 5 17) required
additional treatment. The American Board of Orthodontics’ Objective Grading System scores and
the following six variables were measured on plaster casts at T1 and T2: maxillary and mandibular
crowding or spacing, overbite, overjet, and mandibular intercanine and intermolar widths. Data
were analyzed to detect potential changes from T1 to T2 and to evaluate differences between the
groups.
Results: Mandibular crowding, overjet, and interproximal contacts worsened for the entire sample,
while marginal ridges, occlusal contacts, and total American Board of Orthodontics scores
improved. No statistically significant changes were found within group I from T1 to T2. Mandibular
crowding, overbite, overjet, alignment/rotations, and interproximal contacts worsened within group
II from T1 to T2, while marginal ridges and occlusal contacts improved. Significant differences were
noted between the groups in terms of alignment/rotations, interproximal contacts, and mandibular
intercanine width.
Conclusion: Short-term postorthodontic tooth movement without retainers demonstrated
improvement in specific characteristics of the occlusion but negatively affected alignment and
interproximal contacts in the sample. (Angle Orthod. 2010;80:1045–1050.)
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INTRODUCTION

Detrimental postorthodontic tooth movement has
challenged orthodontists from time immemorial. In an
attempt to prevent such dental changes, orthodontists
have developed different philosophies, strategies, and

appliances. However, most of these are based on
clinical experience that has led to strong convictions
rather than compelling scientific evidence. In a recent
study1 it was found that fixed retention strategies are
gaining in popularity, and no clinician was found to not
retain cases. While the first reference to orthodontic
treatment was made as early as the beginning of the
first millennium by Celsus (25 BC–AD 50), a Roman
writer,2 the use of a retention device was not
addressed until the early 1800s, when J.M. Alexis
Schange outlined the need for a period of stabilization
after treatment and used ‘‘a rubber band attached to
some hooks on the appliance surrounding the molars’’
as a retention device.2

Since the early days of our specialty, clinicians have
agreed on the need for retention, but they have had
different opinions regarding the appliances and proto-
cols; Weinberger2 believed a single night was suffi-
cient, and Kingsley3 recommended 3 to 4 months.
Hawley4 clearly expressed this nearly 100 years ago
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when he stated that the mistake had been to apply a
‘‘guessed-at’’ solution to the unsolved and undeter-
mined problem of the instability of treated malocclu-
sions.

In an attempt to understand the causes of relapse,
four main schools of thought emerged, beginning in the
late 1880s. For Kingsley,3 ‘‘the occlusion of the teeth
was the most potent factor in determining the stability
in a new position.’’ In 1922, Rogers5 proposed that
establishing proper muscle balance was critical in
maintaining the corrected malocclusion. Lundstrom6

formed a third school of thought that considered the
apical base to be the key to long-term stability, and
Tweed7 introduced the theory advocating that mandib-
ular incisors must be upright over the basal bone for
optimal stability and esthetics.

During the last century, many factors, such as
treatment modalities,8–10 preservation of original man-
dibular intercanine width,11,12 continued growth,13,14

influence of gingival tissues,15,16 and role of third
molars,17,18 were investigated as contributors to re-
lapse. A few studies have attempted to compare
different retainers and protocols, ranging from minimal
retention19 to permanent retention.20 However, our
understanding of this complex and critical area
remains poor. The lack of compelling scientific
evidence has both allowed and forced clinicians to
base their retention appliances and protocols on cost,
ease of fabrication, and personal preference.

In attempting to understand postorthodontic
tooth movement, as a starting point it would be
useful to find out if all patients should indeed be
retained, or if a subgroup of patients exists who can
benefit from the absence of retention. An extensive
review of the literature did not reveal a study that has
attempted to answer this fundamental question. The
purpose of this descriptive pilot study was to investi-
gate short-term postorthodontic changes in the ab-
sence of retention.

MATERIALS AND METHODS

All patients treated with fixed edgewise appliances in
the ‘‘core’’ orthodontic clinic who were nearing the end
of their orthodontic treatment at an established
graduate orthodontic department located in the Mid-
west were requested to participate in the study. The
‘‘core’’ orthodontic graduate clinic consists of patients
who are in the permanent dentition, under the age of
18 years, and are not in need of additional specialty
services. Patients are treated by graduate students
under the direct supervision of the orthodontic faculty.
The recruitment of participants lasted for 6 months.
Out of 56 potential participants, 36 individuals con-
sented to participate. Four patients, eager to have their

braces removed, withdrew from the study, and two
were still in active treatment when data collection for
this stage of the study ended. The final sample
consisted of 30 patients. The procedures and protocol
were approved by the institutional review board at the
university.

When the end of treatment (T1) was approved by the
faculty member overseeing the case, final archwires
were removed and a set of alginate impressions was
taken. Four weeks later (T2), a second set of alginate
impressions was taken. The patient’s occlusion was
then compared to the set of models taken 4 weeks
earlier (at T1). In the absence of undesirable changes,
braces were removed and retainers delivered. If
undesirable changes were detected by the supervising
orthodontic faculty member, additional treatment was
rendered. The faculty member’s decision was purely
based on his/her clinical assessment. Thus, two
groups were formed based on the results of the clinical
examination performed at T2. Group I consisted of the
13 individuals who had their braces removed at the
recall appointment, and group II consisted of 17
individuals who required additional treatment.

Measurements

All data were collected by a single operator. The
following six measurements were made with a digital
caliper to the nearest hundredth of a millimeter on
plaster models at pretreatment (T0), T1 (post–active
treatment), and T2 (4-week recall): Maxillary crowding:
the difference between space available (from first
molar to first molar) and space necessary (sum of the
mesio-distal dimension of each tooth anterior to the
first molar); Mandibular crowding: the difference
between space available (from first molar to first
molar) and space necessary (sum of the mesio-distal
dimension of each tooth anterior to the first molar);
Overbite: the vertical overlap of maxillary and mandib-
ular incisors; Overjet: distance from the facial surface
of the mandibular central incisors to the facial surface
of the maxillary central incisors; Mandibular interca-
nine width: distance between cusp tips; and Mandib-
ular intermolar width: distance between the mesio-
buccal cusp tips.

In addition, the American Board of Orthodontics’
Objective Grading System21 (ABO-OGS) was used to
score the plaster models both at T1 and T2 in order to
detect potential changes in the posterior occlusion. In
an effort to minimize examiner bias, casts were
numbered 1 through 60 at random, and the examiner
was unaware of the grouping of individual casts. Using
a table of random numbers, they were randomly
selected for scoring with the gauge provided by the
ABO. A change of either 0.5 mm or 1 point over
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4 weeks for the continuous and categorical data,
respectively, was deemed clinically significant. There
were no statistical differences between the measure-
ments done initially and the ones made at least
2 weeks later on the 10 randomly selected casts; thus,
intraoperator reliability was established.

Data Analyses

Data from the plaster casts were entered into
the statistical program MinitabH, Release 14 (Minitab
Inc, State College, Penn). In order to detect potential
changes between T1 and T2, for the two groups
paired t-tests and Wilcoxon signed rank tests were
performed on the six continuous variables and the
ABO scores (ordinal data), respectively. To test for
differences between the groups, independent sample
t-tests and Wilcoxon rank sum tests were used for the
continuous and categorical data, respectively. Intraex-
aminer reliability was determined by computing t-tests
as well as Wilcoxon signed rank tests with the data
from 10 randomly selected casts 2 weeks after the first
round of data collection. The level of significance,
alpha, for all of the inferential statistical tests was set at
#.05.

RESULTS

The final sample consisted of 14 males and 16
females, with an average age of 15.2 and 16.4 years,
respectively. Twenty of the participants were white,
five were African-Americans, three were Hispanic, and
two belonged to other ethnic backgrounds. Six
individuals had extractions, and five had a rapid palatal
expander prior to fixed treatment.

Subjective clinical exams performed at the recall
appointment revealed that 13 patients showed no
change or an improvement in their occlusion after
4 weeks without archwires. Their appliances were
therefore removed during the follow-up appointment.
Seventeen patients required additional treatment, and
maxillary, mandibular, or maxillary and mandibular
archwires were reinserted for an average of 62 days.
One patient received a mandibular spring aligner, and
another was given a custom-made positioner.

Table 1 outlines the changes in the six continuous
variables between the time the archwires were
removed and the recall visit (4 weeks later) for all
subjects. Across the entire sample, mandibular crowd-
ing (0.4 6 0.8; P 5 .03) and overjet (0.4 6 0.7; P 5

.01) were found to be statistically significant. No

Table 1. Changes in Values for Continuous Variables from the End of Active Treatment (T1) to 4 Weeks Later (T2)

Cast

No.

Maxillary Crowding, mm

(T2–T1)

Mandibular Crowding, mm

(T2–T1)

Overbite, mm

(T2–T1)

Overjet, mm

(T2–T1)

Intercanine Width, mm

(T2–T1)

Intermolar Width, mm

(T2–T1)

1 1.29 0.4 20.89 20.18 0.97 20.44
a2 0.87 20.61 0.7 0.63 20.31 0.07

3 0.03 0 20.33 1.2 20.67 0.69

4 20.15 0.58 0.98 1.54 0.46 20.23

5 0.38 21.04 0.54 0.46 0.5 0.27
a6 20.25 21.4 1.09 20.41 20.53 20.26
a7 1.38 20.81 0.16 0.62 20.21 20.58
a8 0.11 20.73 20.26 0.1 0.73 0.14

9 2.91 21.51 0.33 0.62 0.48 1.27

10 1.89 21.38 20.29 0.59 20.43 20.1
a11 20.4 0.45 20.88 0.13 0.36 0.68

12 21.68 21.61 0.39 0.22 0.4 20.99

13 21.3 20.95 1.13 1.8 20.34 0.44

14 20.62 21.1 0.4 20.52 20.15 23.78
a15 1.3 0.04 0.56 0.96 20.26 0.71
a16 0.59 0.86 0.36 0.22 20.3 20.2

17 0.23 23.18 0.97 1.44 0.66 0.06

18 20.38 0.14 0.07 0.1 20.83 20.54

19 20.29 21.32 0.73 0.82 1.23 20.02
a20 0.33 20.42 20.83 0.14 0.35 20.53
a21 0.96 0.28 21.22 21.85 21.07 20.04
a22 1.02 20.15 0.77 0.02 20.88 20.14
a23 20.46 0.79 20.11 0.77 0.02 20.32

24 1.76 20.11 0.58 20.56 0.05 20.47
a25 21.76 20.06 20.18 0.22 20.44 21.37

26 20.07 0.28 20.14 0.64 0.43 20.36

27 1.6 0.04 0.17 0.17 0.08 20.53

28 1.6 0.89 20.08 0.85 0.42 0.04
a29 20.06 0.45 20.11 20.2 21.4 0.57

30 21.39 20.77 0.37 0.27 20.21 0.29

a Patients who had their braces removed at the recall appointment. Note: Negative values denote improvements noted from T1 to T2.
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significant changes were observed in mandibular
intercanine width, mandibular intermolar width, maxil-
lary crowding, or overbite.

Table 2 shows the changes in ABO scores between
the time the archwires were removed (T1) and the
recall visit 4 weeks later (T2) for all subjects. Marginal
ridges, occlusal contacts, interproximal contacts, and
the total scores were statistically significant (P , .05).

Tables 3 and 4 illustrate the results for the two
subgroups. There was no change within group II from T1

to T2, as seen in Table 3. Within group II, mandibular
crowding, overbite, overjet, alignment/rotations, and
interproximal contacts all showed a significant worsen-
ing during the observation period, while marginal ridges
and occlusal contacts showed a significant improve-
ment. Differences between the changes for the two
groups show significant differences in intercanine width,
alignment/rotations, and interproximal contacts.

DISCUSSION

To the best of our knowledge, this appears to be the
first study related to postorthodontic tooth movement
following active orthodontic treatment without reten-

tion; therefore, it is difficult to make comparisons to
other studies. The results of this exploratory pilot study
raise several important considerations.

Relapse indicates a return to a previous, usually
undesirable state. From our preliminary study it is
evident that several changes that occur following
orthodontic treatment (in the absence of retention)
are not undesirable but are in fact welcome and
desirable changes. It is interesting to note that seven
out of the eight categorical variables (the ABO Index)
showed substantial overall improvement in the short
run. Marginal ridges and bucco-lingual inclination
scores exhibited stability and/or improvement. Addi-
tionally, every patient exhibited some change in at
least one variable, reminding us that the human
dentition is a dynamic entity.

Among the continuous variables, only mandibular
crowding and overjet showed a statistically significant
change over 4 weeks, a finding that concurs with the
literature.22,23 The increases in mandibular crowding
and overjet, while statistically significant, were small.
Such differences can, however, be clinically relevant. It
is important to note that the use of mean values masks

Table 2. Change in American Board of Orthodontics (ABO) Scores from the End of Active Treatment (T1) to 4 Weeks Later (T2)

Cast

No.

Alignment

Rotations

(T2–T1)

Marginal

Ridges

(T2–T1)

Bucco-lingual

Inclination

(T2–T1)

Overjet

(T2–T1)

Occlusal

Contacts

(T2–T1)

Occlusal

Relationships

(T2–T1)

Interproximal

Contacts

(T2–T1)

Total

(T2–T1)

1 1 21 21 1 0 21 1 0
a2 21 23 0 23 22 2 21 28

3 1 1 0 21 0 22 1 0

4 1 22 0 21 4 21 0 1

5 5 22 1 23 23 0 0 22
a6 21 1 22 21 25 0 0 28
a7 0 21 0 3 23 0 1 0
a8 21 21 0 2 9 21 0 8

9 3 21 21 22 4 22 2 3

10 1 21 0 21 28 1 1 27
a11 21 0 21 23 24 24 1 212

12 1 1 0 0 22 1 0 1

13 23 21 0 23 26 0 1 212

14 2 22 0 22 23 0 0 25
a15 25 21 2 21 0 0 0 25
a16 1 21 0 2 2 0 0 4

17 5 0 24 2 29 3 0 23

18 2 0 0 1 0 22 1 2

19 4 21 21 0 23 0 0 21
a20 0 23 0 2 1 0 0 0
a21 5 0 1 25 21 21 0 21
a22 23 1 21 21 21 0 0 25
a23 23 0 21 2 22 1 0 23

24 2 0 1 3 22 21 3 6
a25 2 22 0 1 212 0 21 212

26 21 1 22 1 1 0 1 1

27 22 0 0 22 28 1 3 28

28 2 24 0 21 24 21 1 27
a29 0 21 2 1 0 1 21 2

30 2 21 0 22 23 0 0 24

a Patients who had their braces removed at the recall appointment. Note: Negative values denote improvements noted from T1 to T2.
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the important distinction between recurrence of crowd-
ing and reopening of spaces. Indeed, the range reveal-
ed clinically significant changes, from 23.18 mm to
0.9 mm, indicating that some patients experienced
greater deleterious tooth movement than others over
the course of the observation period. Surprisingly,
mandibular intercanine width showed the least amount
of change in the entire sample, which contradicts the
results of most studies11,12 that evaluated the stability
of the mandibular canine dimension and concluded
that a significant decrease was to be expected
regardless of treatment modality. It is likely that the
4-week observation interval was too short to allow for
significant changes in the intercanine dimension to be
observed. Yet the finding was surprising, as no known
attempt was made to maintain the pretreatment
mandibular intercanine width in any of the 30 subjects.

The analyses of the ABO-OSG scores showed
statistically significant changes in alignment/rotations,
marginal ridges, occlusal contacts, and interproximal
contacts. An expert orthodontist will agree that forces
of mastication help achieve better interdigitation.
Similarly, spacing present at the start of treatment
typically has a strong tendency to recur: hence, the
increase in the interproximal contacts scores. It is
valuable to validate these clinical observations by the

experts in our field as we confront the challenge of
understanding a complex and critical area of ortho-
dontics.

Contradicting the results of the analyses of the
continuous data, the ABO-OSG revealed no significant
changes in overjet scores. A possible explanation may
be that the changes over a 4-week interval were too
small to be detected by the categorical scale adopted in
the ABO-OSG, leading one to believe that the actual
change from T1 to T2 may have been underestimated by
this index. No significant change was noted for any
variable within group I from T1 to T2, which supports the
clinical decision to remove braces at the recall
appointment in these 13 individuals. Further supporting
the treatment decision that was made at T2, seven
significant differences were found within group II. Both
mandibular crowding and the alignment/rotations com-
ponent of the ABO-OSG indicated significant deleteri-
ous changes. The interproximal contacts score in-
creased, showing a reappearance of spaces. These
findings are consistent with those of previous studies.9,10

The combined worsening of lower arch crowding and
interproximal contacts provides a possible explanation
for the fourth and fifth significant differences within
group II, namely, the increase in overbite and overjet
from T1 to T2. The ABO scores for marginal ridges and

Table 4. Median Differences in Median American Board of Orthodontics (ABO) Scores Within and Between the Two Groups (end of active

treatment [T1] to 4 weeks later [T2])

Outcome

Group I (T2–T1) Group II (T2–T1)

Group I vs Group IIn 5 13 n 5 17

Median P-Value Median P-Value P-Value

Alignment/rotations 21.0 .4 2.0 .02** .02**

Marginal ridges 21.0 .053 21.0 .04** .9

Bucco-lingual inclination 0.0 1.0 0.0 .2 .7

Overjet 1.0 .9 21.0 .2 .4

Occlusal contacts 4.0 .2 23.0 .04** .5

Occlusal relation 0.0 1.0 0.0 .4 .6

Interproximal contacts 0.0 .8 1.0 .006** .01**

Total score 23.0 .1 21.0 .08 .7

** Statistically significant at P # .05.

Table 3. Mean Differences in Continuous Outcome Variables Within and Between the Two Groups (end of active treatment [T1] to 4 weeks

later [T2])

Outcome

Group I (T2–T1) Group II (T2–T1)

Group I vs Group IIn 5 13 n 5 17

Mean 6 SD P-Value Mean 6 SD P-Value P-Value

Maxillary crowding 0.28 6 0.9 .3 0.34 6 1.3 .3 .9

Mandibular crowding 20.1 6 0.7 .6 20.63 6 1.0 .02** .1

Overbite 0.04 6 0.7 .9 0.29 6 0.5 .04** .2

Overjet 20.1 6 0.7 .6 0.56 6 0.7 .004** .09

Mandibular intercanine width 20.3 6 0.6 .09 0.18 6 0.6 .2 .03**

Mandibular intermolar width 20.1 6 0.6 .6 20.26 6 1.1 .3 .6

** Statistically significant at P # .05. SD indicates standard deviation.
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occlusal contacts showed significant improvement over
the course of 4 weeks, demonstrating that masticatory
forces have a positive influence, if only on the posterior
dentition, with regard to interdigitation.

Perhaps most noteworthy was that the only signif-
icant differences between the two groups are the
changes in alignment/rotations, interproximal contacts,
and intercanine width. As most orthodontists do not
measure intercanine width intraorally, the comprehen-
sive clinical examination performed at the recall
appointment likely focused on the alignment of the
incisors in deciding whether additional treatment was
necessary.

As with any study, let alone a study dealing with
complex, multifactorial causes, there are limitations to
be acknowledged. No attempt was made to stratify our
sample based on initial findings. An attempt to
consider admittedly important variables such as
pretreatment crowding, type of malocclusion, extrac-
tion vs nonextraction, expansion vs no expansion,
different bracket designs, use of elastics, duration of
treatment, wires used, patient compliance, etc, would
have involved a substantially larger sample, raising
questions about the very ethics of conducting such a
study without pilot data from a smaller sample.

The aim of this descriptive study was to understand
changes that occur in the absence of retention over a
short period of time. We hope the results of this study
assist in future hypothesis-driven, analytical studies. This
study does, however, underscore several positive devel-
opments that occur immediately following treatment, and
it indicates that there exists a subgroup of patients who
require less aggressive retention strategies. In other
words, adopting identical retention strategies for all
patients result in unnecessary treatment for some.

CONCLUSIONS

N The results of the study support the practice of
removing the archwires from the posterior teeth a
few weeks prior to removing archwires from the
anterior teeth.

N Beneficial postorthodontic tooth movement occurs in
the absence of retention, immediately following com-
pletion of active treatment. Across the sample, post-
treatment improvements occurred in the occlusion, but
negative changes were noted in dental alignment.

N A good proportion of the participants did not suffer
any negative changes during the observation period.
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