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Age-Related Long-Term Posttreatment Occlusal and Arch Changes

Hyunjung Parka; Jim C. Boleyb; Richard A. Alexanderb; Peter H. Buschangb

ABSTRACT
Objective: To evaluate differences in long-term postretention changes between adolescents and
adults.
Materials and Methods: The sample included 96 subjects, 51 adolescents and 45 adults (14.2 6

0.8 and 21.5 6 6.8 years of age, respectively, at the end of treatment) retained for 3 years and
followed approximately 16 years post treatment, who were randomly selected from two private
practices. Prior to treatment, 38 and 58 had Class I and Class II malocclusions, respectively.
Results: With the exception of adult midlines, all of the occlusal variables (overjet [0.50–0.77 mm],
overbite [0.85–0.95 mm], the maxillary incisor irregularity [0.69–0.80 mm], the mandibular incisor
irregularity [0.85–1.50 mm] and the PAR score [0.86–1.92 points]) showed significant increases
over time. Adolescents consistently showed greater increases of the occlusal variables than adults,
with mandibular incisor irregularity and the PAR index attaining statistically significant (P , .05)
levels. Arch length and mandibular intercanine width showed statistically significant decreases over
time in both groups; maxillary intercanine and intermolar widths did not change significantly.
Overjet increased significantly more in Class II patients than in Class I patients, whereas Class I
patients showed significantly greater decreases in mandibular intermolar width than Class II
patients.
Conclusions: Over the 16-year posttreatment period, adolescents showed significantly greater
increases in mandibular incisor irregularity, and the PAR index than adults. Treated Class I patients
demonstrated less increase in overjet and greater decreases in mandibular intermolar width than
Class II patients. (Angle Orthod. 2010;80:247–253.)
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INTRODUCTION

The goal of orthodontic treatment is to improve the
patient’s life by enhancing orofacial function and
esthetics.1 Long-term postretention stability, which is
the key to maintaining these goals, should be a primary
objective of treatment. Even though teeth are properly
aligned during treatment, they often change their
positions after retention.2–4 Posttreatment crowding
has been regularly observed, along with changes in
overjet, overbite, arch length, and arch width.5–13 While
postretention changes should be expected to occur,

explanations for the changes are lacking. Most studies
have reported little or no correlation between the
treatment changes that occurred and the posttreat-
ment changes.5,14–20

A number of studies indicate that posttreatment
crowding may be related to the individuals’ growth
potential.10,12,21,22 In 1991, McReynolds and Little23

suggested that vertical growth could play an important
role in determining the amount of posttreatment
crowding that occurs. Harris and Vaden24 showed
significantly greater posttreatment reductions in man-
dibular intercanine and intermolar widths in adoles-
cents than in adults, but greater decreases in arch
lengths among the adults. More recently, Driscoll-
Gilliland et al25 showed that both treated and untreated
subjects who underwent the greatest inferior growth
displacement of the mandible and the greatest
eruption of the mandibular incisors, also demonstrated
the greatest amounts of posttreatment crowding.

On that basis, the primary purpose of the present
study was to compare postretention occlusal and arch
changes of adolescents and adults. Because younger
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patients have greater posttreatment vertical growth
and associated eruptive potential, the primary hypoth-
esis was that adolescents would undergo greater
adverse changes than adults. Secondarily, the study
compared the long-term stability of patients with
treated Class I and Class II malocclusions.

MATERIALS AND METHODS

The sample consisted of 96 (81 extraction and 15
nonextraction) subjects who were randomly selected
from two private practices. Subjects were selected
based on: (1) the availability of long-term postretention
(minimum of 6 year postretention) study casts, (2)
permanent dentition (except third molars) at the start of
treatment, and (3) the subjects’ posttreatment age
(adolescents who were less than 15 years of age and
adults who were older than 16 years of age at
posttreatment). The samples included 51 adolescents
and 45 adults who were 14.2 6 0.8 and 21.5 6 6.8
years of age, respectively, at the end of treatment
(Table 1). The adolescents and adults groups were
followed for 16.3 6 5.3 and 15.6 6 5.7 years after
treatment, respectively.

The sample included 38 individuals with Class I
malocclusions and 58 individuals with Class II maloc-
clusions, diagnosed based on molar and canine
relationships (Table 2). Most (81) of the patients were
treated with extractions and standard edgewise me-
chanics; the 15 nonextraction patients were treated
with the Alexander Discipline prescription. All patients
were retained with a fixed canine-to-canine bonded
lower retainer and a maxillary Hawley retainer for
approximately 3 years.

The mandibular and maxillary arches were mea-
sured using digital calipers accurate to .01 mm.

Twelve variables were measured, including the follow-
ing:

N Incisor irregularity: the summed displacement of the
anatomical contact points of the six anterior teeth in
both the upper and lower arches.26

N Overjet: the horizontal distance from the labial
surface of the maxillary central incisors to the labial
surface of the mandibular central incisors, measured
parallel with the occlusal plane.

N Overbite: the amount of vertical overlap of the
maxillary and mandibular central incisors measured
perpendicular to the occlusal plane; open bite was
assigned a negative value.

N Intercanine width: the distance between the cusp tips
or estimated cusp tips in patients with wear facets.

N Intermolar width: the distance between the centroids
of the occlusal surfaces of the first permanent
molars.

N PAR index: the sum of the scores of 11 individual
components, including alignment of maxillary and
mandibular anterior segments, maxillary/mandibular
and right/left buccal segments, right and left buccal
occlusion, overjet, overbite, and centerline.27

N Arch length: the sum of the right and left distances
between the mesial contact points of the first
permanent molars and the interproximal contact
point of the central incisors or the midpoint between
the central incisors’ contacts, if spaced.

N Midline deviation: the difference between maxillary
and mandibular incisor midlines.

Replicate analyses were performed after several
months on 20 randomly chosen records. Paired t-tests
showed no significant systematic errors. The method
errors ranged from 0.08 mm (overjet) to 0.45 mm
(PAR index).

Statistical Analyses

The skewness and kurtosis statistics indicated
normal distributions for all measures except the PAR
components. Changes over time were evaluated using
paired t-tests. Posttreatment changes for the larger
extraction sample were compared to the smaller
nonextraction sample using the nonparametric Mann-
Whitney U-test. The adolescents and adults were
compared using t-tests. Age group differences in the
PAR components were evaluated using the Mann-
Whitney U-test.

Table 1. Posttreatment and Postretention Ages (in Years) Along

With the Duration of the Follow-up Period (Which Includes a

Maximum of 3 Years of Retention)

Age Group N Mean SD Minimum Maximum

Posttreatment Adolescents 51 14.2 0.8 12.0 15.0

Adults 45 21.5 6.8 16.0 41.8

Postretention Adolescents 51 30.3 5.2 21.2 44.3

Adults 45 37.2 8.4 22.8 57.0

Follow-up

period

Adolescents 51 16.1 5.3 6.2 32.3

Adults 45 15.6 5.7 6.6 27.0

Table 2. Sample Sizes Based on Class of Malocclusion, Extractions/Nonextraction, and Sex

Group N Class I Class II Extraction Nonextraction Female Male

Adolescents 51 20 31 42 9 41 10

Adults 45 18 27 39 6 39 6

Total 96 38 58 81 15 80 16

248 PARK, BOLEY, ALEXANDER, BUSCHANG

Angle Orthodontist, Vol 80, No 2, 2010



RESULTS

Of the 12 measures evaluated, only the posttreat-
ment changes of mandibular intermolar width showed
significant (P 5 .025) differences between the extrac-
tion (20.25 6 1.0 mm) and nonextraction (0.36 6

0.8 mm) subsamples.

With the exception of midlines, all of the occlusal
variables of the adolescents and adults showed signifi-
cant changes between posttreatment and postretention
(Table 3). Adolescents consistently showed greater
increases than adults. Changes in mandibular incisor
irregularity (1.50 vs 0.85 mm) and the PAR index (1.92 vs
0.86) were significantly greater in adolescents than in
adults. Mann-Whitney U-tests showed that the group
differences in the PAR index were primarily due to overall
maxillary crowding (P 5 .016).

Three of the arch dimensions, including maxillary
intercanine width and the two intermolar widths, did not
change significantly over the 16-year follow-up period
for either group (Table 4). Mandibular arch lengths
decreased approximately twice as much as maxillary

arch lengths. Mandibular intercanine widths also
decreased. Posttreatment changes in arch dimensions
were not significantly different between adolescents
and adults.

Generally, patients with Class I and Class II
malocclusions showed similar posttreatment changes.
Differences that occurred during the follow-up period
were limited to overjet and mandibular intermolar width
(Tables 5 and 6). Overjet increased significantly (P 5

.001) more in Class II malocclusions than in Class I
malocclusions, whereas Class I malocclusions showed
significantly (P 5 .036) greater decreases in mandib-
ular intermolar width than Class II malocclusions.

DISCUSSION

Incisor irregularity increased after treatment for both
adolescents and adults, with greater increases in the
mandible than in the maxilla. Previous studies have
consistently shown greater posttreatment increases in
mandibular incisor irregularity than in maxillary incisor
irregularity.7,9,10 With the exception of Vaden et al,10 the

Table 3. Posttreatment and Postretention Occlusal Dimensions (mm, except for PAR) of Adolescent and Adult Patientsa

Posttreatment Postretention
Changes over Time

Adolescents Adults Adolescents Adults Adolescents Adults

Group

Differences

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Probability

Overjet 2.09 0.74 1.75 1.09 2.86 0.76 2.25 1.32 0.77 0.84 0.50 0.85 0.119

Overbite 1.43 0.56 1.83 0.70 2.37 0.82 2.18 0.97 0.95 0.84 0.85 0.97 0.621

Midlines 0.12 0.28 0.15 0.30 0.29 0.50 0.11 0.27 0.17* 0.51 20.04* 0.40 0.027

Incisor irregularity

Max 0.83 0.78 1.07 0.81 1.63 1.31 1.76 1.12 0.80 1.42 0.69 0.99 0.660

Incisor irregularity

Md 0.52 0.49 0.66 0.63 2.01 1.59 1.51 1.17 1.50 1.56 0.85 1.14 0.025

PAR 0.90 1.25 1.70 1.61 2.82 2.45 2.57 2.10 1.92 2.32 0.86 1.91 0.020

a Max indicates maxillary; Md, mandibular.

* indicates no statistically significant change.

Table 4. Posttreatment and Postretention Arch Dimensions (mm) of Adolescent and Adult Patientsa

Posttreatment Postretention
Changes over Time

Adolescents Adults Adolescents Adults Adolescents Adults

Group

Differences

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Probability

Arch length Max 60.78 5.37 59.42 4.42 59.64 5.97 58.20 4.52 21.14 3.52 21.21 1.42 0.890

Arch length Md 50.08 5.14 50.91 5.88 48.95 5.12 48.92 5.63 22.13 1.52 21.99 1.32 0.638

Intercanine width

Max 33.86 1.78 34.05 1.65 33.66 1.92 33.92 1.83 20.21* 1.13 20.13* 1.07 0.734

Intermolar width

Max 42.49 2.84 42.73 2.62 42.46 3.06 42.69 2.55 20.03* 1.03 20.04* 1.07 0.976

Intercanine width

Md 26.18 1.40 25.96 1.95 24.66 1.58 24.80 2.06 21.52 0.91 21.16 1.17 0.105

Intermolar width

Md 36.80 2.57 37.33 2.82 36.56 2.98 37.26 3.01 20.23* 1.13 20.07* 0.82 0.421

a Max indicates maxillary; Md, mandibular.

* indicates no statistically significant change.
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posttreatment increase in maxillary irregularity over the
16-year follow-up period was less than previously
reported.7,9 Importantly, mandibular incisor irregularity
increased approximately 1.2 mm, which tends to be at
the low end of the values previously reported
(Figure 1), including both extraction and nonextraction
cases. Approximately 90.5% of the patients had
mandibular incisor irregularity less than 3.5 mm, which
has become the de facto standard for clinical
acceptability, 16 years posttreatment (Table 3).

The PAR index showed a posttreatment increase of
1.39 points, which was also less than previously
reported for long-term follow-up of treated cas-
es.16,28,29 Adolescents showed greater posttreatment
increases in their PAR scores than adults, which may
be related to the fact that adults had higher
posttreatment PAR scores. While crowding mea-
sured with the PAR scores and crowding measured
using incisor irregularity are related, they might be
expected to differ because the PAR scores include
the posterior arch segments.

Even though posttreatment mandibular irregularity
increased only minimally, the changes were signifi-
cantly more in adolescents than in adults. The
increases were approximately two times greater in
adolescents than in adults (1.50 mm vs 0.85 mm). In
contrast, Haruki and Little30 showed greater posttreat-
ment increases in the irregularity index (2.75 mm vs
1.53 mm) among adolescents who started treatment at
13.3 years of age compared with those who started
treatment at 11.2 years of age. The differences
between studies may be related to the leeway space
available in their younger sample.

In contrast, the crowding differences observed
between adults and children were probably related to
vertical growth differences and associated eruption
differences. It has been previously reported that
patients with the greatest posttreatment increases in
lower and total posterior facial heights also demon-
strated the greatest increases in crowding.23 In 2001,
Driscoll-Gilliland et al25 who longitudinally followed
posttreatment sample and a matched sample of

Table 5. Posttreatment and Postretention Occlusal Dimensions (mm, except for PAR) of Subjects Who Presented With Class I and Class

II Malocclusiona

Posttreatment Postretention
Changes over Time

Class I Class II Class I Class II Class I Class II

Group

Differences

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Probability

Overjet 1.80 0.99 2.01 0.89 2.10 1.10 2.89 0.98 0.30 0.74 0.87 0.85 0.001

Overbite 1.68 0.70 1.57 0.63 2.41 0.84 2.60 0.94 0.72 0.75 1.02 0.98 0.117

Midlines 0.14 0.29 0.13 0.29 0.16 0.34 0.23 0.45 0.02* 0.43 0.10* 0.50 0.427

Incisor irregularity

Max 0.92 0.77 0.95 0.83 1.58 1.08 1.76 1.31 0.65 1.11 0.81 1.31 0.537

Incisor irregularity

Md 0.56 0.59 0.60 0.54 1.76 1.29 1.79 1.51 1.21 1.28 1.19 1.50 0.963

PAR 1.14 1.34 1.36 1.56 2.11 1.85 3.09 2.46 0.97 1.59 1.72 2.53 0.078

a Max indicates maxillary; Md, mandibular.

* indicates no statistically significant change.

Table 6. Posttreatment and Postretention Arch Dimensions (mm) of Subjects Who Presented With Class I and Class II Malocclusiona

Posttreatment Postretention
Changes over Time

Class I Class II Class I Class II Class I Class II

Group

Differences

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Probability

Arch length Max 60.13 4.77 60.15 5.13 58.67 4.55 59.17 5.86 21.47 1.51 20.98 3.29 0.396

Arch length Md 50.76 4.88 51.16 5.86 48.68 5.08 49.10 5.53 22.08 1.57 22.06 1.33 0.946

Intercanine width

Max 33.82 1.78 34.04 1.68 33.68 1.64 33.85 2.03 20.13* 1.10 20.19* 1.10 0.799

Intermolar width

Max 42.70 2.64 42.54 2.80 42.64 2.74 42.52 2.89 20.06* 1.28 0.02* 0.87 0.844

Intercanine width

Md 25.78 2.00 26.27 1.41 24.54 1.96 24.85 1.72 21.24 0.98 21.42 1.09 0.394

Intermolar width

Md 37.35 2.68 36.85 2.70 36.93 2.91 36.86 3.08 20.42 1.06 0.02* 0.92 0.036

a Max indicates maxillary; Md, mandibular.

* indicates no statistically significant change.
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untreated subjects, showed that the amounts of
crowding that occurred were related to vertical
mandibular growth and dental eruption. The subjects
who showed the greatest growth and eruption dis-
played the greatest increases in crowding. Since the
adolescents in the present study finished treatment at
approximately 14.2 years of age and were retained for
approximately 3 years, many might be expected to
have had considerable growth potential after retention.
Vertical growth31–38 and crowding39,40 have been shown
to continue well into the 20s. This implies that it might
be prudent to retain adolescent patients longer than is
normally recommended, and retention should be
continued through the early and mid 20s.

Posttreatment overjet increased significantly more in
Class II than in Class I malocclusions. Glenn et al12

and Uhde et al41 reported results consistent with the
present study. While Class I and Class II patients have
not been previously compared, overjet has been
shown to increase, although sometimes not signifi-
cantly, after treatment.7,9,10,14,16,42,43

The current study Class II malocclusions also
showed greater increases in the PAR scores than in
Class I malocclusions, but the differences were not
statistically significant. Based on the less stable
subjects in their sample (ie, those with a postretention
PAR score greater than 10), Ormiston et al16 noted
significantly more unstable Class II than Class I
patients 14.4 years after treatment. Consistent with
the present findings, Birkeland et al28 found no
significant differences in the posttreatment changes

of the PAR scores between Class I and II patients. The
Class I patients in the present study showed signifi-
cantly greater decreases in mandibular intermolar
width than Class II patients. Although they did not
provide statistical comparisons, De La Cruz et al44 and
Glenn et al12 also showed greater posttreatment
decreases in mandibular intermolar widths among
Class I patients than among Class II patients.

CONCLUSIONS

N Long-term posttreatment (16 years) and postreten-
tion (13 years) changes included small but definite
increases in overjet, overbite, maxillary irregularity,
mandibular irregularity, and the PAR index, as well
as decreases in arch length, mandibular intercanine
width, and mandibular intermolar width.

N Adolescents showed significantly greater posttreat-
ment increases of mandibular incisor irregularity and
the PAR index than adults, despite the fact that the
vast majority of cases had clinically acceptable
incisor irregular at the end of the postretention
phase.

N Class I patients showed significantly less long-term
posttreatment increases in overjet and greater decreas-
es in mandibular intermolar width than Class II patients.
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