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Original Article

Long-Term Profile Changes Associated with Successfully
Treated Extraction and Nonextraction

Class II Division 1 Malocclusions
Eileen C. Zierhut, DDS, MSDa; Donald R. Joondeph, DDS, MSb; Jon Artun, DDS, Dr Odontc;

Robert M. Little, DDS, MSD, PhDd

Abstract: This study was undertaken to compare the post-treatment and long-term soft tissue profiles
of successfully managed and stable Class II, division 1 malocclusions treated with either 4 first premolar
extractions or nonextraction therapy. It was hypothesized that, if sound extraction decisions were made
according to accepted treatment objectives and successful treatment outcomes were achieved, there should
be no differences between groups in soft tissue profiles post-treatment and long-term post-retention. The
sample consisted of 63 Caucasian adolescents (23 extraction, 40 nonextraction). Correction of the mal-
occlusion was achieved using a combination of cervical headgear concurrent with mandibular growth and
maxillary incisor retraction. Pretreatment, post-treatment, and long-term post-retention lateral cephalometric
radiographs were evaluated. The soft tissue facial profiles of the extraction and nonextraction samples were
the same following active treatment and long-term post-retention. Progressive flattening of the facial profile
was observed in both samples. This flattening was attributed to the maturational changes associated with
continued mandibular growth and nasal development and was not influenced by whether or not teeth were
removed. Long-term lip positions were more retrusive than the ideals suggested by Ricketts and Steiner,
but close to the values reported for normal, untreated adults of similar ages. The pretreatment position and
thickness of the lower lip as well as the initial maxillomandibular skeletal relationship may be predictors
of post-treatment or long-term lower lip position. (Angle Orthod 2000;70:208–219.)
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INTRODUCTION

Orthodontists continue to debate the issue of extracting
permanent teeth to improve dentoskeletal relationships.
Much of the negative commentary on extraction has cen-
tered on the claim that the extraction of 4 premolars pro-
duces an unesthetic soft tissue profile by a ‘‘flattening’’ or
‘‘dishing-in’’ of the lips relative to chin and nose. This sup-
position appears to be based in large part on opinion and
anecdotal case reports and lacks well-documented support
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in the refereed literature. Furthermore, inherent to this con-
clusion are the unproven assumptions that changes in the
hard tissue directly and equally affect the overlying soft
tissue profile, and that normal maturation does not play a
significant role in post-treatment and long-term profile out-
comes. As Liebermann1 reminds us, ‘‘. . . our role in the
long range facial changes that take place over the life of
our patient may be less significant than we think.’’

Studies that have compared treatment effects on the soft
tissue profile in extraction and nonextraction samples are
few in number, but are of some value in the resolution of
this debate. Finnoy et al2 found that there were very few
soft tissue profile differences in 2 groups of subjects with
Class II division 1 malocclusion treated with and without
extraction therapy 3 to 5 years post-treatment. However,
significant differences in the soft tissue profiles existed be-
fore treatment between the extraction and nonextraction
samples. Looi and Mills3 also evaluated lip and incisor
changes in extraction and nonextraction groups of subjects
with Class II division 1 malocclusions. Although they
found greater retraction of both the incisors and the lower
lip in the extraction group, valid comparison between
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TABLE 1. Mean Sample Characteristics

Variable Extraction Nonextraction

Mean age T1
Mean age T2
Mean age T3
Mean treatment time
Mean postretention time

12.6
15.9
31.3
2.9

13.0

11.3
14.7
31.9
2.5

14.5

groups was difficult due to the substantial differences in the
mechanotherapy used to treat each group. In addition, lip
changes were measured from midcranial skeletal reference
lines, with no quantification of lip change relative to soft
tissue chin and nose. Paquette, Beatty, and Johnston4 com-
pared the effects of extraction and nonextraction therapy on
the profile in Class II division 1 malocclusions with ‘‘bor-
derline’’ arch length deficiencies. They found that the den-
ture was significantly more protrusive in the nonextraction
sample at the completion of treatment, as well as at recall
more than 10 years later. However, despite a statistically
significant retrusive denture, the extraction subjects were
just as ‘‘likely to view their outcome as an improvement’’
as were their nonextraction counterparts. Finally, 2 com-
panion studies by Dobrocky and Smith5 and Young and
Smith6 found that, in spite of significantly more mean lip
retraction in their extraction group, the individual variations
in facial change, as determined by the standard deviations,
were similar between groups. Most important, they found
that the ‘‘frequency of undesirable facial changes,’’ as mea-
sured by comparison with ideal nasolabial and labiomental
angles and lip position relative to facial reference lines, was
similar for the extraction and nonextraction samples.

The concept that extraction therapy flattens the profile
assumes that a greater amount of incisor retraction takes
place secondary to tooth removal and that the soft tissues
act as a passive drape following the underlying dental
changes by a corresponding and predictable amount. The
literature, however, does not support this assumption. Stud-
ies quantifying the response of soft tissue relative to chang-
es in hard tissue are numerous, with equivocal results. Most
studies have described a relationship between incisor and
lip retraction, but the strength of this relationship varies
greatly between studies.3,7–14 It is generally concluded that
the relationship between hard and soft tissue change is sub-
ject to large individual variation, and the presumption that
this individual variability differs between extraction and no-
nextraction groups appears unjustified.

Long-term assessment of the soft tissue profile must also
consider the normal maturational changes that occur and
the considerable individual variation. Growth of the nose
and chin in untreated adolescents has been shown to far
exceed concomitant change in the lips.15–18 This normal
maturation change tended to continue postadolescence, re-
sulting in further ‘‘relative retraction’’ of the lips.15–19 Nose
and chin growth have also been shown to exceed the lip
changes observed in adolescents undergoing active treat-
ment.11,12,20

The purpose of this study was to compare the post-treat-
ment and long-term soft tissue profiles of successfully man-
aged and stable Class II division 1 malocclusions treated
with either 4 first premolar extraction or nonextraction
treatments.

MATERIALS AND METHODS

Sample

The sample consisted of 63 American Caucasian patients
(33 females, 30 males) treated by faculty or graduate stu-
dents of the Department of Orthodontics at the University
of Washington. The sample was part of a larger sample
evaluated in a previous study by Fidler et al21 of the long-
term Class II stability of successfully treated Class II di-
vision 1 malocclusions. Subjects were included if they pre-
sented with a pretreatment Class II division 1 malocclusion
showing a molar relationship of at least ‘‘end-on,’’ a min-
imum overjet of 5 mm, and a successful treatment result as
determined by model evaluation. Three experienced faculty
members at the University of Washington Department of
Orthodontics determined the acceptability of subjects by
subjective evaluation of intercuspation, tooth alignment,
and incisor relationship. Cephalometric characteristics and
long-term post-treatment occlusal relationships were not
considered in the sample selection.

Specific criteria for inclusion in this study included the
availability of high-quality pretreatment (T1), post-treat-
ment (T2), and long-term post-retention (T3) lateral ceph-
alometric radiographs that clearly showed the soft tissue
profile. The extraction group was limited to subjects treated
with 4 first premolar extractions only, with all other per-
manent teeth present from first permanent molar to contra-
lateral first permanent molar. The nonextraction group had
all permanent teeth present from first permanent molar to
contralateral first permanent molar. The sample included 23
subjects (11 males, 12 females) treated with extraction and
40 (19 males, 21 females) treated with nonextraction ther-
apy. The mean ages for the extraction and nonextraction
groups at T1, T2, and T3, and the mean active treatment
and mean post-retention durations are shown in Table 1.
Fifteen subjects from the study conducted by Fidler et al21

were excluded because the extraction combination did not
meet these sample criteria or because the radiographs did
not adequately reveal the soft tissue profile.

All subjects were treated during adolescence with fixed
edgewise mechanotherapy. Class II correction was achieved
primarily using extraoral force in the form of cervical head-
gear to redirect or inhibit maxillary growth with concurrent
facial growth and maxillary incisor retraction. No patients
in this sample were treated with either functional appliances
or orthognathic surgery.
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FIGURE 1. Cephalometric landmarks.

TABLE 2. Profile Measurements, Extraction Vs Nonextraction Groups at T1a

Variable

Extraction

Mean SD

Nonextraction

Mean SD Difference P Value Significance

LI to APg
LI to NB, mm
LI to NB, degrees
LI to MP
UI to NA, mm
UI to NA, degrees
Overjet
NAPg
N9A9Pg9
ANB

2.15
6.61

28.9
99.26
6.36

25.48
8.3

12.88
22.6
6.58

2.22
1.96
6.51
7.19
2.38
8.84
2.5
5.68
4.64
2.15

0.06
4.42

22.7
97.91
6.2

26.9
8.5
9.68

20.45
5.77

1.78
1.73
6.73
6.58
2.39
8.83
2.5
4.95
6.02
1.95

2.09
2.19
6.2
1.35
0.16

21.42
20.2

3.2
2.15
0.81

.0001
,.0001

.0007

.4512

.6772

.5384

.6341

.022

.139

.1303

**
**
**
NS
NS
NS
NS
*
NS
NS

A9N9B
Pg to NB
UL to E
LL to E
UL to S
LL to S
H angle
A9 to H
B9 to H

11.2
0.91
0.13
0.79
2.14
2.14

17.21
28.16
25.82

2.52
2
2.62
2.63
2.29
2.41
2.94
2.6
1.65

10.32
2.53

20.59
21.1
1.49
0.27

15.68
27.09
26.78

1.74
1.55
2.6
2.77
2.27
2.64
4.52
2.5
1.35

0.88
21.62

0.72
1.89
0.65
1.87
1.53

21.07
0.96

.105

.0006

.2971

.0098

.2844

.0069

.1455

.1105

.0135

NS
**
NS
*
NS
*
NS
NS
*

UL curve
N9 thickness
A9 thickness
UL thickness
LL thickness
B9 thickness
Pg9 thickness

22.79
7.31

14.36
11.48
15.86
11.36
12.24

1.7
1.48
1.85
1.78
1.76
1.98
1.76

22.97
7.09

14.27
12.49
15.84
11.21
11.65

1.1
1.16
1.94
1.97
1.88
1.23
2.04

0.18
0.22
0.09

21.01
0.02
0.15
0.59

.6263

.5269

.8527

.0442

.9662

.6976

.2404

NS
NS
NS
*
NS
NS
NS

a SD indicates standard deviation; NS, not significant.
* P , .05.
** Significant with the Bonferroni correction (P 5 .002).

Cephalometric analysis

Lateral cephalometric radiographs used in this study
were made using a standardized Broadbent cephalometric
technique. The pretreatment (T1), post-treatment (T2), and
long-term post-retention (T3) lateral cephalometric radio-
graphs were traced and superimposed by the same inves-
tigator. Landmarks used on each radiograph are shown in
Figure 1. The linear and angular variables measured for
each radiograph are given in Tables 2 through 8. Changes
in these variables were calculated between T1 and T2 and
between T2 and T3. An increase in a variable was recorded
as positive and a decrease was recorded as negative. Over-
all, maxillary, and mandibular superimpositions were man-
ually performed for each subject from T1 to T2 and from
T2 to T3. A linear distance representing a change over time
between landmarks was measured on the superimpositions
using the Fowler Ultra-Cal II digital caliper (Fred V. Fowler
Co, Inc, Newton, Mass). These measurements were also
made from T1 to T2 and from T2 to T3. A forward change
was recorded as positive and a backward change as nega-
tive. All linear measurements were made to the nearest 0.01
mm and the angular measurements were made to the near-
est 0.5 degree.

Overall superimposition was done to evaluate relative
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TABLE 3. Profile Measurements, Extraction Vs Nonextraction Groups at T2a

Variable

Extraction

Mean SD

Nonextraction

Mean SD Difference P Value Significance

LI to APg
LI to NB, mm
LI to NB, degrees
LI to MP
UI to NA, mm
UI to NA, degrees
NAPg
N9A9Pg9
ANB

1.38
5.12

25.9
96.68
3.11

15.35
6.58

15.38
4.46

1.56
2.03
4.23
4.84
1.67
6.38
5.57
4.7
2.36

1.41
4.9

25.36
99.13
3.51

18.46
4.62

15.17
3.83

1.57
1.87
4.75
5.14
1.36
6.07
4.06
5.46
1.52

20.03
0.22
0.54

22.45
20.4
23.11

1.96
0.21
0.63

.9343

.6572

.6515

.0662

.3133

.0575

.1106

.8775

.2031

NS
NS
NS
NS
NS
NS
NS
NS
NS

A9N9B
Pg to NB
UL to E
LL to E
UL to S
LL to S
H angle
A9 to H
B9 to H

8
2.55

24.9
23.4
22.08
21.62
10.77

24.55
25.9

1.74
1.89
2.24
2.53
2.28
2.46
3.55
2.13
1.62

7.78
3.58

24.86
23.72
21.93
21.72
10.81

24.68
26.1

1.92
1.59
2.49
2.61
2.28
2.51
4
2.04
1.32

0.22
21.03
20.04

0.32
20.15

0.1
20.04

0.13
0.2

.6459

.0239

.9478

.6427

.7982

.8819

.9706

.8198

.5872

NS
*
NS
NS
NS
NS
NS
NS
NS

UL curve
N9 thickness
A9 thickness
UL thickness
LL thickness
B9 thickness
Pg9 thickness

22.01
7.73

14.94
14.31
14.89
12.12
13.04

1.27
1.65
2.15
2.6
1.76
1.98
2.11

22.34
7.46

15.15
14.95
14.88
12.19
12.65

1.13
1.09
1.62
2.21
1.45
1.44
2.02

0.33
0.27

20.21
20.64

0.01
20.07

0.39

.2846

.4294

.6642

.3007

.9808

.8883

.468

NS
NS
NS
NS
NS
NS
NS

a SD indicates standard deviation; NS, not significant.
* P , .05.
** Significant with the Bonferroni correction (P 5 .002).

changes in the soft tissue profile resulting from both growth
and treatment response between all 3 times. Overall super-
impositions were made using the ‘‘best fit’’ of the ethmoid
triad, specifically the greater wings of the sphenoid, plati-
num sphenoidum (sphenoethmoidal plane), and the sur-
rounding detailed anatomy22 (Figure 2). Changes evaluated
using this superimposition technique were measured along
a line parallel to the average occlusal plane for the 3 times.
This ‘‘average occlusal plane’’ was determined by averag-
ing the angle of the 3 occlusal planes to a line common to
each of the superimposed tracings. It was then transferred
to the T1 tracing.

To evaluate incisor and lip changes in maxilla and mandi-
ble, while eliminating the effects of growth, maxillary and
mandibular superimpositions were performed. Maxillary su-
perimpositions were made on the anterior and posterior bor-
ders of the zygomatic process, allowing the floor of the orbit
to rise in a ratio of 1.5:1 mm in relation to the lowering of
the palatal plane23 (Figure 3). Mandibular superimpositions
were made using the ‘‘best fit’’ of the internal anatomy of the
symphysis, using the mandibular canal and inferior border of
the third molar crypt as guides 24 (Figure 4). Measurements
made from the maxillary and mandibular superimpositions
were also made parallel to the average occlusal plane.

Pretreatment overjet was measured from diagnostic mod-
els taken at T1. Lower incisor to mandibular plane angle

was taken from measurements made on this same sample
by Fidler et al.2l

Method error study

All radiographs were retraced and all variables remea-
sured for 10 cases selected at random to determine intra-
examiner error in tracing, superimposition technique, and
measurements. These duplications were performed a mini-
mum of 2 weeks apart. The error of the method was cal-
culated using Dahlberg’s formula.25

2SUM D
Sx 5 sq root of

2n

where D is the difference between double measurements
and N is the number of duplicated measurements. The mean
error for linear measures was between 0.1 mm and 1.2 mm
and for angular measures was between 0.48 and 1.68.

Analysis of data

Means of the variables measured from the lateral ceph-
alometric radiographs at T1, T2, and T3 were calculated.
To compare profile status at T1, T2, and T3, between-group
differences were assessed using 2-sample t-tests for un-
paired data (independent samples).

Means were also calculated for the changes in the linear
and angular profile measures and for changes measured
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TABLE 4. Profile Measurements, Extraction Vs Nonextraction Groups at T3a

Variable

Extraction

Mean SD

Nonextraction

Mean SD Difference P Value Significance

LI to APg
LI to NB, mm
LI to NB, degrees
LI to MP
UI to NA, mm
UI to NA, degrees
NAPg
N9A9Pg9
ANB

1.38
5.38

26.59
97.56
3.97

18.04
4.84

12.2
4.12

1.19
1.78
4.91
5.26
1.6
6.89
5.79
4.94
2.5

1.15
4.92

24.31
99.05
4.21

19.56
3.29
9.82
3.24

1.33
1.61
5.98
5.63
1.68
6.7
5.32
6.42
1.96

0.23
0.46
2.28

21.49
20.24
21.52

1.55
2.38
0.88

.5153

.3042

.1277

.3147

.5709

.3964

.2965

.1376

.1315

NS
NS
NS
NS
NS
NS
NS
NS
NS

A9N9B
Pg to NB
UL to E
LL to E
UL to S
LL to S
H angle
A9 to H
B9 to H

7.26
3.51

27.07
24.93
23.62
22.54

8
23.99
26.58

1.91
2.09
3.05
2.91
2.65
2.45
4.01
2.38
1.63

6.05
4.2

27.93
26.29
24.17
23.5

6.72
23.84
26.49

2.06
1.79
2.73
2.92
2.32
2.73
4.84
1.81
1.47

1.21
20.69

0.86
1.36
0.55
0.96
1.28

20.15
20.09

.0256

.1814

.2682

.09

.4054

.1828

.3

.7802

.8274

*
NS
NS
NS
NS
NS
NS
NS
NS

UL curve
N9 thickness
A9 thickness
UL thickness
LL thickness
B9 thickness
Pg9 thickness

21.49
8.47

14.93
12.95
15.22
12.05
13.48

0.99
1.44
2.92
2.79
2.14
1.26
2.22

21.97
8.35

14.81
13.22
14.82
12.48
13.66

1.19
1.37
2.33
2.45
1.95
1.4
2.67

0.48
0.12
0.12

20.27
0.4

20.43
20.18

.1077

.7487

.8577

.6855

.4612

.2384

.7908

NS
NS
NS
NS
NS
NS
NS

a SD indicates standard deviation; NS, not significant.
* P , .05.
** Significant with the Bonferroni correction (P 5 .002).

from the superimpositions for T1 to T2 and T2 to T3. To
determine if these changes were significantly different be-
tween extraction and nonextraction groups, 2-sample t-tests
for unpaired data were used.

A large number of t-tests were carried out between
groups. In order to reduce the possibility of some t-tests
achieving significance due to chance alone, Bonferroni cor-
rections were carried out separately for t-tests between
groups for each time period and between time periods be-
tween groups. Only those t-tests with P-values less than the
corresponding Bonferroni correction were considered sig-
nificant. The significance level for this correction was .002
for the measurements made from each separate radiograph
at T1, T2, and T3 and .001 for the changes between time
periods.

To determine if there was any association between lip
position at T2 or T3 and the profile status at T1, or the
changes in profile during treatment, a stepwise backward
elimination regression procedure was employed. Regression
models were built for the upper as well as the lower lip,
looking separately at the associations with pretreatment var-
iables and with treatment changes in these variables. A cor-
relation coefficient equal to or greater than 0.70 was con-
sidered clinically significant.

RESULTS

Results for the comparison of the extraction and nonex-
traction groups are presented in Tables 2 through 4. t-tests
with P-values less than .05 are indicated to note that, with-
out the Bonferroni correction, these would be considered
significant. Considerable individual variation was observed
in both the profile measures and changes between time pe-
riods. All subjects grew during the study period, as evi-
denced by a mean change in the position of articulare of
6.84 mm from T1 to T2 and 4.62 mm from T2 to T3.

Pretreatment

Pretreatment mean hard and soft tissue profile measure-
ments for the extraction and nonextraction groups are pre-
sented in Table 2. No significant differences between
groups were found except in the position of the lower in-
cisor and the amount of chin prominence. In the extraction
group, the lower incisor was significantly further forward
relative to APg and NB lines and significantly more proc-
lined relative to the NB line. Hard tissue chin prominence,
as measured by Pg relative to the NB line, was significantly
greater in the nonextraction group.
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TABLE 5. Significant Changes, Extraction Vs Nonextraction, T1–T2a

Variable

Extraction

Mean SD

Nonextraction

Mean SD Difference P Value Significance

LI to APg
LI to NB, mm
LI to NB, degrees
LI to MP
UI to NA, mm
UI to NA, degrees
NAPg
N9A9Pg9
ANB

20.78
21.49
23
22.58
23.34

210.13
26.29
27.23
22.12

2.05
1.96
7.24
6.5
1.67

10
3.72
3.25
1.6

1.35
0.48
2.66
1.22

22.69
28.44
25.06
25.28
21.94

1.43
1.98
5.89
5.94
2.3
9.45
3.58
4.09
1.44

22.13
21.97
25.66
23.8
20.65
21.69
21.23
21.95
20.18

,.0001
.0003
.0012
.0211
.178
.5029
.1977
.0524
.6493

**
**
**
*
NS
NS
NS
NS
NS

A9N9B
Pg to NB
UL to E
LL to E
UL to S
LL to S
H angle
A9 to H
B9 to H

23.2
1.64

25.03
24.19
24.21
23.76
26.44

3.6
20.08

2.48
1.27
1.62
1.74
1.51
1.67
2.37
1.85
1.36

22.53
1.04

24
22.44
23.14
21.83
24.87

2.41
0.68

1.78
0.96
1.68
1.89
1.78
2.01
2.88
2.09
1.43

20.67
0.6

21.03
21.75
21.07
21.93
21.57

1.19
20.76

.2229

.0391

.0209

.0008

.0194

.0003

.029

.0253

.0393

NS
*
*
**
*
**
*
*
*

UL curve
N9 thickness
A9 thickness
UL thickness
LL thickness
B9 thickness
Pg9 thickness

0.88
0.42
0.58
2.84

20.98
0.76
0.8

1.71
0.91
2.03
2.4
1.72
1.26
1.39

0.63
0.36
0.88
2.46

20.96
0.98
1.01

1.08
0.99
1.9
2.06
2.02
1.5
1.16

0.25
0.06

20.3
0.38

20.02
20.22
20.21

.242

.8068

.5553

.5132

.9834

.5533

.5267

NS
NS
NS
NS
NS
NS
NS

a SD indicates standard deviation; NS, not significant.
* P , .05.
** Significant with the Bonferroni correction (P 5 .002).

Post-treatment

Post-treatment mean hard and soft tissue profile mea-
surements for the extraction and nonextraction groups are
presented in Table 3. No statistically significant differences
between the extraction and nonextraction groups were
found.

Long-term post-retention

Long-term post-retention hard and soft tissue profile
mean measurements for the extraction and nonextraction
groups are presented in Table 4. No statistically significant
differences between the extraction and nonextraction
groups were found for the hard and soft tissue profile mea-
surements long-term post-retention.

Treatment changes (T1 to T2)

A comparison of the treatment changes for the extraction
and nonextraction groups is shown in Tables 5 and 6. Sig-
nificant differences between groups were found for the
changes in lower lip and lower incisor only. Significantly
greater retraction of the lower lip relative to the esthetic
and S planes was observed in the extraction group. Man-
dibular superimpositions also revealed that the extraction
group exhibited significantly more retraction of the lower

lip and lower incisor during the treatment period. No other
intergroup differences were found for treatment changes.
Retraction of the upper lip relative to esthetic plane also
occurred, with no significant difference between groups. No
significant differences were observed between groups in the
amount of mandibular growth as measured by change at
articulare. Nasal development and forward movement of
soft tissue chin as measured on the overall superimpositions
were also not significantly different between groups during
treatment.

Long-term post-treatment changes (T2 to T3)

Long-term post-retention changes for the extraction and
nonextraction groups are presented in Tables 7 and 8. Sig-
nificant changes did occur from post-treatment to long-term
(mean 14 years), but these changes were not significantly
different between the extraction and nonextraction groups.
The upper and lower lips became more retrusive relative to
esthetic and S planes. Overall superimpositions revealed
that this change was due to significant nasal development
and forward movement of the soft tissue chin. No signifi-
cant differences were observed between groups in the
amount of long-term nasal development, forward soft tissue
chin movement, or mandibular growth as measured by
change at articulare.
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TABLE 6. Significant Changes From Superimpositions, Extraction Vs Nonextraction Groups, T1–T2a

Variable

Extraction

Mean SD

Nonextraction

Mean SD Difference P Value Significance

Overall superimposition

N9
Nose tip
A9
UL
LL
B9
Pg9
N
A
B
Pg
UI
LI

1.87
4.41
0.16

21.03
0.06
1.98
3.72
1.45

20.3
1.54
3.08

24.93
0.28

1.94
3.63
3.08
3.45
3.12
2.8
3.03
1.69
1.93
2.56
3.19
2.82
2.93

2.01
4.68
0.73

20.07
1.51
2.51
3.06
1.63

20.08
1.52
2.44

23.6
2.28

1.79
3.54
2.4
2.6
3.05
2.47
2.97
1.25
1.54
2.24
2.7
2.5
2.32

20.14
20.27
20.57
20.96
21.45
20.53

0.66
20.18
20.22

0.02
0.64

21.33
22

.7603

.7808

.4149

.2161

.0746

.4407

.4001

.6186

.616

.968

.3968

.0561

.0039

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
*

Maxillary superimposition

A9
UL
UI

20.61
21.76
25.58

2.23
2.63
2.44

0.18
20.54
24

1.98
2.25
2.22

20.79
21.22
21.58

.1477

.0541

.0108

NS
NS
*

Mandibular superimposition

LL
B9
LI
Articulare

22.92
20.76
22.2

6.36

2.53
1.32
1.85
5.83

20.98
0.07

20.09
7.13

2.08
1.21
1.32
4.38

21.94
20.83
22.11
20.77

.0016

.0134
,.0001

.5517

**
*
**
NS

a SD indicates standard deviation; NS, not significant.
* P , .05.
** Significant with the Bonferroni correction (P 5 .0011).

Changes pretreatment (T1) to long-term
post-treatment (T3)

No significant differences between groups were found in
the changes from T2 to T3. Consequently, the differences
between groups found from T1 to T3 reflect those found
from T1 to T2. Therefore, a separate consideration of the
composite changes that occurred from T1 to T3, was not
necessary.

Regressions

Backwards stepwise regression analyses were run to de-
termine if the pretreatment status of any of the profile var-
iables or if any of the treatment changes could be used as
predictors of lip position relative to the esthetic plane post-
treatment or long-term. Associations with correlations of
.70 or greater were found for the post-treatment and long-
term positions of the lower lip only.

Lower lip position relative to
esthetic plane at T2

Positive associations were found between the position of
the lower lip relative to the esthetic plane at T2 and the
position of the lower lip relative to esthetic plane at T2 and
the size of the ANB angle at T1. The correlation coeffi-
cients were 0.84 and 0.74, respectively.

Lower lip position relative to
esthetic plane at T3

A positive correlation coefficient of 0.74 was found be-
tween the position of the lower lip relative to esthetic plane
at T3 and the position of the lower lip relative to the es-
thetic plane at T1. A negative association was found be-
tween the position of the lower lip relative to the esthetic
plane at T3 and the thickness of the lower lip at T1. The
correlation coefficient was 20.90.

DISCUSSION

Prior to treatment, the 2 groups of Class II division 1
malocclusions presented with almost identical hard and soft
tissue profile characteristics with only 2 significant differ-
ences. In the extraction group, the lower incisor was posi-
tioned further forward and was more proclined relative to
skeletal landmarks. The position and inclination of the up-
per incisor was the same in each group. Despite this dif-
ference in lower incisor position, the 2 groups did not differ
in mean pretreatment overjet, which was 8.3 mm in the
extraction group and 8.5 mm in the nonextraction group.
The second difference was that the nonextraction group pre-
sented with a larger hard tissue chin button, which was not
reflected, however, in significant differences between
groups in hard and soft tissue convexity measurements or
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TABLE 7. Significant Changes, Extraction Vs Nonextraction Groups, T2–T3a

Variable

Extraction

Mean SD

Nonextraction

Mean SD Difference P Value Significance

LI to APg
LI to NB, mm
LI to NB, degrees
LI to MP
UI to MA, mm
UI to NA, degrees
NAPg
N9A9Pg9
ANB

0.18
0.23
0.61
0.64
0.88
2.5

21.14
22.8
20.36

1.16
1.19
4.61
4.34
1.2
6.35
3.25
3.7
1.19

20.3
0.03

21.05
20.08

0.71
1.1

21.34
25.29
20.59

1.25
1.79
3.99
4.52
1.23
4.18
3.76
4.53
1.32

0.48
0.2
1.66
0.72
0.17
1.4
0.2
2.49
0.23

.1479

.6372

.1407

.5475

.5924

.3

.8311

.0325

.5014

NS
S
NS
NS
NS
NS
NS
*
NS

A9N9B
Pg to NB
UL to E
LL to E
UL to S
LL to S
H angle
A9 to H
B9 to H

20.7
0.86

22.12
21.44
21.49
20.83
22.77

0.52
20.79

1.47
0.63
2.4
1.67
1.92
1.34
2.82
1.79
1.09

21.73
0.62

23.06
22.46
22.28
21.74
24.03

0.86
20.35

1.71
1.18
2.32
2.04
1.88
1.91
3.43
1.72
1.26

1.03
0.24
0.94
1.02
0.79
0.91
1.26

20.34
20.44

.019

.3896

.1543

.0588

.138

.0589

.1522

.4607

.1687

*
NS
NS
NS
NS
NS
NS
NS
NS

UL curve
N9 thickness
A9 thickness
UL thickness
LL thickness
B9 thickness
Pg9 thickness

0.5
0.65

20.04
21.43

0.25
0.15
0.72

0.9
1.62
1.63
1.71
1.24
0.15
1.32

0.36
0.9

20.34
21.73
20.06

0.3
1

1.14
1.26
1.65
1.69
1.51
1.4
2.02

0.14
20.25

0.3
0.3
0.31

20.15
20.28

.6343

.5056

.4968

.5036

.4082

.6619

.5698

NS
NS
NS
NS
NS
NS
NS

a SD indicates standard deviation; NS, not significant.
* P , .05.
** Significant with the Bonferroni correction (P 5 .0011).

in lip position relative to the nose and chin. The initial soft
tissue profiles of each group were the same.

Correction of the Class II malocclusions was accom-
plished primarily with cervical headgear to redirect or in-
hibit maxillary anterior development with concurrent man-
dibular growth and maxillary incisor retraction. After suc-
cessful completion of treatment, comparison of the extrac-
tion and nonextraction groups revealed no differences in
any measures of hard or soft tissue profile between the ex-
traction and nonextraction groups. Following an average
post-retention period of 14 years, group comparisons also
revealed no differences in any profile measures. In short,
the facial profiles of the extraction and nonextraction
groups were the same following treatment and long-term
post-retention.

These findings are comparable to those reported by Fin-
noy et al,2 who found ‘‘strikingly similar morphology’’ of
the hard and soft tissue profiles in their comparison of ex-
traction and nonextraction groups 3 to 5 years post-reten-
tion. They found very few differences in soft tissue profile
and no differences in incisor and lip position. As in the
present study, their pretreatment extraction group exhibited
a lower incisor that was more procumbent and proclined
relative to the NB line. Paquette, Beattie, and Johnston4 also
started with very similar profiles in their ‘‘borderline’’ ex-
traction sample. They found that following treatment, lip

retrusion relative to esthetic plane was greater in their ex-
traction group, while the incisors were more proclined and
procumbent relative to skeletal reference lines in their no-
nextraction group. It is interesting to note that this differ-
ence in incisor position between groups was still evident
after an average of 14.5 years post-retention, while the post-
treatment difference in lower lip position relative to esthetic
plane was no longer significant.

In the present study, mandibular superimpositions re-
vealed that during treatment the lower incisor in the ex-
traction group was retracted, while no change occurred in
the nonextraction group. This dissimilar incisor change dur-
ing treatment offset the pretreatment differences between
groups in lower incisor position so that following treatment,
incisor position was the same in each group. The lower lip
was also retracted more relative to the nose and chin in the
extraction group, but this difference in lip change was not
reflected in any differences in facial profile between groups
following treatment.

Finnoy et al2 also found greater retraction of the lower
incisor in their extraction group during treatment, with neg-
ligible change in the nonextraction group. They did not find
any intergroup differences in the amount of retraction of
the lips relative to the esthetic plane. Paquette et al4 ob-
served that following treatment the lower incisors were sig-
nificantly more proclined in the nonextraction group, while
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TABLE 8. Significant Changes From Superimpositions, Extraction Vs Nonextraction Groups, T2–T3a

Variable

Extraction

Mean SD

Nonextraction

Mean SD Difference P Value Significance

Overall superimposition

N9
Nose tip
A9
UL
LL
B9
Pg9
N
A
B
Pg
UI
LI

1.94
2.92
1.23
1.03
1.79
1.62
3.23
1.29
1.3
1.56
2.16
2.43
1.76

2.3
3.1
2.37
2.67
3.01
3.9
5.13
1.13
1.27
3.24
4.52
2.37
2.98

2.88
4.42
1.83
1.67
3.16
3.48
4.94
1.98
2.04
3
3.82
3.22
2.68

1.91
2.91
2.63
2.82
3.16
3.48
4.94
1.27
1.72
3.49
4.48
2.59
2.78

20.94
21.5
20.6
20.64
21.37
21.86
21.71
20.69
20.74
21.44
21.66
20.79
20.92

.0909

.0722

.3648

.3789

.4162

.0662

.1843

.0365

.0778

.1133

.1746

.2395

.2255

NS
NS
NS
NS
NS
NS
NS
*
NS
NS
NS
NS
NS

Maxillary superimposition

A9
UL
UI

0.4
0.28
1.68

1.79
1.89
1.86

0.4
0.39
1.96

2.02
2.16
1.67

0
20.11
20.28

.9916

.8361

.5531

NS
NS
NS

Mandibular superimposition

LL
B9
LI
Articulare

0.55
0.02
0.59
2.9

1.35
0.88
0.88
3.27

0.15
0.58
0.3
5.66

1.57
1.11
0.94
4.89

0.4
20.56

0.29
22.76

.3186

.0496

.2543

.0194

NS
*
NS
*

a SD indicates standard deviation; NS, not significant.
* P , .05.
** Significant with the Bonferroni correction (P 5 .0011).

FIGURE 2. Overall superimposition.

FIGURE 3. Maxillary superimposition.

slight retraction was noted in the extraction group. A pos-
sible explanation for this difference in findings is that the
sample studied by Paquette et al4 started treatment with no
differences between groups in initial incisor position, which
would be in accord with their selection of a ‘‘borderline
extraction’’ sample. It is reasonable to assume that the dif-
ference in extraction and nonextraction mechanics and

space closure would be reflected in the corresponding dif-
ferences seen in their post-treatment lower incisor position.
In the present study, pretreatment sample characteristics
showed a more protrusive and procumbent lower incisor
position in the extraction group initially. Accordingly, the
same treatment changes described by Paquette et al,4 and
also found in this study, resulted in the incisor position
being the same in each group following active treatment.
In agreement with the present investigation, Paquette et al4
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FIGURE 4. Mandibular superimposition.

FIGURE 5. Rickett’s E plane and Steiner’s S plane.

also noted more lower lip retraction relative to esthetic
plane in their extraction sample.

Although the lips were more retrusive relative to esthetic
plane in both groups following treatment, the amount of
this change was the same for each group. This decrease in
facial profile convexity secondary to orthodontic treatment
has also been reported by numerous other investigators.2,9,14

Cranial base superimpositions revealed that the chin and
nose moved forward relative to the lips by similar amounts
in both groups, and it appeared that this mandibular growth
and nasal development contributed more to the flattening
of the profile than did actual lip retraction. The amount of
mandibular growth and nasal development that occurred
during treatment was not statistically different between ex-
traction and nonextraction groups.

During the mean post-retention period of 14 years, sig-
nificant flattening of the profile continued to occur, but
these changes were also the same in each group. Conse-
quently, the long-term facial profiles were the same, inde-
pendent of whether or not premolar extraction was per-

formed. This continued decrease in facial convexity was
also observed during a 3- to 5-year post-retention interval
by Finnoy et al,2 who observed that this soft tissue change
was the same in spite of differences in long-term incisor
position. In the present study, the significant and similar
amounts of mandibular growth and nasal development ob-
served during the post-retention interval surpassed the
slight forward movement of the lips and resulted in further
long-term retrusion of the lips relative to the nose and chin.
A thinning of the upper lip occurred during this period as
well. As there were no differences between groups in these
post-retention changes, it appears that the flattening of the
profile that occurred with time was primarily due to mat-
urational changes associated with continued mandibular
growth and nasal development and is not influenced by
tooth removal. Progressive flattening of the facial profile
has been well documented in numerous untreated sam-
ples16,19 as well as in long-term post-treatment studies.2,4

These long-term post-treatment studies also found, inciden-
tally, that there were no differences in long-term lip posi-
tion when comparing extraction and nonextraction samples.

Prior to treatment, lip position in both groups was pro-
trusive relative to the nose and chin based upon the esthetic
ideals proposed by Ricketts26 24 mm for the upper lip and
22 mm for the lower lip. Lip position relative to the S line
was also more protrusive than Steiner’s ideal of the lips
lying tangent to this plane.27 Although the initial profiles
were also more protrusive than the values reported by Fors-
berg and Odenrick28 for untreated normals of this age
group, they were very similar to values reported by oth-
ers.18,19,29

Following active treatment, lip position relative to the
nose and chin was the same in each group, with both groups
exhibiting moderately more lip retrusion than Ricketts ide-
als and the values reported for untreated normals of this
age group by Bishara et al,29 Beget,18 and Nanda et al.19

The lips were considerably more retrusive, however, when
compared with Steiner’s ideal. Long-term lip retrusion was
considerably greater than the ideals suggested by both Rick-
etts and Steiner, but was only slightly more retrusive than
the values reported for normal untreated adults of similar
age by Beget,18 and of a slightly lower age group reported
by others.28,30

In agreement with previous studies,2,12,17,18,29 soft tissue
convexity decreased during treatment and this decrease pro-
gressed with time, independent of extraction. The soft tissue
ANB and NAPG angles as well as the H angle decreased
similarly throughout the study period in both groups. It is
of interest to note that at the end of treatment as well as
long-term post-retention, the soft tissue ANB and H angles
were very similar to the values reported for untreated nor-
mals of the same average age.18 The H angle did not reach
the ideal values proposed by Holdaway31 until long-term
post-retention.

A better understanding of what contributes to the ob-
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served profile changes would certainly assist the clinician
in treatment planning by allowing anticipation of the soft
tissue response to changes of the underlying skeleton and
dentition and with normal maturation. Few pretreatment
hard or soft tissue characteristics or changes concurrent
with active treatment were strong predictors of profile out-
comes either after treatment or long-term. Predictors were
found for the position of the lower lip post-treatment and
long-term post-retention. The more retruded the lower lip
was to esthetic plane pretreatment, the more likely it was
to be retruded after treatment and long-term. In addition,
the less severe the pretreatment skeletal Class II malocclu-
sion, as defined by the skeletal ANB angle, the more likely
the lower lip was to be retrusive relative to esthetic plane
post-treatment. Finally, the greater the lower lip thickness
pretreatment, the more retrusive the lower lip long-term.
This final association may be due to the presence of initial
lower lip eversion secondary to excess overjet.

Consistent with other studies,2–9,11–15,20,28–30 large individ-
ual variation was found in the hard and soft tissue profile
measurements both during and after treatment. This was
especially true for lip position relative to the esthetic plane.

Studies evaluating the soft tissue profile and lip thickness
must also consider the effect of lip strain on the accuracy
of measurements of static lip position and response. Lip
tension will vary between individuals and between time pe-
riods for any one individual. Inability to control or quantify
this variable remains a shortcoming of retrospective soft
tissue cephalometric studies.

The use of Ricketts’ esthetic plane26 and other measures
to assess the profile in this study comes with the subtle
implication that these standards may be good indicators of
whether or not a face is esthetic. The perception of an es-
thetic face is much more than the sum of these sagittal
measurements. The view of the entire face (not necessarily
in a static position), the balance and harmony of the parts,
and the 3-dimensional character all play roles in each in-
dividual’s perception of what constitutes a pleasing facial
appearance.

This study demonstrated that in successfully treated cases
where teeth were extracted for a combination of reasons
(and the cases therefore differed initially in lower incisor
position and hard tissue chin prominence from nonextrac-
tion cases) the same soft and hard tissue profile endpoints
were reached post-treatment and long-term. The results can-
not be extrapolated to extraction and nonextraction cases
that are perfectly matched pretreatment. It would be inter-
esting to evaluate matched extraction and nonextraction
cases with significant pretreatment arch length deficiencies,
protrusion, or both, or with minimal pretreatment arch
length deficiencies and protrusion. Further studies are need-
ed to provide information regarding the soft tissue respons-
es in these types of matched samples.

CONCLUSIONS

The soft tissue facial profiles of patients with Class II
division 1 malocclusion who were successfully treated with
extraction and nonextraction treatment were the same fol-
lowing active treatment and long-term post-retention.

The facial profile continued to flatten both during treat-
ment and long-term. This progressive decrease in soft tissue
convexity was primarily due to the maturational changes
associated with continued mandibular growth and nasal de-
velopment, and was not influenced by whether or not teeth
were removed.

Long-term lip position was more retrusive than the ideals
suggested by Ricketts and Steiner, but were close to the
values reported for normal, untreated adults of similar age.

The pretreatment position and thickness of the lower lip
as well as the initial maxillomandibular skeletal relationship
may be predictors for post-treatment or long-term lower lip
position.
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