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The impact of extraction vs nonextraction treatment on soft tissue changes

in Class I borderline malocclusions

Dimitrios Konstantonisa

ABSTRACT
Objective: To obtain through the use of discriminant analysis a relatively bias-free sample of
extraction and nonextraction, Class I, equally susceptible to both treatments’ malocclusions and to
analyze retrospectively the soft tissue changes between the two different treatment groups.
Materials and Methods: The cephalometric, model, and demographic data of 215 patients
(females and males) fueled a stepwise discriminant analysis that provided the borderline homo-
genous subsample (30 extraction and 32 nonextraction cases). The pretreatment and postreat-
ment cephalograms of the borderline sample were then subjected to a thorough soft tissue
cephalometric analysis.
Results: The results indicated that the three variables that played the most important role in the
clinician’s treatment decision were indicators of lower crowding, soft tissue convexity, and lower
incisor protrusion. Significant differences (P , .001) regarding upper and lower lip protrusion,
upper lip thickness (P , .05), and the nasiolabial angle (P , .05) occurred.
Conclusion: Extraction treatment of Class I borderline malocclusions led to significant soft tissue
changes regarding the upper and lower lip position and thickness as well as the nasiolabial angle,
whereas the nonextraction treatment resulted in significant upper lip retraction and lower lip
protraction. (Angle Orthod. 2012;82:209–217.)
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INTRODUCTION

One of the major reasons patients seek orthodontic
treatment is to improve their facial appearance.1–9 In
the orthodontic literature, the perception of ideal facial
esthetics, mainly identified with the patient’s profile,
and the employment of either one of the two main treat-
ment approaches (extraction or nonextraction) have
been highly controversial issues.10–26

The controversy becomes even greater when deal-
ing with borderline cases. Numerous investigations
have been conducted on postreatment soft tissue
changes, especially in Class II malocclusions. The
impact of orthodontic treatment on the facial esthetics
of Class I malocclusions has been traditionally given

little attention. Seldom do the inclusion criteria of pre-
vious studies secure that all cases are equally sus-
ceptible to either treatment technique (extraction or
nonextraction) at the outset of treatment; hence, dif-
ferences detected at the end could be attributed
reliably to treatment itself. As has been shown,27,28

susceptibility biases can be successfully overcome
through the use of a discriminant analysis.

MATERIALS AND METHODS

Sample Collection

The purpose of this study was to obtain, through the
use of a discriminant analysis, a relatively bias-free
sample of extraction and nonextraction Class I equally
susceptible to both treatments and to analyze retro-
spectively the soft tissue changes between the two
different treatment groups. The only records used were
those from the active retention files of the Saint Louis
University Graduate Orthodontic Clinic.

The parent sample consisted of 215 patients. Of
them, 149 were treated without extractions and 66 with
four first premolar extractions. All patients were White
males or females with a full complement of teeth exhi-
biting Class I dental and skeletal malocclusion. The
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treatment they received did not include the use of a
functional appliance or any orthognathic surgical
procedure.

Data Collection: Sample Reduction

Pretreatment and posttreatment cephalograms, with
teeth occluding in centric occlusion and lips relaxed,
were gathered from the retention files of the parent
sample.

A stepwise discriminant analysis was then employed
to identify the subsample of patients who could have
been treated with either treatment approach (border-
line cases). The extensive series of 27 cephalometric
and six model measurements, along with the variables
of age and gender, fueled the discriminant analysis,
thus attempting to obtain a complete representation of
all the dental, skeletal, soft tissue, and demographic
elements that might have influenced the clinician in the
treatment decision (Table 1).

A standardized discriminate score (Dz) was calcu-
lated for each of the 215 patients. The univariate
representation of the discriminant Z scores is shown
in Figure 1. The group centroids, which represent the
mean of the discriminate scores, were calculated for
each group. The optimal cutting score was obtained
using the formula for critical cutting score value for
unequal group sizes.29 The 30 extraction and 32
nonextraction patients whose score fell closest to the
critical cutting score were identified as the borderline
subsample. The histogram in Figure 2 shows the
distribution of the discriminant scores for the borderline
subsample.

Analyzing the data gathered from the parent
sample, the discriminant function incorporated three
significant (P , .01) discriminating variables, which
in descending order of importance (based on the
magnitude of their standardized coefficients), were
lower tooth-arch discrepancy, lower lip to E-plane,
and the FMIA angle. To assess soft tissue changes,
the measurements shown in Table 2 and Figures 3, 4,
and 5 were used.

Error of the Cephalometric Method

With the aid of a table of random numbers, 12
cephalograms were selected and analyzed a second
time. The error standard deviation of the double deter-
minations for each cephalometric measurement was
then assessed using Dahlberg’s formula: !(Sd)2/2N,
where d 5 the difference between two successive
measurements and N 5 11 for the 11 cephalometric,
computer-generated measurements.

Statistical Analysis

Means and standard deviations of the 11 variables
previously described were calculated for both groups
before and after treatment. The means and standard
deviations for the differences that each treatment
group experienced from pretreatment to posttreat-
ment were also calculated. Independent-sample
t-tests were performed to test the significance of the
differences between the change values of the two
different treatment groups. Paired t-tests were per-
formed to test the null hypothesis that no differences
exist within the same treatment group between the
onset and the end of treatment in the cephalometric
measurements. The levels of significance tested were
P , .05 and P , .01.

RESULTS

Borderline Sample: Soft Tissue Changes

Average tracings for the extraction and the nonex-
traction groups at the start and at the end of treatment

Table 1. Cephalometric Analysis Measurements: Model

Measurements and Demographic Variables

No. Measurement Characteristic

1. SNA Maxillary position

2. SNB Mandibular position

3. ANB Maxillo-mandibular relationship

4. U1-SN Upper incisor protrusion

5. U1-NA Upper incisor protrusion

6. NSGn Mandibular size/position

7. FMIA Lower incisor protrusion

8. IMPA Lower Incisor protrusion

9. FMA Facial height/orientation of

mandible

10. L1-NB Lower incisor protrusion

11. U1-L1 Upper-lower incisor relationship

12. SN-Pal.Plane Palatal position/cant

13. SN-Occl.Plane Occlusal plane cant/position

14. Z angle Profile convexity

15.PNS-A Maxillary size

16. PTV-U6 Upper molar position

17. U1-NA Upper incisor position

18. L1-NB Lower incisor position

19. L1-A Pg Lower incisor position

20. Pg-NB Bony chin size

21. WITS Maxillo-mandibular relationship

22. N-Me Total face height

23. N-ANS Upper face height

24. ANS-Me Lower face height

25. LL-E Plane Lower lip protrusion

26. S-Go Mandibular position

27. S-Ar Mandibular position

28. Overbite

29. Overjet

30. Upper tooth-arch discrepancy

31. Lower tooth-arch discrepancy

32. Upper midline deviation

33. Lower midline deviation

34. Age

35. Gender
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are shown in Figures 6 and 7. The results of de-
scriptive and inferential statistics, calculated for all the
cephalometric soft tissue measurements, are listed in
Tables 3, 4, and 5.

The error standard deviations for the double
determinations for each of the 11 cephalometric
measurements are listed in Table 6. The measure-
ment errors are comparable to those reported in the
literature14,16,30,31 and should not therefore interfere with
the interpretation of the results.

Intergroup Postreatment Differences

The mean change values for the upper lip to E-plane
were 22.75 mm for the extraction and 20.68 mm for
the nonextraction group. The lower lip was retracted
23.34 mm relative to the E-plane in the extraction
group and brought forward 0.67 mm in the nonextrac-
tion group. In relation to Burstone’s Sn-Pg9 line, the
upper lip was retracted 21.82 mm in the extraction and
20.17 mm in the nonextraction group, whereas the
lower lip was retracted 22.55 mm and brought forward
1.01 mm, respectively.

From the measurements estimating lip thickness
and sulcus depth, only the mean value change for

upper lip thickness proved to be statistically significant
(P , .05), exhibiting an increase of 2.17 mm in the
extraction vs 0.55 mm in the nonextraction group.

The nasiolabial angle had a statistically significant
(P , .05) increase of 5.34u within the extraction group
and a decrease of 20.24u within the nonextraction
group. Table 5 shows the results of the two sample
t-tests that were run to evaluate differences in the
mean value changes between the two different treat-
ment groups.

Intragroup Differences for the Extraction Sample

All parameters estimating upper and lower lip
protrusion relative to the E-plane and the Sn-Pg9 line
indicate a retraction of both lips, which was statistically
significant (P , .01). At the beginning of the treatment,
the upper and lower lips were 22.58 and 0.61 mm
behind and in front of the E-plane, respectively. At the
end, both lips were found to be 25.33 and 22.73 mm
behind the E-plane. The upper and lower lip protrusion
relative to the Sn-Pg9 line decreased from 4.32 and
4.58 to 2.50 and 2.02 mm, respectively.

The upper lip thickness increased significantly from
13.22 to 15.39 mm at the end of treatment (P , .01).

Figure 1. Parent sample: standardized discriminant scores.
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The maxillary sulcus depth increased also significantly
from 1.82 to 2.24 mm (P , .05). The nasiolabial angle
became more obtuse, thus exhibiting a statistically
significant increase from 109.57u to 114.94u (P , .05).

It is interesting to note that in the extraction group,
the amount of incisor display did not change signifi-
cantly. The paired t-test results for the extraction
sample can be found in Table 3.

Intragroup Differences for the
Nonextraction Sample

In the nonextraction group, the upper lip to E-plane
measurement indicated a significant retraction (P , .05)
from 23.66 mm at the onset to 24.34 mm at the end of
treatment. Regarding the rest of the parameters, there
were minimal, nonsignificant changes. The results of
the paired t-tests for the nonextraction group are shown
in Table 4.

DISCUSSION

Discriminant Analysis: Borderline Patient

The discriminant function incorporated three vari-
ables that were unique in their ability to discriminate
between the two different treatment approaches. The
first variable that entered the function was the lower
tooth-arch discrepancy. Indeed, most clinicians base a
large part of their treatment decision on the amount of
crowding the patient exhibits. The second variable of

Figure 2. Borderline sample: standardized discriminant scores.

Table 2. Soft Tissue Analysis

Measurement Description

Profile

G9-Sn-Pg9 Glabella-subnasale-S.t. pogonion

Lip protrusion

Ls-E-plane Labrale superiorous - E-plane

Li-E-plane Labrale inferiorous - E-plane

Ls-Sn-Pg9 Labrale superiorous - subnasale-S.t.

pogonion

Li-Sn-Pg9 Labrale inferiorous - subnasale-S.t.

pogonion

Upper incisor exposure

Is-Stm Incision superiorous-stomion (FH)

Lip thickness

Is-Ls Incision superiorous-labrale superiorous

(FH)

Ii-Li Incision inferiorous-labrale inferiorous (FH)

Max. Sulcus - Sn-Ls Sup.labial sulcus - subnasale-labrale sup.

Mand. Sulcus - Li-Pg9 Labiomental fold - labrale inf.-S.t. pogonion

Nose and upper lip

Nasiolabial angle Subnasale-columella-labrale superiorous
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lower lip to E-plane indicates the clinicians’ concern
about facial esthetics and specifically soft tissue
profile. The variable of the angle formed by the lower
incisor long axis and Frankfort Horizontal (FMIA) was
the third and last variable that entered the function. As
known, the discriminant analysis functions in accor-
dance to the data fueled. Subsequently, the angle that
indicates the orientation of the lower incisor to the face
is regarded as a very important parameter in the
orthodontist’s treatment-planning process.16,27,32

In the parent sample, 66 of 215 cases were treated
with removal of the four first premolars. The extraction
rate in treating these Class I malocclusions reached
30.6%. Similar study results reported by O’Conner33 on

814 US orthodontists indicated that the percentage of
cases treated by extraction has decreased from
37.74% to 29.28%. Studies from previous decades
that used similar samples reported a significantly
higher extraction rate. Paquette et al.27 examined a
sample that was treated in the 1970s and found an
extraction rate of 55%.

The statistical analysis showed that there were
significant differences between the two treatment
groups in the parent sample but not in the borderline
sample. Considering the variable of tooth-arch dis-
crepancy, which accounted more for its discriminating
power, one can then see (Table 7) that the mean value

Figure 3. (1) Upper lip to Sn-Pg9 line. (2) Lower lip to Sn-Pg9 line.

(3) Upper lip to E-plane. (4) Lower lip to E-plane.
Figure 4. (1) Angle of facial convexity (G-Sn-Pg9). (2) Nasiolabial

angle. (3) Maxillary sulcus depth (Max. Sulcus - Sn-Ls). (4)

Mandibular sulcus depth (Mand. Sulcus - Li-Pg9).
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for the extraction group of the parent sample was
26.3 mm, while for the nonextraction sample, it was
21.6 mm. The mean value of the same variable for the
extraction group of the subsample was 23.78 mm,
while for the nonextraction sample, it was 23.20 mm.
Similar comparisons can be made between the mean
values of the other two discriminating variables of
lower lip to E-plane and FMIA (Table 7). Therefore, it
becomes apparent that differences existing at the
onset of treatment capable of distorting the prognostic
expectations were minimized in this study.

Treating a malocclusion by means of comprehen-
sive orthodontics results in significant soft tissue
changes13,15,17,34–38 To better analyze the response of
the present sample to orthodontic treatment, the
various parts of the soft tissue profile will be ex-
amined separately. The comparisons made with other

studies should be regarded with proper skepticism
since none of these dealt with Class I borderline
malocclusions.

Upper Lip

Considering Ricketts E-plane, the upper lip exhibited
a 22.75-mm retraction in the extraction group vs a
20.68-mm retraction in the nonextraction group. The
results indicate a significant yet smaller retraction than
that reported by Finnöy et al.,36 Drobocky and Smith,13

Battagel,31 and Bravo.15 Finnöy et al.36 reported a
23.1-mm retraction in the nonextraction group but
attributed it to the continuous growth of the nose.
Young and Smith14 and Kocadereli38 found that the
upper lip was retracted 21.64 and 20.4 mm, respec-
tively. Paquette,27 using the same research methods
for Class II patients, reported a slightly larger upper lip

Figure 5. (1) Upper incisor exposure (Is-Stm). (2) Upper lip thickness (Is-Ls). (3) Lower lip thickness (Ii-Li).
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retraction of 23.1 mm in the extraction group and
20.5 mm in the nonextraction group. This could
possibly be attributed to the greater need for overjet
reduction in his sample.

Relative to the Sn-Pg9 line, the difference between
the two groups was significant. Since this plane is
considered a plane of minimal variation,7 all relative
measurements are less influenced by any potential
growth remainders. Subsequently, soft tissue changes
assessed relative to the E-plane can be confirmed.
The change value for the extraction group (21.82 mm)
is slightly smaller than that reported by Drobocky
and Smith13 and Bravo15: 22.12 mm and 22.4 mm,
respectively. The amount of upper lip retraction is
smaller than that assessed to the E-plane. A possible
explanation is that slight growth of the nose might have
contributed to the whole retropositioning of the lip. The
nonextraction patients exhibited a nonsignificant
change of 20.17 mm, similar to Kocadareli’s
20.05 mm, whereas their counterparts in the study
by Young and Smith14 exhibited 20.63 mm of
retraction.

With regard to upper lip thickness, the difference in
increase between the two groups was also significant:
2.17 mm for the extraction and 0.55 mm for the
nonextraction group. The results of this study compare
to Talass et al.,37 who reported a significant, yet larger,
value of increase for the extraction group: 3.702 mm.

Figure 6. Average tracings at the start of treatment. Dashed line:

extraction. Solid line: nonextraction.

Figure 7. Average tracings at the end of treatment. Dashed line:

extraction. Solid line: nonextraction.

Table 3. Borderline Extraction Sample: Descriptive and Inferential

Statistics of the Soft Tissue Analysis Results

Variable

Pre

Mean

Post

Mean

Difference

Mean SD t Value

G9-Sn-Pg9 14.77 14.25 20.52 2.31 21.24

Ls - E-plane 22.58 25.33 22.75 1.5 29.99**

Li - E-plane 0.61 22.73 23.34 1.75 210.45**

Ls - Sn-Pg9 4.32 2.5 21.82 1.34 27.46**

Li - Sn-Pg9 4.58 2.02 22.55 1.62 28.61**

Is-Stm 3.43 1.89 20.72 2.43 21.63

Is - Ls 13.22 15.39 2.17 2.59 4.58**

Ii - Li 14.05 14.68 0.62 1.85 1.84

Max.Sulc.- Sn-Ls 1.82 2.24 0.42 0.94 2.45*

Mand.Sulc - Li-Pg’ 5.31 5.33 0.02 1.5 0.08

Nasiolabial angle 109.56 114.9 5.34 11.04 2.66*

* P , .05; ** P , .01.

Table 4. Borderline Nonextraction Sample: Descriptive and

Inferential Statistics of the Soft Tissue Analysis Results

Variable

Pre

Mean

Post

Mean

Difference

Mean SD t Value

G9-Sn-Pg9 13.53 13.52 20.01 2.31 20.05

Ls - E-plane 23.66 24.34 20.68 1.89 22.09*

Li - E-plane 21.29 20.61 0.67 2.24 1.7

Ls - Sn-Pg9 3.84 3.68 20.17 1.55 20.61

Li - Sn-Pg9 3.07 4.09 1.01 2.04 2.82**

Is-Stm 3.59 3.39 20.20 2.01 20.56

Is - Ls 14.28 14.83 0.55 2.26 1.38

Ii - Li 13.93 13.87 20.05 2.04 0.16

Max.Sulc.- Sn-Ls 1.95 2.03 0.07 0.82 0.64

Mand.Sulc - Li-Pg9 5.38 5.60 0.21 1.74 0.69

Nasiolabial angle 113.22 112.98 20.24 8.37 20.78

* P , .05; ** P , .01.
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Lower Lip

The mean value changes for the lower lip differed
significantly between the two groups and were greater
than those of the upper lip. In relation to the Ricketts
E-plane, the 23.34 mm of retraction that the extraction
patients exhibited is close to the 23.8 and 23.22 mm
that Bravo15 and Drobocky and Smith13 reported,
respectively. Battagel31 and Xu et al.39 found relatively
smaller values of retraction: 22.5, 22.39, and
22.4 mm, respectively. The results of this study
revealed that the lower lip of the nonextraction patients
was brought forward 0.67 mm. In contrast to this
finding, Finnöy et al.,36 Battagel,31 and Xu et al.39

reported negative values, which indicate retraction of
the lip: 22.2, 21.44, and 20.4 mm, respectively.

The measurements to Burstone’s Sn-Pg9 line
confirmed the previous findings. For the patients
treated without extractions, the findings indicate that
the lower lip was protracted 1.01 mm, thus contradict-
ing Young’s findings of 20.58 mm of retraction and
Xu’s and Kocadareli’s 0.02 and 0.05 mm, respectively.

Nasiolabial Angle

The nasiolabial angle became 5.34u more obtuse in
the extraction group. The mean change value for the
nonextraction group was 20.24u. Eighteen of the
patients (56%) had a more acute angle at the end of
treatment, which ranged from 20.3u to 218.6u, while
14 of their counterparts (44%) finished treatment with a
more obtuse angle, which ranged from 0.8u to 16.20u.

CONCLUSIONS

N The average tracings indicated that the main
differences between the two groups at the end of
treatment were localized to the perioral area. The
extraction group terminated treatment with more
retracted lips, a more obtuse nasolabial angle, and a
thicker upper lip.

N The nonextraction group also showed significant
upper lip retraction but lower lip protraction.

N The variables possessing the unique discriminat-
ing power between extraction and nonextraction

Table 6. Error Standard Deviations for Double Determinations

(N 5 11)

Variable Measurement Error

Angular

G9-Sn-Pg9 1.05

Nasiolabial angle 2.67

Linear

Ls - E-plane 0.58

Li - E-plane 0.60

Ls - Sn-Pg9 0.76

Li - Sn-Pg9 0.64

Is-Stm 0.65

Is - Ls 0.81

Ii - Li 0.66

Max.Sulc.- Sn-Ls 0.64

Mand.Sulc - Li-Pg9 0.90

Table 7. Descriptive Statistics for Discriminating Variables in the Parent and in the Borderline Sample

Variable

Parent Sample Borderline Sample

Extraction Nonextraction Extraction Nonextraction

Mean SD Mean SD Mean SD Mean SD

Lower tooth-arch discrepancy 26.3 3.39 21.6 3.29 23.78 2.06 23.20 1.81

LL to E-plane 20.42 2.67 22.22 2.85 20.72 2.83 21.20 2.61

FMIA 60.45 6.04 63.53 6.9 61.18 4.13 63.39 5.64

Table 5. Extraction vs Nonextraction: Descriptive and Inferential Statistics of Mean Value Differences: Soft Tissue Analysis

Posttreatment Results

Variable Extraction Nonextraction Difference t Value

G9-Sn-Pg9 20.52 20.01 0.50 0.85

Ls - E-plane 22.75 20.68 2.06 4.71**

Li - E-plane 23.34 0.67 4.02 7.82**

Ls - Sn-Pg9 21.82 20.17 1.65 4.47**

Li - Sn-Pg9 22.55 1.01 3.57 7.61**

Is-Stm 20.72 20.20 0.52 0.92

Is - Ls 2.17 0.55 21.61 22.62*

Ii - Li 0.62 20.05 20.68 21.37

Max.Sulc.- Sn-Ls 0.42 0.07 20.34 21.52

Mand.Sulc - Li-Pg9 0.00 0.21 0.21 0.52

Nasiolabial angle 5.34 20.24 25.58 22.25*

* P , .05; ** P , .01.
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treatment were measurements of the lower crowd-
ing, the lower lip to E-plane, and the FMIA angle.
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