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Assessment of facial profile changes in Class I biprotrusion 
adolescent subjects submitted to orthodontic treatment with 
extractions of four premolars

Objective: To evaluate cephalometric changes in tooth and profile position in young adolescent individuals with 
Class I biprotrusion submitted to orthodontic treatment with extractions of four first premolars.

Methods: Pre and posttreatment lateral cephalometric radiographs from 20 patients with Class I biprotrusion 
malocclusion were used to evaluate the following measurements: nasolabial angle, distance from lips to E line, 
distance from lips, incisors, tip of the nose and soft tissue pogonion to Sy line.

Results: All measurements showed significant changes after treatment (p<0.05), except the distance from lips and 
soft tissue pogonion to Sy line. There was a positive correlation between the retraction of incisors and the change of 
upper and lower lips (0.803/0.925; p<0.001).

Conclusion: The profile retrusion observed occurred more due to nose growth than to lips retraction. The response 
from soft tissues to incisors retraction showed a great variability.
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INTRODUCTION
More and more facial esthetics have been a concern 

for patients and professionals, while soft tissues have 
been increasingly emphasized on the orthodontic di-
agnostic methods. Facial harmony is included in the 
main objectives of orthodontic treatment, once the 
correct positioning of teeth over the basal bone may 
alter the profile, including the upper and lower lips 
position, the nasolabial and the labiomental angles.

Numerous factors are able to influence the changes 
that the soft tissues may suffer as a consequence of re-
traction or protrusion movements made on incisors, 
such as soft tissues morphology, thickness, tonicity 
and muscular pattern of the patient.6,14

Among the individuals which complain over un-
pleasant facial esthetics and search orthodontists 
with the main objective of regaining balance on 
their facial profile, are those which show biprotru-
sion, a condition where upper and lower anterior 
teeth are protruded, creating a convex profile and 
difficulty in sealing the lips.

The correction of biprotrusion is frequently ob-
tained through the extraction of four first premolars 
and retraction of anterior teeth with maximum an-
chorage avoiding mesial movement of the posterior 
teeth. This conduct may result in lip retraction, in an 
improvement of esthetics and of the lip seal due to 
an enhanced harmony and balance between skeletal, 
dental and soft tissues structures.

On the other hand, the follow-up of growing pa-
tients show that the normal maturation process asso-
ciated with continuous mandibular growth and nasal 
development promote alone an enhancement on the 
profile, independent of extractions.20 This maturation 
tends to continue after adolescence, resulting on an 
increase of this relative lip retraction.

Therefore, the objective of the present study was to 
assess changes in tooth position and in profile due to 
orthodontic treatment and facial growth of adolescent 
Class I biprotrusive patients treated with extraction 
of four first premolars.

MATERIAL AND METHODS
Material

Pre and posttreatment cephalometric lateral 
radiographs from adolescents submitted to orth-
odontic treatment in the Post-Graduation course 

in Orthodontics of the Federal University of Rio de 
Janeiro (UERJ) were assessed. All radiographs were 
taken in the Department of Pathology and Oral Di-
agnosis of the School of Dentistry of the UERJ. 
Among the radiographs evaluated, 20 individu-
als (5 boys and 15 girls) were selected. Their mean 
age was 12 years and 4 months at the beginning of 
treatment, and 17 years by the end of treatment. 
The inclusion criteria were the following: a) Class 
I skeletal pattern (ANB angle between 0 and 4°), b) 
Class I malocclusion with biprotrusion, c) perma-
nent dentition, d) no dental agenesis, e) treatment 
plan including four first premolars extraction, f ) in-
terincisal angle lower than 131°, g) 1-NA angle high-
er than 22°, h) 1-NB angle higher than 25°, i) 1-NA 
distance greater than or equal to 5 mm, j) 1-NB dis-
tance greater than or equal to 5 mm, k) no previous 
orthodontic treatment, l) individuals under 15 years 
of age at the beginning of treatment. Orthodontic 
treatment was standardized with fixed appliances, 
Edgewise standard system, with extraction of the 
four first pre-molars, followed by lower and upper 
canine and incisive retraction.

Methods
Pre (T1) and post-treatment (T2) cephalometric 

radiographs of each patient were traced by a single 
operator. The cephalometric points used in this re-
search are identified in Figure 1. In order to confirm if 
the cases selected fulfilled the inclusion criteria, the 
following planes and lines were traced: N-A, N-B, up-
per incisor long axis and lower incisor long axis. Mea-
surements from Steiner’s analysis were also calcu-
lated: ANB angle, interincisal angle, 1-NA angle, 1-NB 
angle, 1-NA distance and 1-NB distance. Three lines 
were constructed for data collecting: a) Sx (horizon-
tal reference line), traced 7° clockwise from SN line, 
registered at S point; b) Sy (vertical reference line), 
perpendicular to Sx, registered at S point; c) Ricketts’ 
E line, line connecting Prn and Pog’ points. The com-
parison between pre-treatment and post-treatment 
profiles, as well as the assessment of nose and chin 
growth in the facial profile were made through the 
following measurements: nasolabial angle (Prn-Sn-
Ls), E-Ls distance, E-Li distance, Sy-Ls distance, 
Sy-Li distance, Sy-Is distance, Sy-Ii distance, Sy-Prn 
distance, Sy-Pog’ distance. All measurements were 
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performed by a single operator and 40% of them (16 
randomly chosen radiographs) were repeated after a 
month for error analyses.

Statistical analysis
Intraclass correlation coefficient analysis was 

performed to assess measurement errors and 

descriptive analysis of data was performed, including 
mean, standard deviation and median of all variables.

After normal distribution was confirmed 
through the Kolmogorov-Smirnov test, pre and 
post-treatment measurements were compared 
through a paired t test. Spearman test was applied 
to assess correlations among the measurements. 
The level of significance of 0.05 was adopted for all 
tests. The software used in the statistical analyses 
was the SPSS Statistics version 17.0.

RESULTS
The intraclass correlation coefficient was 0.99 

and the measurements performed were consid-
ered reliable.

Descriptive data for each measurement and the 
results from the paired t test are depicted in Table 1. 
Only the position of upper and lower lip and of soft 
tissue pogonion in relation to the Sy line did not show 
significant changes with treatment.

The results obtained in the analysis of correlations 
among the cephalometric measurements observed by 
the Spearman test are shown in Table 2.

DISCUSSION 
Extractions on orthodontic treatment are still a 

motive for debates and controversies, even though 
there is a consensus about the need to position teeth 

Table 1 - Comparison between pre and posttreatment mean values of the measurements taken through a paired t test.

*Statistically significant difference (p<0.05).
sd – standard deviation.

Measurements Pre-treatment (t1) Post-treatment (t2) Change (t2- t1) p

Mean sd Mean sd Mean sd

Nasolabial angle (degree) 101.0 12.28 104.8 10.07 3.8 7.27 0.030*

E-Ls (mm) -0.9 1.87 -4.1 2.47 -3.2 2.08 0.000*

E-Li (mm) 2.0 2.16 -1.6 2.20 -3.6 1.95 0.000*

Sy-Ls (mm) 88.1 4.16 88.0 3.82 -0.1 3.48 0.899

Sy-Li (mm) 86.0 4.88 85.4 3.84 -0.6 4.46 0.539

Sy-Is (mm) 77.0 3.73 73.9 3.84 -3.1 2.92 0.000*

Sy-Ii (mm) 72.5 5.01 70.9 3.93 -1.6 3.65 0.043*

Sy-Pnr (mm) 98.2 4.92 102.1 5.28 3.9 4.57 0.001*

Sy-Pog’ (mm) 75.4 5.60 77.3 5.30 1.9 4.93 0.102

Figure 1 - Points used: S (Sella), N (Nasion), Ls (Labrale superius), Li 
(Labrale inferius), Ui (Upper incisor), Lw (Lower incisor), Prn (Pronasale), 
Sn (Subnasale), Pog’ (Soft tissue pogonion). Lines used: Sx (horizontal 
reference line, traced 7° clockwise from the SN line, registered at S), Sy 
(vertical reference line, perpendicular to the Sx line, registered at S), Rick-
etts’ E line (Prn–Pog’).
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over their basal bone. Biprotrusive individuals who 
have a Class I malocclusion many times search pro-
fessionals spontaneously, unsatisfied with their fa-
cial esthetics and difficulty to seal lips. In these spe-
cific cases, one of the solutions is the treatment with 
extractions of the four first premolars and retraction 
of anterior teeth. Tweed18 already asserted in 1966 
that he had observed a better balance and harmony 
of facial lines, stability of dentition, healthy oral tis-
sues and an efficient masticatory system when their 
patients had their incisors well positioned over the 
basal bone at the end of treatment. He also noticed 
that the lack of facial harmony occurred in a direct 
proportion with the degree of projection of the den-
tition. Thus, the present study aimed to cephalomet-
rically assess the dental and facial profile changes in 
20 biprotrusive adolescents with Class I malocclu-
sion submitted to treatment with extraction of four 
first premolars and retraction of anterior teeth.

There are still doubts about the influence that 
the orthodontic treatment and craniofacial growth 
have on the results obtained by treatment of patients 
during their growth. Therefore, frequently almost 
all merits are attributed to the orthodontic therapy, 

when growth has had a fundamental role in chang-
es. Erdinc et al6 reported that many authors did 
not eliminate the effect of growth in facial chang-
es observed with treatment, once it is difficult to 
separate the effects of growth and therapy. In or-
der to answer these questions, this study made an 
effort to observe changes that could be attributed 
to growth or to orthodontic therapy.

The measurement of horizontal changes in den-
tal and skeletal structures and in soft tissues was 
performed related to a reference line perpendicular 
to the Sx line, which is traced 7° clockwise from the 
S-N line. This method has already been validated in 
scientific literature9,10,14,17 and it was used in order to 
facilitate the comparison among the studies.

After establishing the necessary references and 
method the results were obtained and discussed with 
the pertinent literature. Initially, they showed that 
the upper incisors were retracted a mean of 3.1 mm 
and the lower incisors a mean of 1.6 mm in relation to 
the Sy line, similarly to the study of Oliveira et al.14

The difference in the nasolabial angle found in 
this research was similar to the one found by Bravo.4 
The change in the nasolabial angle was significant; 

Table 2 - Correlation between the mean difference of pre and post-treatment cephalometric measurements through the Spearman analysis. 

*Significant correlation (p<0.05).

Nasolabial E-Ls E-Li Sy-Ls Sy-Li Sy-Ui Sy-Lw Sy-Pnr Sy-Pog’

Nasolabial Corr. coef. 
1

0.020 -0.351 -0.201 -0.249 0.068 -0.099 -0.036 -0.125

angle Sig. (P) 0.935 0.129 0.396 0.289 0.776 0.677 0.881 0.600

E-Ls Corr. coef. 0.020
1

0.573 -0.225 -0.461 -0.222 -0.318 -0.567 -0.506

Sig. (P) 0.935 0.008* 0.341 0.041* 0.347 0.172 0.009* 0.023*

E-Li Corr. coef. -0.351 0.573
1

0.161 0.018 0.050 0.060 -0.284 -0.186

Sig. (P) 0.129 0.008* 0.497 0.939 0.834 0.803 0.225 0.432

Sy-Ls Corr. coef. -0.201 -0.225 0.161
1

0.907 0.803 0.946 0.797 0.752

Sig. (P) 0.396 0.341 0.497 0.000* 0.000* 0.000* 0.000* 0.000*

Sy-Li Corr. coef. -0.249 0.461 0.018 0.907
1

0.817 0.925 0.829 0.917

Sig. (P) 0.289 0.041* 0.939 0.000* 0.000* 0.000* 0.000* 0.000*

Sy-Ui Corr. coef. 0.068 -0.222 0.050 0.803 0.817
1

0.854 0.621 0.753

Sig. (P) 0.776 0.347 0.834 0.000* 0.000* 0.000* 0.003* 0.000*

Sy-Lw Corr. coef. -0.099 -0.318 0.060 0.946 0.925 0.854
1

0.839 0.788

Sig. (P) 0.677 0.172 0.803 0.000* 0.000* 0.000* 0.000* 0.000*

Sy-Pnr Corr. coef. -0.036 -0.567 -0.284 0.797 0.829 0.621 0.839
1

0.736

Sig. (P) 0.881 0.009* 0.225 0.000* 0.000* 0.003* 0.000* 0.000*

Sy-Pog’ Corr. coef. -0.125 -0.506 -0.186 0.752 0.917 0.753 0.788 0.736
1

Sig. (P) 0.600 0.023* 0.432 0.000* 0.000* 0.000* 0.000* 0.000*
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this change, however, showed no positive correla-
tions with any other measurement taken. This is 
probably due to the great individual variance, as 
other studies reported.4,10 According to Lai et al11 and 
Oliveira et al,14 the variations in the response of the 
soft tissues are very extensive and difficult to predict 
or correlate in a perfect way to dental changes. 

The changes in the upper and lower lips in rela-
tion to E line was very similar to the amount observed 
by Bravo.4 The change in the upper lip in relation to 
the E line, which was significant and evidences the 
retraction of the profile, could not be correlated to 
the change in the position of the upper incisor, but 
showed a significant correlation with the growth of 
the nose and of the soft pogonion. As the change in 
the upper lip in relation to the Sy line was not signifi-
cant, it can be suggested that the profile changes were 
probably more due to the growth of the nose and chin 
than to the retraction of lips. The change of the lower 
lip in relation to the E line was significant, showing 
the retraction of the profile, but it could not be cor-
related to the position change of the lower incisor or 
to the nose and chin growth. 

In a similar way, other studies11,17,20 showed that 
mandibular growth and nasal growth contribute fur-
ther to the flattening of the profile than the retraction 
of lips. Ricketts15 observed a growth of the tip of the 
nose of about 1 mm/year in relation to the anterior 
nasal spine in growing patients. He claims that the 
nasal and mandibular growth associated to the re-
traction of teeth was responsible for esthetic chang-
es often observed in the treated cases. Anderson et 
al1 noted a greater flattening of the profile after the 
orthodontic treatment due to an additional growth of 
nose and chin during maturation of the studied indi-
viduals. Bishara et al3 emphasized that the movement 
of the tip of the nose in an anterior and inferior di-
rection during growing, as it is greater than the dis-
placement of the point A and of the upper lip, makes 
the nose more prominent. They also suggest that the 
treatment planning of growing patients must take 
into account that future changes may affect the pro-
file in an adverse way. Erdinc et al6 observed a signifi-
cant growth of the nose in patients treated with and 
without extraction of four first pre-molars. Halazone-
tis8 noted a relative increase in the nose and chin in 
both genders in patients with similar age.

Additionally, it is important to consider that 
the soft tissues of nose and chin still growing in the 
adulthood, which may lead to a greater retrusion of 
the profile. Variations in gender have been reported 
in the literature. Formby et al7 evaluated lateral ra-
diographs of 24 male and 23 female subjects, from 
18 to 42 years of age and observed a greater flatten-
ing of the profile in male individuals, which pre-
sented a greater increase in the dimensions of the 
nose and in the width of the soft tissue in the region 
of the pogonion, similarly to the findings of Nanda 
et al12 in 17 male and 23 female subjects, from 7 to 18 
years of age. In the female gender, lips did not ap-
pear to be retruded because despite the increase in 
the dimensions of the nose, the width of the soft tis-
sue in the region of pogonion decreased in women. 
In the present study it was not possible to make that 
comparison, as there were too few male patients.

As to the facial esthetics, it is important to empha-
size that it is questionable whether the esthetic facial 
models from the past are still applicable to the faces 
considered esthetic today.13 There is a current tenden-
cy to value profiles with more prominent lips. Nguyen 
and Turley13 observed that the ideal Caucasian male 
profile has changed significantly across time and now-
adays more projected lips with a greater exposure of 
lip vermilion are considered more attractive. Similar-
ly, Yehezkel and Turley19 described a current tendency 
to adopt esthetic patterns with fuller and more anteri-
orly positioned lips in the Afro-American female pro-
file, and this change occurred along the twentieth cen-
tury. Auger and Turley2 showed that patterns for an 
esthetic profile in Caucasian women also tend to adopt 
fuller and more anteriorly positioned lips. Scott et al16 
noted that thicker vermilion borders were considered 
more attractive. Coleman et al5 reported in a study 
about the influence of the prominence of the chin in 
the esthetic preference of labial profile, that fuller an-
terior lips in relation to the Ricketts E line were gener-
ally preferred in extreme retrognathic and prognathic 
profiles, while retracted lips were preferred for more 
regular profiles. Thus, it is important to consider this 
tendency in the planning and performance of treat-
ment in biprotrusion cases, and the orthodontist must 
avoid a flattening of the profile.

A positive correlation between upper lip retrac-
tion and the retraction of upper and lower incisor 
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was observed in the present study. The same correla-
tion was observed for the lower lip retraction. These 
data confirm that the retraction of anterior teeth in-
fluences the lips position, although the difference be-
tween pre and post-treatment measurements of the 
position of the lips in relation to the Sy line was not 
significant. These results were similar to other stud-
ies.1,9,10 However, there is still discordance about the 
response from the soft tissues to the dental changes 
and in the alveolar process.6 According to Lai et al,11 
the attempts to establish a mean rate to detect a ten-
dency or predict the response of soft tissues to the in-
cisors movement were not well-succeeded due to the 
large variability of soft tissues among individuals.

CONCLUSIONS
The results from the present study lead to the fol-

lowing conclusions:
1. Nasolabial angle presented a significant in-

crease with treatment, which could not be cor-
related to any measurement assessed.

2. Upper and lower lips presented an increased 
distance to Ricketts’ E line by the end of 
treatment, showing a retrusion in the profile. 
However, there was just a small variation be-
tween pre and post-treatment measurements 
of the position of lips in relation to the Sy line. 
Therefore, it is suggested that the change in 
the lips in relation to the E line is due more 
to the growth of nose and chin than to a real 
change in their position.

3. Upper and lower incisors were significantly re-
tracted. This retraction was positively correlat-
ed to the change in the lips position. Although 
the change in the profile is attributed in great 
part to growth, the retraction of the incisors 
influenced the retraction of lips and thus the 
changes in the profile.
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