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Objective: The objective of this retrospective study was to compare, by means of lateral cephalograms, the facial 
growth pattern changes due to the treatment with and without extractions of four first premolars in dolichofacial 
individuals. 

Methods: Groups 1 and 2 were constituted of 23 dolichofacial patients each, with Class II malocclusion, division 1 
and initial age average of 12.36 and 12.29 years, respectively. Patients from Group 1 were treated without extractions 
and Group 2 was treated with extraction of the four first premolars, given that both used occipital headgear. Groups 
were compatibilized according to age, treatment period, gender and malocclusion severity. The t test was applied for 
intergroups comparison. 

Results: Most variables (SN.PP, SN.Ocl and FMA) did not present statistically significant difference between groups. 

Conclusion: Although the treatment with extractions tend to reduce the mandibular plane angle (SN.GoGn) 
and the facial axis (NS.Gn), the analyzed treatment protocols did not affect in a clinically relevant way the facial 
growth pattern.
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INTRODUCTION

Long face is a deformity with skeletal involve-
ment, an unfavorable esthetic prognosis. 

Therefore, the orthodontic treatment high angle 
patients is challenging because the sought results 
are more difficult to be achieved.2 Orthodontic 
treatment can have favorable or unfavorable influ-
ences in the facial growth pattern.23 Downs10 docu-
mented favorable and unfavorable changes in facial 
axis of treated cases and reported that the effects 
of the treatment on growth can be better illustrat-
ed with a selection of extreme facial patterns, thus 
emphasized the importance of treatment consider-
ations in relation to the growth pattern. 

Ricketts26 noticed that treatment with cervical 
headgear or Class II elastics had opening the facial 
axis an average of 1° in different facial patterns. The 
great difference occurred in dolichofacial patients 
who were treated only with Class II elastics, where 
there was an increase of 2 to 5° in the facial axis. He 
concluded that the appliance selection is effective in 
controlling the mentum behavior and recommended 
the use of the high-pull headgear to dolichofacials 
and cervical headgear to brachyfacials. Some authors 
recommend the use of occipital headgear to control 
the vertical dimension.3,12,14 

The extraction of first premolars is generally 
recommended to decrease the lower anterior facial 
height with consequent mesialization of molars.11,19 
According to Chua et al,5 the orthodontists generally 
believe that treatment without extractions is associ-
ated with backward rotation of the mandible and in-
crease of the lower anterior facial height. Meanwhile, 
treatment with extractions is associated with man-
dibular counterclockwise rotation and diminished 
anterior facial height. However, most studies sup-
port the idea that extractions of premolars does not 
reduce the facial vertical dimension or change the 
growth pattern, because they advocated that all orth-
odontic treatment results in molar extrusion.7,18,28,29 
It is the facial growth pattern that determines the 
changes of the craniofacial structures after orth-
odontic treatment with extractions.29

Considering the necessity of vertical control 
during the orthodontic treatment in individuals 
with long facial pattern, the purpose of this inves-
tigation was to compare the facial growth changes 

due the treatment with and without four first pre-
molars extractions in individuals dolichofacials 
with Class II malocclusion, division 1, treated with 
occipital headgear. 

 

MATERIAL AND METHODS

The sample consisted of 92 lateral cephalograms 
of 46 Caucasian patients, taken before and after the 
completion of orthodontic treatment. The following 
selection criteria were used:

1) Young Brazilian Caucasians, with Mediterra-
nean ancestry of Portuguese, Spaniards and/
or Italians.

2) Age from 10 to 15 years, of both genders.
3) Young people with vertical facial growth pat-

tern (dolichofacials), with FMA angle greater 
than 28°.

4) Presence of Class II malocclusion, division 1, 
being the severity of at least ½ Class II of mo-
lar, established by means of medical records 
and study models.

5) Treated with or without extractions of four 
first premolars and with the simplified Edge-
wise arch technique associated with the oc-
cipital headgear.

6) Presence of all upper and lower permanent 
teeth (except second permanent molar) and 
without mutilations in dental arch.

7) Absence of any tooth anomaly.
The sample was divided into two groups:
» Group 1, composed of 46 cephalograms (23 pre-

treatment and 23 post treatment) of young people 
with vertical facial growth pattern (dolichofacials), 
Class II malocclusion, division 1. All patients were 
treated with fixed orthodontic appliance, occipital 
headgear and without extractions.

» Group 2, composed of 46 cephalograms (23 pre-
treatment and 23 post treatment) of young people 
with vertical facial growth pattern (dolichofacials), 
with Class II malocclusion, division 1. Patients were 
treated with fixed orthodontic appliance occipital 
headgear and four first premolars extraction.

To accomplish the orthodontic treatment, both 
groups were treated with Edgewise brackets, lip 
bumper (LB), intermaxillary elastics and an anchor-
age system consisted of a minimum of 14 hours of oc-
cipital headgear daily. 
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After the delimitation of anatomical drawing and 
demarcation landmarks, the tracings were computer-
ized using a Numonics A-30TLF digitizer by the same 
examiner and the data were stored and measured in 
the software Dentofacial Planner, version 7.02.

The following angular variables related to the 
growth pattern were assessed (Fig 1):

1. SN.PP – angle formed by SN line and the pala-
tal plane.

2. SN.Ocl – angle formed by SN line and occlusal 
plane.

3. SN.GoGn – angle formed by SN line and the 
mandibular plane (GoGn).

4. FMA – angle formed by the Frankfort plane 
and the mandibular plane (GoMe).

5. NS. Gn – angle formed by the NS line and Gna-
tion.

The orthodontic records of all patients were 
used to determine the facial growth pattern of 
groups 1 and 2. Those who had FMA angle greater 
than 28° were selected. For the purposes of deter-
mining the malocclusion severity of patients select-
ed for the sample of groups 1 and 2 the patients’ orth-
odontic records and initial casts were assessed. The 
malocclusion was classified as Class I, ¼ Class II, ½ 
Class II, ¾ Class II and complete Class II.

To belong to the sample, the patient should have at 
least ½ Class II malocclusion in one side of the dental 
arches (right or left).

Method error

To determine the methodological error it were 
randomly selected 20 cephalograms. They were re-
traced and measured again, with an interval of one 
month between the measurements, obtaining two 
measures for the same variables, however, at dif-
ferent times. The difference between the first and 
second measurement of each variable was used 
to calculate the methodological errors. The sys-
tematic error was obtained with the application of 
paired t test, the significance level of 5%, comparing 
the means of each cephalometric magnitude of ini-
tial readings and repetitions of 20 randomly select-
ed cephalograms. It was obtained the random error 
of values obtained at different times, according to 
the formula proposed by Dahlberg.8 It was consid-
ered that the errors over 1.5° would be significant. 

Statistical analysis

The homogeneity of the sample in relation to 
gender and severity of Class II malocclusion, divi-
sion 1 was evaluated by the χ2 test. The t test iden-
tified differences in the pre-treatment and changes 
during intergroups treatment. All tests were con-
ducted using Statistica software and adopted a sig-
nificance level of 5%. 

RESULTS

The method error, represented by systematic 
error and random error, did not provide statisti-
cally significant difference for any variable. Table 1 
presents the initial and final mean ages of patients 
and evaluated treatment period , according to each 
group. There was no statistically significant differ-
ence on the initial and final ages of the individuals 
that comprise groups 1 and 2, as well as the treat-
ment period. Table 2 shows through the χ2 test the 
balanced distribution of males and females in both 
groups. Table 3 shows a similar distribution of se-
verity of Angle Class II, division 1, malocclusion, of 
patients selected to compose the sample through 
the χ2 sample.

The growth pattern in the pre-treatment 
(Table 4) was significantly more vertical in Group 2 
than Group 1 only when FMA angle was assessed. 
Other variables such as SN.PP, SN.Ocl, SN.GoGn and 
NS.Gn did not show statistically significant differ-

Figure 1 - Cephalometric tracing with the angular variables analyzed  in 
the growth pattern. 1) SN.PP = angle formed by SN line and the palatal 
plane; 2) SN.Ocl = angle formed by SN line and occlusal plane;
 3) SN.GoGn = angle formed by SN line and the mandibular plane (GoGn); 
4) FMA = angle formed by the Frankfort plane and the mandibular plane 
(GoMe); 5) NS.Gn = angle formed by the NS line and Gnation.
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ence between groups 1 and 2 and indicated that both 
groups have a vector of craniofacial growth with 
vertical dominance.

Changes in the growth pattern in groups 1 and 2 
are shown in Table 5. The growth pattern demon-
strated a statistically significant difference between 
the groups in the mandibular angle (SN.GoGn) and 
facial axis (NS.Gn). Both variables decreased in 
Group 2 and increased in Group 1. Another differ-
ence between groups, but not statistically significant, 
occurred in relation to the FMA angle that decreased 
in Group 2 and increased in Group 1. The other vari-
ables, represented by the inclination of the palatal 

plan (SN.PP) and the occlusal plane (SN.Ocl), in-
creased equally in both groups. 

DISCUSSION

Sample selection

The selection of dolichofacials patients was done 
by assessing the FMA angle, as held in other stud-
ies.15,21 The mandibular plane angle with the Frank-
fort plane (FMA), according to Johnson,17 proved to 
be an important criterion for evaluation of the fa-
cial pattern. This angle is affected by the vertical de-
velopment of the alveolar process, by the mandibu-
lar ramus growth and gonial angle. It were selected 

Group Male gender Female gender Total

1 11 12 23

2 9 14 23

Total 20 26 46

χ2 = 0.35 gl = 1 p = 0.55

Group Class II 1/2 Class II 3/4 Class II complete Total

1 12 4 7 23

2 10 3 10 23

Total 22 7 17 46

χ2 = 0.85 gl = 2 p = 0.65

Variables (years)
Group 1 (n = 23) Group 2 (n = 23) 

p
Mean SD Mean SD

Initial age 12.36 1.14 12.29 1.03 0.81

Final age 14.55 1.25 14.78 1.16 0.51

Treatment time 2.18 0.45 2.48 0.69 0.08

Table 1 - Initial and final mean ages (years) of patients selected in the two groups and the treatment time.

Table 2 - χ2 and balanced distribution of males and females in both 
groups.

Table 3 - χ2 and distribution of severity of Angle Class II, division 1, mal-
occlusion, in both groups.

Table 4 - Differences between groups 1 and 2 during pre-treatment. Table 5 - Changes occurred during treatment in both groups. 

Variables

Group 1 Group 2

pPre-treatment Pre-treatment

Mean SD Mean SD

Growth pattern

SN.PP 8.41 3.20 8.68 4.46 0.81

SN.Ocl 17.90 2.99 18.40 3.53 0.61

SN.GoGn* 38.03 3.06 39.99 3.64 0.05

NS.Gn* 70.50 2.22 71.91 3.79 0.13

FMA* 30.65 2.38 32.70 3.14 0.02

Variables

Group 1 Group 2

pChanges Changes

Mean SD Mean SD

Growth pattern

SN.PP 0.22 2.38 0.01 2.67 0.78

SN.Od 2.13 3.61 0.50 3.75 0.14

SN.GoGn* 0.83 2.27 -0.88 2.45 0.02

NS.Gn* 1.15 1.64 -0.51 2.03 0.00

FMA 0.67 2.51 -0.33 3.15 0.24

*Statistical significative difference between groups. *Statistical significative difference between groups.
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all patients who had in their medical records the 
angle FMA greater than 28°, because, according to 
Tweed,30 they have an unfavorable growth vector, 
i.e. greater vertical growth propensity. After the 
cephalograms were traced and digitalized, all those 
who had the FMA angle lower than 28° were exclud-
ed from the sample. 

It is known that the malocclusions associated 
with a vertical growth pattern or a relation between 
the anterior-posterior deficient bone bases provide a 
poor prognosis in orthodontic treatment.13 So, in or-
der to evaluate individuals with complex prognosis 
in addition to the patients having vertical pattern of 
growth, it was selected those who had also a Class II 
division 1 malocclusion. With the goal of having a 
sample with the largest number of individuals, it was 
accepted Class II malocclusions of at least ½ molar 
relation subdivision. 

Barton1 believed that cervical headgear tends to 
induce open bite and should be avoided in dolicho-
facials patients. However, Burke and Jacobson3 re-
lated that in individuals with long facial pattern and 
Class II malocclusion there was no significant dif-
ference in mandibular plane angle and facial height 
when were compared the groups treated with cervi-
cal and occipital headgear. However, the extrusion 
of molars and the increase in the occlusal plane 
angle were significantly higher in the group treated 
with cervical headgear. To better analyze the best 
results obtained in dolichofacials patients, only 
those individuals treated with occipital headgear 
were selected.

Facial growth pattern

In the present study, the changes in the pala-
tal plane in relation to the base of the skull (SN.PP) 
were not significantly different between the groups 
treated with and without extractions. Instead, Kim et 
al18 reported statistically significant difference in the 
changes of SN.PP angle between groups treated with 
extractions of the first premolars than those treated 
with extractions of second premolars. The different 
methodology used in their study, as the non-use of 
headgear anchorage, may have influenced the differ-
ent result reported by the authors. 

The occlusal plane angle (SN.Ocl) had an increase 
in both groups treated with and without extractions, 

but this also failed to provide statistically significant 
difference. The same result was observed by Daren-
deliler and Taner-Sarizoy9 when evaluated the ef-
fects of treatment with extractions in patients with 
different growth patterns. 

The mandibular plane angle (SN.GoGn) showed 
statistically significant difference between the 
groups. However, the 0.83° increase in the SN.GoGn 
angle for the group without extractions and 
the 0.88° reduction of the group with extractions 
probably do not characterize clinical significance. 
Studies carried out by Darendeliler and Taner-Sar-
izoy9 and LaHaye et al20 did not report statistically 
significant difference of mandibular plane angle 
change during treatment. According to Cozza et al,6 
the decrease in the SN.GoGn angle can be attributed 
mainly to the significant increase in height of the 
mandibular ramus. Hering et al16 noticed in their 
study that the mandibular plane angle did not in-
crease with different types of treatment in patients 
with skeletal open bite. According to Cusimano et al,7 
during treatment with extractions in dolichofacials 
patients, the mandibular plane remained parallel to 
the mandibular position of pre-treatment. Accord-
ing to Staggers,28 all orthodontic treatments increas-
es the mandibular plane angle. 

According to Ochoa and Nanda,25 the facial axis 
angle mean does not significantly change with 
age. They reported that male and female genders 
showed changes of less than 1° between the ages 
of 6 to 20 years. However, according to Schudy,27 the 
facial axis increases on average from 8 to 15 years 
of age and it is influenced by vertical and horizon-
tal growth. Moreover, the more the vertical growth 
surpasses the horizontal growth, the more the facial 
axis increases. In this research, changes in the facial 
axis (NS.Gn) presented statistically significant dif-
ference between groups. The group with extractions 
showed a decrease of angle while the group without 
the extractions increased the facial axis. This result 
differs from the study by Kapler et al,19 in which the 
axis had not demonstrated statistically significant 
facial difference between groups treated with and 
without extractions. 

The FMA angle, in pre-treatment, was significant-
ly different between the groups, presenting 32.70° in 
the group with extractions and 30.65° in the group 
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without extractions (Table 4). During treatment, the 
FMA angle increased in the group without extrac-
tions and decreased in the group with extractions. 
However, this difference between the groups was 
not statistically significant. With the purpose of in-
vestigating the skeletal and dental changes of Class 
II malocclusion treatment with occipital headgear, 
Firouz et al12 also did not observe statistically signifi-
cant difference in the FMA angle between the con-
trol group and the group treated with the headgear 
without extractions. The same result was reported in 
the study of Lai et al.21 

So, all variables related to the growth pattern 
in this research have increased in the group with-
out extractions (Fig 2). However, in the group with 

extractions, there was a tendency of decreasing the 
angles related to growth pattern. Despite the chang-
es in the mandibular plane angle (SN.GoGn) and the 
statistically significant difference in the facial axis 
(NS.Gn) between groups, 1.71° and 1.66°, respective-
ly, these differences probably do not characterize a 
clinical significance. Nanda et al24 observed in a lon-
gitudinal study of untreated patients, ages between 
7 to 18 years, that the mandibular plane, occlusal 
plane, palatal plane and the gonial angle decrease 
with age. The same was reported by Haralabakis 
and Sifakakis,15 in which agreed that the treatment 
and especially the growth seem to favor the dolicho-
faciais. According to the authors, these progressive 
reductions of the angles improve or maintain the 
magnitude of vertical imbalance. They also report-
ed that the vertical skeletal relation of face grow-
ing cannot be changed by means of extraoral force 
control. This study agrees with others that reported 
that treatment with premolar extractions does not 
significantly affect the growth pattern.4,22,29

CONCLUSION

Despite that treatment with extractions tend to 
reduce the inclination of the mandibular plane angle 
(SN.GoGn) and the facial axis (NS.Gn), the analyzed 
treatment protocols did not clinically affect the pat-
tern of facial growth.

Figure 2 - Changes in the facial growth pattern of Groups 1 and 2 (* sta-
tistical significative difference between groups).
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