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Abstract
The purpose of the study was to evaluate the skeletal, dental and facial profile

changes following orthodontic treatment with extraction and non-extraction. Pretreatment
and postreatment cephalograms of 95 Class II division 1 Thai patients, treated with non-
extraction (51 patients, mean age 10.5±1.3 years) and extraction (44 patients, mean
age 11.8±1.3 years), were superimposed to evaluate the dentoskeletal changes. The
effect of treatment on the facial profile was determined by nasolabial angle and Lower lip
to E line value. Results of the study showed that cervical headgear can redirect the
maxillary growth into more downward direction and enhance the mandibular growth in
the anterior and downward direction. There were greater significantly skeletal changes
in the non-extraction group than those in the extraction group, whereas dentoalveolar
changes in horizontal direction were greater in the extraction group. Lower lip was more
retracted in the extraction group. Correction of Class II division 1 malocclusion was
accomplished mainly by orthopedic effect in the non-extraction group and by orthodontic
effect in the extraction group. Both treatment protocols had the favorable effect on the
soft tissue profile.
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extraction

Introduction

Possible scenarios that may influence the treatment of Class II malocclusions
are the inhibition of the forward and downward growth of maxillary complex, moving the
maxillary teeth distally, stimulating the horizontal growth of mandible and creating space
by selective extractions to allow the desired tooth movements.1 These may be
accomplished by orthopedic and/or orthodontic treatment. Management of Class II division
1 malocclusions depends on the developmental stage of patient. In growing patients, the
growth modification is designed to redirect growth of the maxilla and to allow the mandible
to express its maximum potential. In non-growing patients, extraction of premolars is a
method to treat dental discrepancies and to camouflage mild skeletal discrepancies.1

Cervical headgear is an extraoral appliance widely used in Class II treatment. Its
effect is not only the retraction of upper teeth but also the effect on the maxillary growth.
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Numerous studies2-4 have been undertaken to evaluate the
efficiency of this appliance, mostly on maxillary growth.
Kirjavanien et al5 found that cervical headgear treatment was
associated with a decreased facial convexity caused by the
restriction of forward growth of the A-point, while mandible
continued to grow forward at a normal rate. Ciger et al4 suggested
that during cervical headgear treatment, the maxillary growth
was restricted, maxillary incisor inclination, overjet, and overbite
were decreased and redirection of the maxillary growth remained
stable at the postretention period. Schiavon Gandini et al.6

demonstrated that cervical headgear corrected the Class II
division 1 malocclusions by maintaining the maxillary first molars
and redirecting dentoalveolar growth in the maxilla, rather than
by significantly changing growth of the maxillary jaw base.

Few studies had evaluated the effect of cervical headgear
on the mandibular growth. Keeling et al.7 revealed that the
headgear enhanced the mandibular growth in the anterior
direction along the occlusal plane without detectable relapse a
year after the end of active treatment.

Currently, the goals of treatment representing a paradigm
shift, the soft tissues are recognized as the major consideration
in justification the successful of treatment, focusing on improving
not only dental and skeletal but also soft tissue aspects of
orthodontic problems.8 Previous study9 suggested that premolar
extraction may lead to “dished-in” profile. Other studies10,11

concluded that orthodontic treatment seemed to have a favorable
effect on facial profiles of  both  extraction and non-extraction
groups of Class II division 1 patients, both in short- and long-
term. Bishara et al.12  studied the changes in subjects with Class
II malocclusions treated with and without the extraction of four
first premolars. They found that, after the treatment, the average
soft tissue and skeletal measurements for both groups were close
to the corresponding averages derived from the Iowa normative
standards. Based on the result from various studies, the
extraction or non-extraction decisions, if based on sound
diagnostic criteria, seem to have no deleterious effects on the
facial profile.

The purpose of this study was to evaluate the skeletal,
dental and facial profile changes in patients with Class II division
1 malocclusions following orthodontic treatment with extraction
and non-extraction.

Material and Methods

The study sample, retrospectively obtained from
pretreatment and posttreatment lateral cephalomgrams of Class
II division 1 malocclusion Thai patients who were treated by the
2nd researcher. The sample comprised of 95 growing patients
(46 boys, 49 girls) who presented with Class II molar relationship
which varied from one half to one premolar width. They were
divided into 2 groups according to their dental and skeletal
development.

 Group I comprised of 51 patients (26 boys, 25girls) aged
8-13 years old (mean age 10.5±1.3 years). Their dental stages
were varied from the early mixed dentition to the late mixed
dentition. The skeletal development determined from the hand
wrist film had not passed the peak of pubertal growth when
compared to the Thai norm.13 All subjects were treated as a non-
extraction case by means of extraoral cervical traction followed
by edgewise fixed appliances. Treatment protocol comprised of
two stages:

Stage 1: To obtain Class I molar relationship and to
improve intermaxillary relationship, differential growth of the
maxilla and mandible being guided by the extraoral orthopedic
force. The patients were recommended to wear the cervical
headgear that delivered 1,000 grams force via the permanent
maxillary first molars. The extraoral facebow tilted 20 degrees
upward in relation to the inner facebow that was placed parallel
to the occlusal plane as described by Melsen.14 The patients
wore this appliance for 12-14 hours a day.

Stage 2: To obtain normal overbite and overjet, the
interdental spaces created by distalization of the permanent
maxillary first molars, premolars and canines being utilized for
the retraction of the maxillary incisors with the edgewise
mechanism. The intramaxillary traction with elastic chain and
0.016" x 0.022" closing loop were used in the maxillary arch to
close the interdental spaces and to reduce the excessive overjet,
respectively. The mandibular teeth were aligned with conventional
archwire.

After stage 2, the cervical headgear delivered 200 grams
force was used in the patient whose craniofacial growth
scrutinized from the hand wrist film had not passed the end of
the pubertal growth spurt when compared to the Thai norm. The
average treatment time was 32.6±12.7 months.

Group II comprised of 44 patients (20 boys, 24girls) aged
9-14 years old (mean age 11.8±1.3 years). Their dental stages
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were in the permanent dentition. The skeletal development
determined from the hand wrist film was between the peak and
the end of pubertal growth when compared to the Thai norm.  All
subjects were treated as four first premolars extraction cases by
means of edgewise fixed appliances with segmented arch
technique. Average treatment time was 25.3±6.8 months.

Cephalometric analysis
Cephalometric evaluation was based on regional

superimpositions. Landmarks of the cranial base, maxilla,
mandible, maxillary central incisor, maxillary first molar,
mandibular central incisor and mandibular first molar were traced
on acetate paper by the first researcher.

Displacements of the maxillary and mandibular positions
were expressed as changes in the X- and Y-coordinates of each
reference point. For skeletal measurement, the S-N plane of
pretreatment radiograph (T1) served as the X axis and the
perpendicular line at the S point served as the Y axis. (fig.1) For
dental measurement, Downs’ occlusal plane (a line bisecting the
occlusion of the first molars and central incisors)15 of pretreatment
radiograph served as the X axis and the perpendicular line at
the mesiobuccal cusp of first molar served as the Y axis. (fig.2-
3) Posttreatment radiographs (T2) were superimposed on the
stable structures of the pretreatment radiographs.

Skeletal changes were evaluated by superimposition of
the T2 to T1 films on the stable structures of the cranial base as
described by Melsen.14 (fig.1) Movement of the maxillary teeth

was evaluated by superimposition of T2 to T1 films with modified
best-fit method (fig.2) using the contour of the oral part of the
palate, the contour of the nasal floor and the entrance of the
incisive canal.16 Movement of the mandibular teeth were
evaluated by superimposition T2 to T1 films on the stable
structures of the mandible (fig.3) as described by Bjork.16

Fig. 1  Reference point and reference plane for skeletal measurement

Line1 X-axis: SN line of T1

Line2 Y-axis: SN perpendicular line of T1

Fig. 3 Reference point and reference plane for mandibular teeth

measurement

L1I The incisal edge of the most prominent mandibular incisor

L1A The apex of the most prominent mandibular incisor

L6C The tip of the mesiobuccal cusp of the mandibular first molar

L6A The apex of the mesiobuccal root of the mandibular first molar

Line1 X-axis : Occlusal plane

Line2 Y-axis : perpendicular line at the mesiobuccal cusp of mandibular

     first molar

Fig. 2 Reference point and reference plane for maxillary teeth

measurement

U1I The incisal edge of the most prominent maxillary incisor

U1A The apex of the most prominent maxillary incisor

U6C The tip of the mesiobuccal cusp of the maxillary first molar

U6A The apex of the mesiobuccal root of the maxillary first molar

Line1 X-axis: Occlusal plane of T1

Line2 Y-axis: perpendicular line at the mesiobuccal cusp of maxillary

first molar of T1
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groups exhibited forward and downward displacement of ANS
significantly but A point moved only downward significantly,
posterior part of maxilla (PNS) moved backward and downward
significantly in both groups. Anterior part of mandible (B, Pog,
Me) moved forward and downward significantly in non-extraction
group but moved only downward significantly in extraction group.
Posterior part of mandible (Ar, Go) moved backward and
downward significantly in both groups. For dental measurement
(Table 2, Fig.6-7), the maxillary incisors (U1I) moved backward

and downward, the maxillary molars (U6C) moved forward and
downward, the mandibular molars (L6C, L6A) moved forward
and upward significantly in both groups. The mandibular incisors
(L1I) moved upward significantly in non-extraction group and
moved backward and upward significantly in extraction group.
For treatment effect on soft tissue profile, there was significantly
decrease in lower lip to E-line value and increase in nasolabial
angle in both groups.

Fig. 6  The displacement of maxillary incisor and first molar (A. non-extraction group, B. extraction group)

X-axis: Downs’ occlusal plane, Y-axis: perpendicular line at the mesiobuccal cusp of maxillary first molar

T1: pretreatment, T2: posttreatment

Fig. 5 The displacement of maxilla and mandible (A. non-extraction group, B. extraction group)

X-axis: SN line, Y-axis: SN perpendicular line      T1: pretreatment, T2: posttreatment
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Fig. 7 The displacement of mandibular incisor and first molar (A. non-extraction group, B. extraction group)

X-axis: Downs’ occlusal plane, Y-axis: perpendicular line at the mesiobuccal cusp of mandibular first molar T1: pretreatment, T2 : posttreatment

Fig. 8  The horizontal displacement of ANS in non-extraction and extraction group
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Table 3 shows the skeletal, dental and soft tissue changes
following the treatment of both groups. When compared, in the
non-extraction group, the maxilla moved more downward
significantly, the mandibular growth was enhanced inducing the

                 Non-extraction group Extraction group

       Landmark (mm.) average s.d. average s.d.             Significance

1 ANS (x) 0.68 1.60 0.85 1.01 ns

(y) -3.90 2.38 -2.50 1.69 **

2 PNS (x) -0.56 1.34 -0.65 1.08 ns

(y) -2.81 1.85 -1.83 1.45 **

3 A (x) 0.20 1.48 0.17 1.15 ns

(y) -3.97 2.33 -2.85 1.55 **

4 B (x) 1.57 2.31 0.11 2.42 **

(y) -7.82 3.26 -5.68 2.91 ***

5 Pog (x) 2.02 2.44 0.53 2.56 **

(y) -8.94 3.66 -6.99 3.23 **

6 Me (x) 2.11 2.55 0.40 2.56 **

(y) -9.33 4.15 -7.30 3.39 *

7 Ar (x) -1.63 1.37 -0.99 1.68 *

(y) -1.97 1.75 -1.33 1.43 ns

8 Go (x) -2.05 2.21 -1.82 2.25 ns

� (y) -7.88 3.44 -4.78 2.94 ***

9 U1I (x) -1.30 1.76 -4.92 2.03 ***

(y) -1.41 1.27 -2.06 1.70 *

10 U1A (x) 0.57 1.66 -0.72 1.52 ***

(y) -0.03 1.39 0.98 1.65 **

11 U6C (x) 1.25 1.55 3.93 1.21 ***

(y) -3.68 1.09 -2.40 1.36 ***

12 U6A (x) 0.15 1.96 2.58 1.55 ***

(y) -3.22 1.14 -2.16 1.47 ***

13 L1I (x) 0.18 1.96 -3.45 2.67 ***

(y) 1.66 1.75 1.67 1.64 ns

14 L1A (x) -0.33 1.11 -0.82 1.22 *

(y) 1.95 1.80 0.45 1.65 ***

15 L6C (x) 1.97 1.42 3.67 1.35 ***

(y) 2.90 1.44 2.64 1.39 ns

16 L6A (x) 2.81 1.77 4.44 1.44 ***

� (y) 2.55 1.50 2.39 1.55 ns

17 LL-E line(mm.) -1.27 1.93 -2.92 1.96 *

18 NLA(degree) 5.67 8.68 4.03 7.74 ns

Table 3 Changes of skeletal, dental and soft tissue profile between non-extraction and extraction group

Significant between group *p ≤ 05, **p ≤ .01, ***p ≤ .001; ns indicates not significant

1-16(x): positive values mean right on x-coordinate, negative values mean left on x-coordinate.

9-16(y): positive values mean above x-coordinate, negative values mean below x-coordinate.

anterior part of mandible to move more forward and downward
significantly than those in the extraction group. In dental changes,
in the non-extraction group, maxillary incisors (U1I) moved less
backward and more slightly downward than the extraction group.
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Maxillary incisors apex (U1A) moved slightly forward and
downward in the non-extraction group, whereas moved slightly
backward and upward in the extraction group. Maxillary molars
moved less forward and more downward in the non-extraction
group. Mandibular incisors (L1I) moved slightly forward in the
non-extraction group, whereas moved backward in the extraction
group. Mandibular molars moved less forward and more upward
in the non-extraction group. In soft tissue profile changes, lower
lip of the extraction group was more retracted than those in the
non-extraction group. Compared to the Thai norm, posttreatment
soft tissue profile of both groups were in normal range.

Discussion

From the pretreatment characteristics, these Thai
samples with Class II division 1 malocclusions had skeletal Class
II malocclusion due to retrusive mandible with protrusion of
incisors and lower lip. The non-extraction group had lower mean
age and more severe skeletal problem (ANB angle), whereas
the extraction group had more protrusion of incisors and lower
lip. To control the bias from the experience of orthodontist, all
samples in this study were treated by same orthodontist.

This study was decided to evaluate the treatment changes
by regional superimposition method, this method can
demonstrate the degree and direction of changes of each part of
structures better than conventional linear and angular
measurement that mostly used in the previous studies, therefore
comparing the result of the treatment with other studies was
limited.

Numerous studies have been undertaken to evaluate the
efficiency of the cervical headgear in growing patients. Most of
the previous studies emphasized the effect of this appliance on
the maxillary growth; few studies had evaluated the effect on the
mandibular growth. Therefore, this study aimed to evaluate the
effect of cervical headgear especially on the mandibular growth
and facial profile changes when compared with the extraction
treatment.

Results from the study showed the effect of cervical
headgear in treatment of Class II division 1 malocclusion patients
on both maxilla and mandible. In the non-extraction group, ANS
moved slightly forward (only 0.68 mm.), but moved downward
3.9 mm., A point moved only downward. Thus, the effect of
headgear was redirecting the growth of maxilla into more
downward direction.

Though the mean average showed the forward
displacement of ANS in the non-extraction group, the individual
response was varied, consisted of forward movement in 34
patients (66.67%), backward movement in 11 patients (21.6%)
and no movement in 6 patients (11.8%). (Fig.8) In vertical plane,
all sample showed the movement in same direction. Therefore
the effect of cervical headgear on the maxilla was redirecting
growth in more downward direction coincided with the previous
studies.2-5,14

In the mandible, effect of cervical headgear combined
with craniofacial growth enhanced the mandibular movement in
both anterior and downward direction as described by other
studies7, 17,18 but is contrary to the finding of Kim and Muhl19 who
found no significant effect of cervical headgear on the mandibular
growth. This might because the samples in that study were older
(11.08+1.5 year olds) than in our study (10.51+1.33 year olds).

According to Keeling and coworkers’ study,7 the headgear,
both cervical and high pull, showed significantly more skeletal
Class II correction than did the controls with regard to mandible
and apical base measures and caused posterior maxillary tooth
movement. Lima Filho et al17 suggested that cervical headgear
was efficient in correcting the skeletal Class II relationship, most
of the correction occurred as a result of anteriorly directed
mandibular growth and the age at the onset of treatment  was a
critical factor. Baccetti et al18 studied the effect of timing on the
outcomes of non-extraction therapy and found that Class II
malocclusion treatment before or during the pubertal growth spurt
induced significant favorable skeletal changes by restricted
maxillary advancement in pre-pubertal patients and enhanced
mandibular growth in pubertal patients, patients treated after the
pubertal growth spurt had only dentoalveolar changes. In this
study, samples in non-extraction group did not passed the peak
of pubertal growth which is the appropriate time to enhance the
mandibular growth. However, the individual response of
mandibular growth, in horizontal plane, to the cervical headgear
was varied. The change of B point following the treatment was
ranged from (-1.5) to 9.5 mm. (mean 1.57±2.31 mm.) (Table 3),
the change of Pog point was ranged from (-1.0) to 11.5 mm.
(mean 2.02±2.44 mm.), the change of Me point was ranged from
(-1.0) to 11.5 mm. (mean 2.11±2.55 mm.) in the non-extraction
group. The extraoral facebow of cervical headgeard tilted 20
degrees upward in relation to the occlusal plane as described by
Melsen14 who founded that the maxillary complex was rotated
more posteriorly and molar was moved without tipping when the
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extrabow was tiled upward because force vector passed closed
to the center of resistance of tooth. In addition, the inner bow
was expand to increase the intercanine width of the maxillary
arch, this is essential for allowing the anterior displacement of
the mandible.17

In comparison between the two groups, there were
greater significantly skeletal changes in the non-extraction group
than those in the extraction group, whereas dentoalveolar
changes in horizontal direction were greater in the extraction
group, indicated that correction of Class II malocclusion was
accomplished mainly by orthopedic effect in the non-extraction
group and by orthodontic effect in the extraction group. The
extrusion of the molars following cervical headgear treatment
coincided with the vertical growth of maxilla and mandible, as
found in other studies,3,20 might correct the dental deepbite thus
allowing the mandible to grow into more anterior direction. The
result showed some anterior movement of the maxillary first molar
in non-extraction group that was consistent with the study by
Cangialosi et al20 but did not agree with conclusion of Haralabakis
et al3 and Keeling et al7 who found  posterior movement of the
maxillary first molar following cervical headgear treatment.
Anterior movement of the first molars in the non-extraction group
might due to the leeway spaces after the exfoliation of deciduous
molars that occurs during the treatment.

Lower lip was more retracted in the extraction group, but
it is still acceptable when compared with the Thai norm, this
agreed with the study of Bishara et al12 who found that after
treatment lower lips were more retrusive in the extraction group
but contrast with James’ study11 who found that lip position was
slightly more retrusive in the non-extraction group. There was
no difference in upper lip retraction between groups. The upper
lip position of both groups were in normal range of the Thai norm.

Conclusion

Our study of dentoskeletal and facial profile changes
following the Class II division 1 treatment evaluated by lateral
cephalometric radiograph had demonstrated that

1. Correction of Class II division 1 malocclusion was
accomplished mainly by orthopedic effect in the non-extraction
group and by orthodontic effect in the extraction group.

Cervical headgear was effective in treatment of Class
II division1 malocclusion growing patients. Its treatment effects
were redirection of the maxillary growth into more downward

direction and enhancement of the mandibular growth in forward
and downward directions.

2. Both treatment protocols had the favorable effect on
the soft tissue profile.
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