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Maxillary Expansion in Class II Correction with Orthopedic
Cervical Headgear. A Posteroanterior Cephalometric Study

Mirja Kirjavainen, DDSa; Turkka Kirjavainen, MD, DScMedb

Abstract: Class-II, division-1 malocclusion appears to be associated with a narrow maxilla. A class-II
malocclusion may be corrected to a class-I relationship in children using a cervical headgear provided that
the narrow maxilla is expanded. This expansion is possible using headgear by dental cast analysis, but this
has not been confirmed by cephalometry. We studied the effects of orthopedic cervical headgear on dental
and skeletal facial widths in 40 children aged 9.1 (7.2–11.5) who had class-II, division-1 malocclusions.
The headgear consisted of a long outer bow bent 158 upward and a large inner bow expanded by 10 mm.
Posteroanterior cephalographs and dental casts were taken before and after treatment. The results were
compared with the control values presented in the literature. The malocclusion was treated to a class-I
relationship in all children. The average treatment time was 1.6 (0.3–3.1) years. The maxilla was widened
significantly (P , .0001). The upper first molar width (um-um) and maxillary width (mx-mx) increased
3.2 and 1.6 mm/y, respectively. Maxillary widening was also observed in the nasal structure as indicated
by an increase in lateronasal width (lap-lap) by 1.0 mm/y (P , .005). With maxillary widening, the
mandibular dental arch widened spontaneously. The lower first molar width (lm-lm) increased 0.8 mm/y,
which was more than the increase in the controls (P , .0001). However, the antegonial width (ag-ag)
remained unaffected. By using a widened inner bow in headgear therapy with class-II malocclusions, a
widening of maxilla and nasal cavity may be obtained. (Angle Orthod 2003;73:281–285.)
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INTRODUCTION

Class-II, division-1 malocclusion and dental crowding
are the two most common indications for orthodontic treat-
ment in Finland.1 For the correction of a class-II malocclu-
sion, orthopedic cervical headgear is widely used as an ear-
ly treatment appliance because it is easy to use and is ac-
ceptable by children. The principle of orthopedic headgear
treatment is to apply a strong pulling force on the maxillary
first molars to restrict the forward growth of maxilla.2

In children with a class-II, division-1 malocclusion, the
maxilla is often narrow.3,4 This may be seen already at the
age of five years when children still have the deciduous
dentition.3,5 When correcting the malocclusion with a head-
gear, it appears to be essential to widen the narrow maxilla
to avoid a downward and backward growth rotation of the
mandible.2,6,7 Studies with dental casts indicate that expan-
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sion of the maxilla can be achieved by using a cervical
headgear with large, expanded inner bows.8,9 The results
have not been confirmed by cephalographic analysis.9

Posteroanterior (PA) cephalographs are used to diagnose
and quantify facial asymmetries and skeletal structural ab-
normalities.10,11 However, the use of PA cephalography in
orthodontic practice is rare, and hence, there are only a
limited number of studies available concerning this method.

The purpose of the present study was to investigate the
effects of orthopedic cervical headgear therapy on skeletal
facial widths in children with class-II, division-1 malocclu-
sion. The headgear used had a large, expanded inner bow.
Skeletal facial widths were measured by PA cephalometry
and pre- and posttreatment measurements were compared.

MATERIALS AND METHODS

Patients

Forty healthy school children, 20 boys and 20 girls, who
were consecutively referred to the Health Center of Forssa
for the treatment of class-II, division-1 malocclusion, were
included in the present study. The inclusion criteria were
(1) class-II first molar relationship with an overjet more
than two mm, (2) a protrusive maxilla confirmed by ceph-
alometric analysis where A-point was in the front of the
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FIGURE 1. The skeletal and dental cephalometric landmarks used
in this study. lo-lo 5 latero-orbitale distance; lap-lap 5 internasal
distance; mx-mx 5 maxillary width; um-um 5 upper first molar width;
lm-lm 5 lower first molar width; ag-ag 5 mandibular width.

TABLE 1. Pre- and Posttreatment Values and Changes in the
Skeletal and Dental Measures (mm)

Measure
Corr
factor

Pretreatment

Mean SD

Posttreatment

Mean SD
Change
(mm/y) SD

Skeletal widths

mx-mx
ag-ag
lap-lap
lo-lo

0.919
0.898
0.93
0.927

59.1u**
74.8u*
23.6↓***
84.0↓***

2.5
3.4
2.4
2.9

62.7u***
78.1u*
25.8↓*
85.3↓***

3
3.8
2.7
3.4

1.6***
1.5
1.0**
0.6

1
1.1
0.8
0.9

Dental widths

um-um
lm-lm

0.919
0.919

54.9u***
54.7u***

2.3
2

61.5u***
56.3u***

3
2

3.2***
0.8***

1.7
0.8

* P , .05; ** P , .01; *** P , .001. Superscript at the end of the
number indictaes whether the value is larger (u) or smaller (↓) than
the normal mean12 or if the treatment has changed width significantly
in comparison to the change observed in the normal population.12

All measurements were changed significantly (P , .001) when pre-
and posttreatment values were compared to each other. Values are
corrected with the presented correction factor.

nasion-pogonion line, (3) availability of pre- and posttreat-
ment plaster models, lateral and PA cephalograms, (4) the
age of six to 12 years at the date of referral, (5) otherwise
healthy condition, and (6) expectancy of good or at least
moderate cooperation.

The first author treated the subjects with the orthopedic
cervical headgear without any other appliances. The mean age
of the children at the beginning of the treatment was 9.1 (SD
1.0, range 7.2–11.5) years and at the end of the treatment was
10.7 (SD 1.1, range 8.6–13.0) years. Thirty-three children had
good cooperation and seven had moderate cooperation.

For ethical reasons, we were not able to use our own
control data. Therefore, all PA cephalometric measurements
were compared with the normal control values presented by
Athanasiou et al.12 The control population consisted of 588
Austrian schoolchildren (157 girls and 431 boys) aged be-
tween six and 15 years. They were examined during the
years of 1974 and 1975.

Methods

The class-II, division-1 malocclusions were treated with
a Kloehn-type cervical headgear with a large inner bow and
long outer bow.2,7,9 To keep teeth out of contact with cheeks
and lips, horizontal bayonets were bent in the inner bow.
The distance between the bow and the anterior teeth was
set to three mm. The ends of the inner bow were bent in-
ward to prevent the mesiopalatine rotation of the first mo-
lars or to rotate the first molars into their correct position.
The inner bow of the headgear also was expanded 10 mm
larger than the distance between the maxillary first molar
tubes and made parallel to the occlusal plane. The long
rigid outer bow was bent 158 upward to prevent distal tip-
ping of the first molar crowns. To prevent buccal and distal
tipping of the first molar crowns, the molar tubes were
placed as close to the gingival margin as possible.13

A force of 500 g per side was used for cervical traction.
The expansion of the inner bow and the amount of force
used were adjusted at six to eight week intervals. The sub-
jects were asked to wear the headgear for 12 to 14 hours a
day, in the evenings and at nights. Children were asked to
keep a daily diary of their headgear wearing. Cooperation
was estimated according to the diary notes and the signs of
use in the headgear such as tearing of the elastic band and
neck strap. The treatment was finished when the class-I
molar relationship was achieved. Some children needed fur-
ther treatment for horizontal overjet. Dental cast analysis
has been previously described.9

Posteroanterior cephalometry

To analyze the effects of cervical headgear therapy on
the facial and dental widths, PA cephalographs were taken
before and after the treatment. The cephalographs were tak-
en using a cephalostat (Cranex DC2 cephalostat). The dis-
tance between the ear rods and the film was fixed at 20 cm

and the distance between the anode and the film at 170 cm.
The landmarks used are presented in Figure 1.

To estimate a correction factor for magnification for each
of the landmarks used, metal buttons 1.5 mm in diameter
were implanted in a dry human adult skull, and a lateral
cephalogram was exposed in the cephalostat. The correction
factor for each of the landmarks used was calculated using
the method described by Hsiao et al.14 Correction factors
are presented in Table 1. In the description of the control
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TABLE 2. Pre- and Posttreatment Relationships of Widths over the
lo-lo Measurement (mm)

Measure

Pretreatment

Mean SD

Posttreatment

Mean SD
Change
in Ratio SD

Skeletal widths

mx-mx/lo-lo
ag-ag/lo-lo
lap-lap/lo-lo

0.710u***
0.920u***
0.280↓*

0.027
0.048
0.028

0.742u***
0.946u***
0.301

0.031
0.05
0.03

0.033***
0.026***
0.021***

0.03
0.024
0.015

Dental widths

um-um/lo-lo
lm-lm/lo-lo

0.660u***
0.657u***

0.026
0.024

0.727u***
0.666u***

0.033
0.026

0.067***
0.009***

0.03
0.014

* P , .05; ** P , .01; *** P , .001. Superscript at the end of the
number indicates whether the value is larger (u) or smaller (↓) than
the normal mean12 or if the treatment has significantly changed the
ratio in comparison to the change in the normal population.12 All
ratios were changed signficantly (P , .001) when pre- and post-
treatment values were compared to each other.

FIGURE 2. Pre- (open) and posttreatment (solid) values of PA mea-
surements in boys (●) and girls (.) as a ratio to lo-lo measurement.

population, Athanasiou et al12 did not use any correction
factor. Hence, we preferred the use of relationships of dis-
tances regarding latero-orbital distance (lo-lo) (Table 2).
However, the results were also compared with the normal
control values without any correction.

Measurement reproducibility

Serial pre- and posttreatment measurements were taken
in five randomly selected children to assess measurement
repeatability. The mean difference between the two mea-
surements was 0.27 mm (SD 0.34, range 0–1.5 mm). The
measurements were free of systematic error.

Statistical methods

All the statistical analyses were performed with SPSSt
statistical software (SPSS for Windows, release 10.0.7,
SPSS Inc, Chicago, Ill). Paired t-tests were used to compare
pre- and posttreatment measurements. The Student’s t-test
was used to compare differences between sexes and to com-
pare values with the normal cohort presented by Athanasiou
et al.12 Correlations between variables were calculated by
linear regression analyses using the least squares method.
P values less than 0.05 were considered statistically signif-
icant.

RESULTS

The treatment was successful in all the children, and a
class-I molar relationship was achieved. The mean treat-
ment time was 1.6 (SD 0.7, range 0.3–3.1) years. The
changes in skeletal facial widths are presented in Tables 1
and 2 and in Figure 2. The pre- and posttreatment values
of lm-lm were wider in boys than in girls (P , .01). How-
ever, no other differences were observed between the sexes,
and hence, the results are presented together.

The maxilla was widened by the treatment in parallel

with the correction of the malocclusion. The upper first mo-
lar width (um-um/lo-lo) and the maxillary width (mx-mx/
lo-lo) increased more than the increase in the controls (P
, .0001). The treatment also caused widening in the nasal
cavity. The lateronasal width (lap-lap/lo-lo) was increased
somewhat more than in the controls (P , .005). The man-
dibular dental arch widened spontaneously. The lower first
molar width (lm-lm/lo-lo) increased more than in the con-
trols (P , .0001), whereas the antegonial width (ag-ag/lo-
lo) remained unaffected.

The treatment was delivered exclusively to the upper first
molars. Despite this, the widening of maxillary alveolar
process and nasal cavity were accompanied with the wid-
ening of intermolar distance. The changes in mx-mx (r2 5
0.28, P , .001) and lap-lap (r2 5 0.30, P , .001) corre-
lated with the change seen in um-um (Figure 3). Also, the
change in lap-lap correlated with the change in mx-mx (r2

5 0.19, P , .01).

Dental cast analysis

To confirm the results of PA cephalographs, the dental
casts of the children were also analyzed. Before the treat-
ment, the dental arch widths of these children were smaller
than the dental arch widths of normal 9-year-old Finnish
children (P , .02).15 The treatment expanded the maxillary
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FIGURE 3. Correlations between the changes in maxillary upper first
molar width and maxillary width and between the upper first molar
width and the nasal width.

and mandibular dental arches significantly. This was seen
in the intercanine (maxilla, P , .001; mandible, P , .05)
and intermolar (P , .001) distances, which increased more
rapidly than in the control children.16

The change in intermolar distance measured from the
plaster models correlated significantly to the change in um-
um (r2 5 0.62, P , .001) and mx-mx (r2 5 0.19, P , .01)
distances as determined from the PA cephalographs. How-
ever, the change in lap-lap distance did not correlate with
the change in maxillary cuspal intermolar distance (r2 5
0.06, ns) but correlated with the gingival intermolar dis-
tance (r2 5 0.11, P , .05).

DISCUSSION

We have shown in this study, with PA cephalometry, that
the dental arches, the maxilla, and nasal cavity can be wid-
ened in parallel with the correction of class-II, division-1
malocclusion by the use of orthopedic cervical headgear.
The inner bow of the headgear was expanded to achieve

widening of the maxilla and mandible. With this method,
the malocclusion was successfully treated in all children,
and a concurrent significant widening of the upper dental
arch and the maxilla was noted together with the sponta-
neous widening of the mandibular dental arch. The width
of the mandibular body remained unaffected.

We used PA cephalometry to estimate the effects of the
treatment on skeletal facial and dental widths. The use of
PA cephalometry is not as standardized as the use of lateral
cephalometry. This causes problems especially in different
magnifications, which we overcame in our study using two
methods. First, we compared our results as ratios of mea-
sured widths over the latero-orbital distance (lo-lo) to con-
trol values previously reported by others.12 The latero-or-
bital distance is relatively constant in older children and,
therefore, is probably not affected by treatment interven-
tions. In children used in this study, this distance grew only
by 0.6 mm/y (P , .001). Second, we corrected the mea-
surements by using the method described by Hsiao et al.14

The comparison with the control values was limited be-
cause the control measurements were reported without any
correction factor. To be able to compare the real values to
the control values, we used the same correction factors for
both our patients and the control patients. This could have
caused some errors in the comparisons (Tables 1 and 2).

Dental casts were analyzed to confirm the effects of the
treatment on dental arch widths. The results of the dental
cast analysis were similar to our previous study.9 Dental
cast and PA cephalographic measurements correlated more
weakly than expected. This is likely to reflect some inac-
curacy in the imaging with PA cephalometry despite the
use of the cephalostat. Also, the fact that molar bands were
absent in the pretreatment cephalograms and present in the
posttreatment ones may have added some inaccuracy.

The children with class-II malocclusion have a narrow
maxilla.3–5 This narrowness together with the maxillary and
mandibular interarch discrepancy are seen already in the
deciduous dentition.3 A narrow maxilla is likely to be a key
factor in the development of the malocclusion. The narrow-
ness leads to an interarch discrepancy and consequently to
a counterclockwise rotation or a functional retrusion of the
mandible without a marked effect on the size of the man-
dible.4,17,18 The expansion of the maxillary dental arch and
the maxilla itself may enable normal mandibular growth
and its clockwise rotation upward and forward.7,17,19 During
the past few decades, there has been a significant tendency
toward narrower maxillary transverse dimensions.20 These
issues emphasize the significance of the maxillary expan-
sion. Without any intervention and maxillary widening, in-
terarch discrepancy is expected to increase with age.21,22

This is because of the maxillary and mandibular growth
pattern.17,19,23

In the present study, the achieved significant maxillary
widening was on average 3.7 mm (6.2%). This increase in
the maxillary width is likely also to have beneficial effects
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other than its effect on the interarch discrepancy and the
development of the occlusion. The widening of the maxil-
lary dental arch enhances facial appearance when smiling.
The larger dental arch does not leave excessive space at the
corner of the lips.24 Together with the widening of the max-
illary dental arch, the width of nasal cavity increased by
2.2 mm (9.2%). This increase is expected to decrease the
nasal breathing resistance,25 although the decrease is not
predictable for an individual patient according to the in-
crease in the nasal width.26 The importance of this increase
in nasal width may also be reduced because although re-
sistance may decrease, it is not necessarily accompanied by
an improvement in nasal function.27

We started headgear therapy when the children were be-
tween 7 and 12 years of age. At this age, the midpalatal
suture is still at the infantile or juvenile stage without stable
and firm overlapping bony interdigitation.28 Hence, the ex-
pansion of the palate is still possible. The increase in max-
illary width has been attributed to sutural growth.29 There-
fore, it is likely that the headgear therapy induced this
growth. Another treatment appliance binding the teeth to-
gether during the therapy may have had a preventive effect
on the sutural widening, and thus, an adverse effect on the
results.

CONCLUSIONS

Class-II, division-1 malocclusions can be corrected to a
class-I molar relationship with orthopedic cervical headgear
as the only treatment appliance. The growth of the mid-
palatal suture may be attained to a degree sufficient to cause
a significant widening of the maxillary dental arch while
increasing intranasal capacity.
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