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Upper Airway Dimensions in Class Il Malocclusion

Effects of Headgear Treatment

Mirja Kirjavainen;2 Turkka Kirjavainen2

ABSTRACT
Objective: To study the effects of cervical headgear treatment of Class Il division 1 malocclusion on upper airway structures in children.

Materials and Methods: Forty children aged 9.1 (7.2-11.5) years with Class Il division 1 malocclusion were treated using a cervical headgear as the only treatment
appliance. The headgear consisted of a long outer bow bent 15° upward and a large inner bow expanded 10 mm larger than the intermolar distance. Lateral cephalograms
were taken before and after the treatment. Upper airway structures were estimated from the cephalograms. The results were compared to cross-sectional data of 80 age-
matched controls with a Class | molar relationship.

Results: A Class | molar relationship was achieved in all treated children. The mean treatment time was 1.6 (0.3-3.1) years. The Class Il malocclusion was
accompanied by a similar or wider nasopharyngeal space than in the controls but narrower oro- and hypopharyngeal spaces. The retropalatal area was widened by the
treatment (P < .05), whereas the rest of the oropharynx and hypopharynx remained narrower than in the controls. Before the treatment, the mandibular plane was in a
more horizontal position than in the controls, but during the treatment, it rotated to a position similar to that of the controls.

Conclusion: Class Il division 1 malocclusion is associated with a narrower upper airway structure even without retrognathia. Headgear treatment is associated with an
increase in the retropalatal airway space.
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A cervical headgear with an expanded inner bow may be used alone to treat Class Il division 1 malocclusion.2=2 This form of treatment is associated with the widening of maxilla
together with upward and forward rotation of the mandible. These effects would be expected to be accompanied by an increase in upper airway space and should be favorable for
breathing. Consistent with this, maxillary expansion has been shown to decrease the presence of upper airway obstruction during sleep in young adults with mild or moderate
obstructive sleep apnea.# However, there is one preliminary report that the use of headgear treatment could predispose a patient to upper airway obstruction during sleep.2

The purpose of this study was to examine the upper airway structures in children with Class Il malocclusion to determine the effects of headgear treatment on upper airway
dimensions.

MATERIALS AND METHODS Return to TOC
Patients

Upper airway structures were studied in 40 consecutively referred healthy school children (20 boys and 20 girls) who were referred for treatment because of a Class Il division 1
malocclusion. The inclusion criteria were (1) Class Il malocclusion with an overjet of more than 2 mm, (2) a protrusive maxilla indicated in a cephalometric analysis by the A-point's
being in front of the nasion-pogonion line, (3) the availability of pretreatment and posttreatment plaster models and lateral and posteroanterior cephalograms, (4) between the age of 7
and 12 years at the date of referral, (5) good general health, and (6) good or at least moderate cooperation. The mean age of the children at the beginning of treatment was 9.1 + 1.0
(range, 7.2-11.5) years and at the end of the treatment 10.7 + 1.1 (range, 8.6-13.0) years.

The results were compared to the control cephalograms of 80 children (aged 6—14 years) with a Class | molar relationship. Ten controls, five girls and five boys, were blindly selected
for each 8-year group from the cross-sectional normal population of 538 Finnish schoolchildren (282 boys and 256 girls). The normal population data were collected between 1965 and
1968,8 put the cephalograms were reanalyzed for the purposes of this study. There were no data available concerning adenoids and tonsils in this population.

The study protocol was approved by the Ethics Review Committee of the Hospital for Children and Adolescents, Helsinki University Hospital.

The first author treated the children with Class Il malocclusion with an orthopedic cervical headgear without any other appliances during the study periods in the Health Center of



Forssa. A Kloehn-type cervical headgear with a large inner bow and long outer bow was used. The treatment methodology has been described previously in detail. =2 The inner bow of
the headgear was expanded 10 mm larger than the distance between the maxillary first molar tubes and made parallel to the occlusal plane. To prevent distal tipping of the first molar
crowns and extrusion of the first molars over the amount of the normal eruption, a long rigid outer bow bent 15° upward was used. The cervical traction force was 500 g per side. The
expansion of the inner bow and the amount of force used were adjusted at 6- to 8-week intervals. The subjects were asked to wear the headgear 12 to 14 hours a day, in the evenings
and at nights, and to keep a daily diary of their headgear wear. Cooperation was estimated according to the diary notes and signs of use, including the tearing of the elastic band and
neck strap. The posttreatment cephalograms were taken when a Class | molar relationship was achieved.

Cephalometric Landmarks and Reference Planes

To analyze the effects of the cervical headgear therapy on upper airway dimensions, lateral cephalograms were taken before and after the treatment using a cephalostat (Cranex DC2,
Tuusula, Finland). The linear measurements and angles were calculated using special purpose software. The used landmarks are defined in Table 1 ©= and presented in Figure 1 ©=.
Lines parallel to the Frankfort horizontal plane (Po-O) were used in the determination of counterpart landmarks for ve, p, ph, and eb on the posterior pharyngeal wall. The linear
measures were corrected for magnification of the cephalograms.

Statistical Methods
For the definition of normal mean values, a fourth-order polynomial equation was fitted to the control group data using nonlinear curve fitting by GraphPad Prism 4.0 (GraphPad
Software Inc, San Diego, Calif; Figure 2 ©@=). This calculated fitted mean was used to estimate the normal mean value for each particular age and to compare with the study group. The
comparisons between the groups were performed using a paired t-test. Statistical analyses were calculated using SPSS 12.0.1 (SPSS Inc, Chicago, lll). Paired t-tests were also used
to compare the pretreatment and posttreatment measurements. Correlations between variables were calculated by linear regression analyses, and P < .05 was considered statistically
significant. The values are presented in the form of mean * standard deviation.

Method Error

Serial pretreatment and posttreatment measurements were taken in five randomly selected children to assess measurement repeatability. The method error was estimated using the
Dahlberg formulaZ:

2
ve- |2
2n

and the results are presented in Table 2 ©@=. The presence of systematic error was estimated by Forsberg's method.& The significance tests of the mean differences ({?) were calculated
according to the formula

d

t = ———.
aiz *
Nn(n—-1)

The measurement was considered to be free of systematic error if the t value was within the limits —2.07 <t < 2.07. All of the measurements were free of systematic error.
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The target of the treatment was achieved in all children, and all Class Il division 1 malocclusions were converted to a Class | molar relationship. The mean treatment time was 1.6 +
1.5 (0.3-3.1) years. Thirty-three children had good cooperation, and 7 had moderate cooperation. Phase 2 treatment was needed in 18 of 40 treated children, most often because of
remaining overjet or overbite.

The effects of treatment on facial skeletal widths has been published previously.2 Numeric values of the measurements in the control group are presented in Table 2 @=, and the
treatment results are presented in Table 3 @=. Adenoids were removed in 14 children prior to the headgear therapy. There were no significant differences in the results between the
children with and without adenoidectomy except in the parameters ad1-PNS and ad2-PNS distances, both of which were longer in the children who had undergone adenoidectomy (P
=.02). The SNA angle also decreased less in the children whose adenoids had been removed (P = .004).

Nasopharynx

The subjects in the treatment group had a similar or wider nasopharynx than the controls, and this was not affected by the treatment. The distance S-PNS was 2.0 + 2.7 mm longer
(P < .0001) pretreatment and 1.9 + 3.0 mm longer (P = .0002) posttreatment (Table 3 ©=; Figure 2 ©=). Also, ad2-PNS was longer than in the controls. However, this difference was
observed only in those patients whose adenoids were removed. The ad1-PNS distance was similar to the controls both pretreatment and posttreatment.

Oro- and Hypopharynx

The children with Class Il malocclusion had a narrower oro- and hypopharynx (AA-PNS ns; ve-pve 1.8 + 2.2 mm, P < .0001; p-pp 1.8 + 2.4 mm, P <.0001; pas 1.7 + 3.2 mm, P
=.0004; ph-pph 1.9 £ 2.8 mm, P = .0002; eb-peb 3.1 + 2.7 mm, P < .0001) than the controls before the treatment (Table 3 @=; Figure 2 ©=). The retropalatal area was widened by the
treatment, whereas the rest of the oropharynx and hypopharynx remained narrower than in the controls. In the retropalatal area, ve-pve was increased 0.6 + 1.7 mm/y (P = .03) more,
and p-pp was increased 0.6 + 1.7 mm/y (P = .03) more than the observed annual change in the cross-sectional control population.

The length (PNS-p) and width (spl-sp2) of the soft palate remained similar to the controls throughout the treatment period. The angle between the palatal plane and the tip of the soft
palate (ANS-PNS-p) was decreased by the treatment (P < .0001) from 3.6° + 5.9° wider (P = .0004) to 3.9° + 5.8° narrower (P = .0002) than observed in the controls. However, the
change in this angle did not correlate to the observed space gain in the retropalatal area (ve-pve, p-pp).

Maxilla, Mandible, Tongue, and Hyoid Bone Position

The SNA angle was 1.9° + 2.9° wider in the treatment group than in the controls (P = .0003) before the treatment but was decreased 1.0° + 0.7° per year by the treatment, whereas in
the controls, the angle was widened 0.3° + 0.4° per year (P < .0001). At the end of the treatment, the angles between the groups did not differ from each other (P = .21). The length of
the hard palate (ANS-PNS) was increased 0.6 + 1.0 mm per year more than the observed annual change in the control group (P = .001), and it became 1.7 + 3.3 mm longer than in the
controls at the end of the treatment (P = .002).

The SNB angle was similar to that of the controls throughout the treatment period and was unaffected by the treatment. The ANB angle was 1.1 + 1.8 mm wider than in the controls
at the beginning of the treatment (P = .0002) but was reduced 1.0° + 0.8° per year more than the observed annual change in the control group (P < .0001), to become 0.9 + 1.9 mm
narrower than in the controls (P = .005) at the end of the treatment. The mandibular plane angle (NS-MP) lay 2.7° + 5.2° more horizontal than in the controls (P = .002) at the beginning
and 1.8° + 5.4° at end of the treatment. The treatment did not significantly affect the mandibular plane anale. The length of the mandible (Co-Gn) was increased 1.9 + 3.5 mm per vear



more than the annual change in the control group (P = .001) to become 4.3 + 7.1 mm longer (P = .0004) than in the controls at the end of the treatment. The distance of the chin from
the spine (sum of measures C3ai-HPT and HPT-Rgn) was 8.4 + 12.9 mm shorter in the treatment group than in the controls pretreatment (P < .0001) and 5.3 + 14.2 mm shorter
posttreatment (P = .03). The C3ai-HPT-Rgn distance grew 1.4 + 3.0 mm per year more than the annual change in the control group (P = .03).

The facial height (N-Me) and lower facial height (ANS-Me) were similar to the controls at the beginning of the study, but N-Me grew 1.5 + 0.9 mm per year more than the annual
change in the control group to become 3.9 =+ 4.9 mm longer than in the controls (P < .0001). ANS-Me remained similar to that of the controls throughout the treatment period. The ratio
ANS-Me : N-Me was decreased accordingly during the treatment period to become smaller than in the controls at the end of the treatment (P < .0001).

The length of the tongue (tt-eb) was similar to the controls and was unaffected by the treatment. Tongue height (th) was 1.8 + 2.6 mm longer pretreatment and 3.1 + 3.2 mm longer
posttreatment in treated children compared to the controls (P = .0001), and the growth exceed 0.7 + 1.7 mm per year the annual increase observed in the control group (P = .01).

The distance between the hyoid bone and mandible (H-H') was 2.1 + 4.5 mm shorter pretreatment (P = .008) and 4.1 + 4.1 mm posttreatment (P < .0001) in the treated children than
in the controls. The distance became 0.4 + 2.2 mm per year shorter during the treatment, while in the control group, the distance increased 0.7 + 0.9 mm per year (P = .01).

DISCUSSION Return to TOC

The important feature of the headgear used was a 10-mm expanded inner bow. With this treatment, all of the children were treated to a Class | first molar relationship. The children
with Class Il malocclusion had a wider or similar nasopharynx than the controls but narrower oro- and hypopharyngeal spaces. The retropalatal area was widened by the treatment,
whereas the rest of the oropharynx and hypopharynx remained narrower than in the controls.

The effects of the headgear treatment on the upper airway space seem to be limited to the nose, nasopharynx, and retropalatal area. It has been previously shown in these same
children with Class Il malocclusion that the treatment increased their nasal width more than in the controls.2 This observed increase in the lateronasal width together with the observed
increase in the retropalatal airway space should decrease nasal resistance and enhance nasal breathing,2=L2 although the effect may not necessarily be clinically significant.14

Increased nasal breathing should have favorable effects on dentofacial development.23=17 The horizontal position of the mandible (NS-MP) and high position of the tongue support the
idea that the treated children were nose breathers prior to the treatment.

Although the principal idea of headgear treatment is to restrict forward growth of the maxilla,28 the treatment did not restrict growth of the palatal plane (ANS-PNS). The palatal plane
length grew even more than the observed annual change in the control group. We suggest that the restriction of the maxillary growth caused by the treatment is limited to the maxillary
alveolar process. This growth discrepancy may influence the forward growth and appearance of the nose.

The angle between the palatal plane and the tip of the soft palate was decreased during treatment. However, this decrease did not correlate with the change in dimensions of the
retropalatal airway space. We suggest that at least some of the decrease in this angle is due to the anterior downward rotation of the palatal plane? instead of a change in position of
the uvula.

The hyoid bone was in a higher position in the children with Class Il malocclusion than in the controls. This suggests that most of the studied subjects were habitual tongue
thrusters.22 Seventeen of 40 children with Class Il malocclusion were observed to thrust the tongue during swallowing at clinical controls.

Limitations of the Study
The control population consisted of a cross-sectional analysis of 538 school children studied in the late 1960s. Eighty controls with a Class | molar relationship were blindly selected
from this normal population. To enable the direct comparison between the two studied groups and to minimize the effect of normal variability within the control group, the normal growth
pattern of each parameter was estimated by fitting a fourth-order polynomial equation to the control group data (Figure 2 ©=). This calculated fitted mean was used to estimate the

normal mean value for each particular age and used in comparisons with the study group. A more precise estimate of normal growth would have been valuable, but this would have
required a substantially larger and newer control population or a longitudinally followed control group.

CONCLUSION Return to TOC

. A Class | molar relationship may be achieved by using only the cervical headgear in the treatment of Class Il malocclusion.
. Class Il malocclusion is related to a narrower oro- and hypopharyngeal space than in controls with a Class | first molar relationship.
. Cervical headgear treatment increases retropalatal airway space but does not significantly affect the rest of the oropharynx or hypopharynx in children with Class Il malocclusion
without retrognathia.
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Table 1. Cephalometric Landmarks, Angles, and Reference Planes

Measure Definition
Nasopharynx

S-PNS The distance of sella (S) to posterior nasal spine (PNS)

ad1-PNS The distance of ad1 to posterior nasal spine (PNS). Ad1 is the intersection point of posterior pharyngeal wall
and the line from posterior nasal spine (PNS) to basion (Ba)

ad2-PNS The distance of ad2 to posterior nasal spine (PNS). Ad2 is the intersection point of posterior pharyngeal wall
and the line from the midpoint of the line from sella (S) to basion (Ba) to posterior nasal spine (PNS)

Oropharynx

AA-PNS The distance of the most anterior point of atlas vertebra (AA) to posterior nasal spine (PNS)

ve-pve The distance of the closest point of soft palate to the posterior pharyngeal wall (velum palatinum, ve) to the
horizontal counterpoint on the posterior pharyngeal wall (pve)

p-pp The distance of the tip of soft palate (p) to horizontal counterpoint on posterior pharyngeal wall (pp)

Pas The distance of the intersection points on anterior and posterior pharyngeal wall of the line from supramentale
(B) to gonion (Go)

ph-pph The distance of horizontal counterpoints on anterior and posterior pharyngeal wall in oropharynx at its narrow-
est area

Soft palate
ANS-PNS-p The angle anterior nasal spine (ANS) to posterior nasal spine (PNS) to palate point (p)
PNS-p The distance of posterior nasal spine (PNS) to tip of soft palate (p)
sp1-sp2 The thickest cross section of the soft palate
Hypopharynx

eb-peb The distance from vallecula of epiglottis (eb) to horizontal counterpoint on the posterior pharyngeal wall (peb)
Maxilla

SNA The angle sella (S) to nasion (N) to subspinale (A)

ANS-PNS The length of the palatal plane from anterior nasal spine (ANS) to posterior nasal spine (PNS)
Mandible

SNB The angle sella (S) to nasion (N) to supramentale (B)

ANB The angle subspinale (A) to nasion (N) to supramentale (B)

NS-MP The angle nasion (N) to sella (S) to mandibular plane (MP). Mandibular plane is the line from mandibular base
point (MBP) to menton (Me)

Co-Gn Mandibular length. The length from the most posterior and superior point on the condylar head (Co) to the
most anterior and inferior point on the mandibular symphysis (Gn)

C3ai-HPT-Rgn Sum of two distances:; (1) the perpendicular distance between the most anterior and inferior point on the cor-
pus of the third cervical vertebra (C3ai) and HPT. HPT is the vertical line from the most anterior and superi-
or point of hyoid bone perpendicular to nasion (N) to sella (S) line with 7° upward correction. (2) The dis-
tance from most dorsal point of mandibular symphysis (retrognation, Rgn) perpendicular to HPT

Facial heights
N-Me The distance from nasion (N) to menton (Me)
ANS-Me The distance from anterior nasal spine (ANS) to menton (Me)

Tongue



Length (tt-eb)
Height (th)

Hyoid bone
H-H’

H-C3ai

Tongue length. The distance from anterior point of tip of tongue (i) to the base of epiglottis (eb)

Tongue height. The perpendicular distance of superior point of tongue (th) bellow posterior nasal spine (PNS)
to line from the tongue tip (it) to the intersection point of tongue and mandibular border (tg)

The distance from the most anterior and superior point of hyoid bone (H) perpendicular to mandibular plane

(MP)

Hyoidale (H). The perpendicular distance from the most anterior and superior point of hyoid bone to perpen-
dicular line from C3ai to HPT

Table 2. Measurements of the 80 Control Children?

Age,y
6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14
X sD X sD X sD X sSD X sD X sSD X sD X sSD

MNasopharynx

S-PNS, mm 384 26 398 26 403 3.0 413 18 420 25 43.0 1.8 430 1.9 441 23
ad1-PNS, mm 18.9 5.2 213 19 201 3.7 19.0 55 211 58 195 43 207 5.0 23.2 541
ad2-PNS, mm 13.5 31 142 21 148 1.2 14.7 3.7 14.8 3.0 15.3 3.4 15.0 3.0 169 27
Oropharynx

AA-PNS, mm 306 25 335 35 323 47 317 27 320 27 31.9 41 31.0 31 339 37
ve-pve, mm 9.2 22 106 29 94 24 98 1.7 94 26 106 4.4 9.1 22 11.0 1.9
p-pp, mm 11.9 2.0 13.0 3.2 11.5 3.1 111 186 109 2.8 121 4.4 109 2.3 13.0 1.7
pas, mm 12.0 3.2 135 47 12.8 35 13.0 2.3 123 26 13.3 4.9 13.1 3.3 12.9 31
ph-pph, mm 10.3 3.0 131 5.0 11.3 44 10.2 3.0 97 28 10.7 5.0 101 3.2 12.0 39
Soft palate

ANS-PNS-p, ° 1341 8.5 136.6 4.6 1339 74 1357 47 1364 5.1 1371 5.0 1329 7.7 1341 7.8
PNS-p, mm 259 24 26.8 2.3 279 18 282 3.0 285 1.2 283 28 287 18 309 34
sp1-sp2, mm 72 07 8.0 0.8 73 15 72 1.0 76 1.2 77 08 82 1.1 83 09
Hypopharynx

eb-peb, mm 135 16 16.6 4.0 148 2.7 154 2.7 142 25 17.7 6.7 148 3.8 19.0 51
Maxilla

SNA, ° 814 17 821 3.0 792 39 806 2.0 816 34 813 3.0 817 33 805 36
ANS-PNS, mm 448 2.0 46.0 21 476 28 459 23 462 28 466 3.2 473 23 50.7 3.2
Mandible

SNB, ° 76.4 14 778 3.3 766 43 777 26 778 29 787 27 799 29 781 48
ANB, ° 50 15 43 14 29 22 29 17 38 22 28 2.0 20 1.8 25 21
NS-MP, ° 36.4 25 329 47 359 49 349 5.1 356 4.9 348 39 306 45 31.0 58
Co-Gn 90.0 3.3 952 2.9 976 66 993 47 1001 3.6 101.3 43 1034 31 108.3 57
C3ai-HPT-Rgn, mm 572 58 65.4 8.5 65.0 6.8 641 8.1 625 4.2 675 65 66.2 85 728 11.0
Facial heights

N-Me, mm 939 36 954 26 1005 43 998 48 1023 43 1034 53 1018 51 1085 43
ANS-Me, mm 544 22 55.0 241 578 28 575 37 591 34 587 32 571 37 622 3.0
Tongue

Length (tt-eb), mm 584 4.7 624 5.7 649 44 659 56 655 4.2 673 25 703 3.8 718 58
Height (th), mm 174 15 175 2.3 18.9 3.1 18.0 2.7 19.5 3.0 19.1 3.3 18.3 3.7 216 4.0
Hyoid bone

H-H’, mm 92 25 8.7 26 11.3 45 143 2.7 13.5 6.2 14.0 4.2 13.3 4.8 12.8 3.7
H-C3ai vertical line,
mm -1.9 32 -43 2.9 -27 34 08 29 04 48 -0.1 35 21 486 -1.4 36

= Each age group includes data from five girls and five boys.

Table 3. Pretreatment and Posttreatment Values and Changes and Method Errors?



Pretreatment Posttreatment

X SD X SD Changefy SD ME

Nasopharynx

S-PNS, mm 43.0 2.9 44 40> 3.2 0.6 0.4 0.3

ad1-PNS, mm 21.1 4.3 21.1 4.3 0.0 2.0 0.5

ad2-PNS, mm 16.2%* 3.5 17.30* 4.4 0.6"* 1.5 0.7
Oropharynx

AA-PNS, mm 32.2 35 31.0% 26 -0.6 1.4 0.6

ve-pve, mm 27 R 2.2 9.1 24 0.4 1.3 0.5

p-pp, mm 10. 4% 2.4 10.6 2.6 0.2 1.6 03

pas, mm 11.04%* 3.1 11,19 3.2 0.0 1.8 0.5

ph-pph, mm g, 7w 2.6 9.9 37 0.1 2.1 0.3
Soft palate

ANS-PNS-p, ® 139,30+ 5.9 131.6%** 59 —-3.64* 2.5 2.4

PNS-p, mm 28.1 3.0 28.4 2.6 0.1 1.3 0.8

sp1-sp2, mm 7.7 1.1 7.7 1.1 0.0 0.8 0.4
Hypopharynx

eb-peb, mm 12,34 2.7 13.qunme 3.2 0.2 2.0 0.4
Maxilla

SNA, © g2.7v** 3.0 80.8 3.4 —1.04* 0.7 03

ANS-PNS, mm 47.2 2.8 48.50** 35 0.6 1.0 0.6
Mandible

SNB, 78.1 2.9 78.8 3.2 0.3 0.8 0.3

ANB, © 4.6"** 1.8 2.0 1.8 —1.30 0.8 0.2

NS-MP, ° 31.74 5.2 31.3 55 -0.2 0.9 0.5

Co-Gn 99.3 5.3 105,70 6.2 2.guree 1.4 0.3

C3ai-HPT-Rgn, mm 59,30 5.5 62.2" 6.6 1.4 3.2 0.2
Facial heights

N-Me, mm 99.8 4.8 105.4%**** 5.1 2.5 0.5 0.4

ANS-Me, mm 57.7 3.7 59.0 4.2 0.6 0.7 0.3
Tongue

Length (tt-eb), mm 64.6 5.2 67.0 4.2 0.9 1.9 0.4

Height (th), mm 20,10 2.7 22,20 33 1.00* 1.7 1.2
Hyoid bone

H-H', mm 10.3+* 3.9 9.9 3.9 —0.4+ 2.2 0.3

H-C3ai vertical line, mm -0.4 53 -1.0 6.4 -0.6%" 2.6 0.2

= Superscript at the end of a number indicates if the value is longer (8) or shorter (U) than in the controls and whether it differs from the
controls. ME indicates method error.
*P < .05 * P< .01, P<.001;* P < .0001.
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Figure 1. Landmarks used. For definitions, see Table 1 ©=
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Figure 2. Pretreatment (solid) and posttreatment (open) upper airway widths plotted against normal mean with 95% prediction interval
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