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Original Article

Association of lip posture
and the dimensions of the
tonsils and sagittal airway
with facial morphology

Carroll-Ann Trotman, BDS, MA, MS; James A. McNamara Jr.,
DDS, PhD; Jos M.H. Dibbets, DDS, PhD; Leo Th van der Weele

he classic clinical observation that Class Il di- Lymphoid tissue and facial form
vision I anomalies are frequently associated  In his landmark study, Linder-Aronson? estab-

with mouth breathing has up to the present day
produced abundant literature, however without reach-
ing a consensus among the diverging opinions.”
These words of Korkhaus! are as true today as
they were when he wrote them in 1939.
Korkhaus also observed that mouthbreathing
often was associated with enlarged adenoids or
tonsils or both. The assumption was that hyper-
trophy of the lymphatic structures of Waldeyer’s
ring caused mouthbreathing and ultimately re-
sulted in a narrow dental arch, a skeletal Class
II malocclusion, and a longer face overall.

lished the relationship between the presence of
adenoid tissue and the following features: retru-
sion of the maxilla and mandible relative to the
cranial base, narrow dental arches, (tendency to)
crossbite, retroclination of the maxillary and
mandibular incisors, short mandibular dental
arches, increased facial height, and a low tongue
position. In a later study, Linder-Aronson?® re-
ported spontaneous realignment of the maxillary
and mandibular incisors following adenoidec-
tomy, suggesting a direct relationship between
the magnitude of adenoid tissue and cranio-

facial form.

Abstract

The specific contribution of enlarged tonsils or adenoids to craniofacial growth remains unknown, and there is no agreement
in the literature as to the significance of lip posture. This study assessed the separate associations of lip posture, sagittal
airway size, and tonsil size with selected cephalometric measures. Clinical and cephalometric data of 207 children who
presented for evaluation of tonsil and/or adenoid problems were evaluated. Multiple linear regression was used to assess
the linear relationship between each of the three parameters and the cephalometric dependent variables. Open lip posture,
reduced sagittal airway, and large tonsils were each associated statistically with a characteristic but different skeletal
configuration. This association was proportional. Specifically, a more open lip posture was associated with a more
backwardly rotated face and larger lower facial height. Reduced sagittal airway size was associated with en bloc backward
relocation of the maxilla and mandible. Because the sella-nasion dimension shortened proportionally, the SNA and SNB
angles were not affected. Larger tonsils were associated with more forward relocation and rotation of the maxilla and
mandible and increased SNA and SNB angles. Because each of the three parameters was associated proportionally with
a different craniofacial morphology, it is concluded that lip posture, sagittal airway size, and tonsil size represent three
different and unrelated phenomena with respect to their effects on craniofacial growth and form.
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Table 1
Cephalometric measures

Cranial base

Anterior cranial base length (mm): sella to nasion (S-N)
Posterior cranial base length (mm): sella to articulare (S-Ar)
Cranial base angle (deg): articulare-sella-nasion (ArSN)

Vertical dimensions

Total anterior face height (mm): nasion to menton (N-Me)

Upper anterior face height (mm): nasion to anterior nasal spine (N-ANS)
Lower anterior face height (mm): anterior nasal spine to menton (ANS-Me)
Upper posterior face height (mm): sella to posterior nasal spine (S-PNS)
Lower posterior face height (mm): articulare to gonion (Ar-Go)
Frankfort horizontal-sella nasion plane angle (deg): (FH-SN)

Frankfort horizontal-palatal plane angle (deg): (FHPP)

Frankfort horizontal-occlusal plane angle (deg): (FHOP)

Frankfort horizontal-mandibular plane angle (deg): (FHMP)

Maxillary dimensions

Articulare to A-point (mm) (Ar-A)

Bony pharynx (mm): articulare to posterior nasal spine (Ar-PNS)
Sella-nasion-A-point angle (deg) (SNA)

Mandibular dimensions
Mandibular length (mm): articulare to gnathion (Ar-Gn)
Corpus length (mm): gonion to pogonion (Go-Pg)
Gonial angle (deg): articulare-gonion-menton (ArGoMe)
Sella-nasion-B-point angle (deg) (SNB)
A-point-nasion-B-point angle (deg) (ANB)

Maxillary dentoalveolar region
Upper incisor edge to palatal plane (mm) (UIE-PP)
Upper incisor to Frankfort horizontal plane (deg) (UI-FH)

Maxillary molar vertical position (mm): upper first molar mesiobuccal
cusp tip to palatal plane (UM-PP)

Maxillary molar horizontal position {mm): upper first molar mesiobuccal
cusp tip to articulare (UM-Ar)

Mandibular dentoalveoiar region

Lower incisor edge to mandibular plane (mm) (LIE-MP)

Mandibular incisor inclination (deg): lower incisor to mandibular plane
(L)-MP)

Mandibular molar vertical position {mm): lower first molar mesiobuccal
cusp tip to mandibular plane (LM-MP)

Mandibular molar horizontal position (mm}: lower first molar mesiobuc-
cal cusp tip to articulare (LM-Ar)

Overjet (mm)
Overbite (mm)
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Similar observations have been noted by other
investigators.*” For example, in children with
enlarged adenoids, the mandibular plane angle
is increased,*® and the tongue occupies a more
downward and forward position in the oral cav-
ity.>” Additionally, the clivus often has a more
forward inclination relative to the cranial base.
Other researchers have noted an enlarged cranial
base angle and a low dorsal arch of the first cer-
vical vertebra in children with enlarged ad-
enoids.® Solow et al.? examined a sample of 24
children before adenoidectomy and found a
large craniocervical angle, increased nasal respi-
ratory resistance, and a decreased size of the pas-
sage between the adenoid tissue and choanae.
Postadenoidectomy, the craniocervical angle was
reduced. A large craniocervical angle has also
been observed in children with enlarged tonsils.”
Only one study™ failed to document any relation-
ship between adenoid tissue size and craniofa-
cial form.

Airway parameters and facial form

Results of studies of the relationship between
airway parameters and facial form are conflict-
ing.**'*17 Some investigators>®* postulated a di-
rect relationship between increased airway
resistance and enlarged adenoid tissue. In these
studies airway resistance was measured indi-
rectly from lateral cephalometric radiographs.
Woodside and coworkers,'? in a sample of 60
children, assessed nasal obstruction by posterior
rhinomanometry immediately preadenoidec-
tomy and 5 years postadenoidectomy. These
workers found that during the 5-year study pe-
riod, mandibular growth was greater in children
who had undergone adenoidectomy than in a
control group; however, there was no difference
in maxillary growth. Conversely, studies com-
paring dentofacial form with breathing patterns
demonstrate inconclusive results.’®'” In one
study, Ung and coworkers 7 found that over a
24-hour period subjects varied in their mode of
breathing. In addition, nasal airway resistance
and nasal power were not correlated with either
dental or skeletal variables.

Lip posture also has been used as a parameter
to assess airway resistance indirectly. The sug-
gestion is that individuals who have a more open
lip posture also have increased nasal airway re-
sistance. Previous studies have demonstrated
that children who have a more open lip posture
also have larger mandibular and palatal plane
angles,’® decreased maxillary growth,” and in-
creased lower anterior face height.? In addition,
there have been reports of an association be-
tween craniocervical posture and airway size,
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but the results of these studies are inconclu-
sive.®# Finally, a review of the literature® failed
to support a relationship between obstructed
nasorespiratory function and long-face syn-
drome, and a recent review of 125 articles con-
cluded that “scientific evidence prompts us to
moderate our clinical expectations...when we
therapeutically attempt to alter a LFS [long face
syndrome] patient’s breathing mode.”*

Studies based on population data have demon-
strated that the volume of the airway can be com-
puted very accurately by means of
three-dimensional CT scans;** however, three-
dimensional norms are not available. In addition,
genetic factors seem to have a considerable in-
fluence on the size of the pharyngeal soft tissue
airway space.? The thickness of the pharyngeal
soft tissue does not follow Scammon’s curve® but
appears to be largest at 5 years and decreases to
10 years.

From the literature reviewed, the nature of the
specific contribution of either enlarged tonsils or
adenoids to craniofacial growth remains un-
known. In addition, there is no agreement in the
literature as to the significance of lip posture in
craniofacial growth and development. This study
assesses the separate association of three param-
eters—lip posture, sagittal airway size, and ton-
sil size—with selected cephalometric measures.

Materials and methods

The sample population was taken from a pre-
vious study of indications for tonsillectomy and
adenoidectomy at the Children’s Hospital of
Pittsburgh.**% The children presented for consid-
eration of tonsillectomy and/or adenoidectomy.
For this study, the final sample of children was
selected based on the following criteria: no his-
tory of tonsillectomy or adenoidectomy; com-
plete clinical records; technically adequate lateral
cephalograms; visibility of the tonsils on lateral
cephalograms; and the absence of respiratory
infections at the time of clinical examination. In
all instances, the gender and age of the children
were known. In addition, cephalograms were
obtained between 1975 and 1984, and only one
cephalogram per child was used. In the end, 207
Caucasian children aged 3 to 13 years were in-
cluded in this study.

Data on lip posture were obtained at the time
of clinical examination. The amount of lip sepa-
ration was evaluated, with the child distracted
or in repose, using a 4-point scale (none=1,
mild=2, moderate=3, severe=4); lip separation
was evaluated only in children who were free of
respiratory infection. Both the sagittal airway

Lips, airway, tonsils, and facial growth

Table 2

study (N=207)

Independent variables for children selected from the Pittsburg

independant variable Range Mean S.D.
Gender (female/male) 44% [ 56%

Age (yrs.) 3-13 7.13 2.00
Lip posture (scale value) 1- 4 2.01 0.90
Sagittal airway size (mm) 0.00-15.20 4.60 2.90
Tonsil size (mm) 5.60 - 22.90 13.90 3.50

size and tonsil size were measured from a lat-
eral cephalogram taken during the same appoint-
ment. Sagittal airway size was measured as the
isthmus between the most superior posterior as-
pect of the upper half of the soft palate to the
closest point on the posterior pharyngeal wall.
This isthmus is smaller when the adenoids are
large, and vice versa.>**32 Tonsil size was mea-
sured as the maximum width of the tonsil
shadow close to the gonial angle and parallel to
the Frankfort horizontal plane.

The lateral cephalometric radiographs were
traced by one investigator (JAM) and checked for
accuracy of landmark determination by another.
The radiographs were then digitized. The spe-
cific dimensions measured in this study are out-
lined in Table 1. Dimensions were chosen
without intentionally being redundant. In order
to facilitate interpretation, the cephalometric
measures are presented in two components: skel-
etal and dental. The skeletal measures are fur-
ther grouped into cranial base, vertical,
maxillary, and mandibular dimensions (Table 1).
Statistical analysis

Means and standard deviations were computed
for each independent variable (Table 2), as well
as Pearson product moment correlation coeffi-
cients, to assess multicollinearity. Individual re-
gression analyses were performed with gender,
age, lip posture, sagittal airway size, and tonsil
size as the independent variables and the cepha-
lometric measures as the dependent variables.
The level of significance was set at o <0.05.
Explanation of regression analysis

The multiple linear regression model weighs,
in multidimensional space, the contribution of
each independent variable to the explained vari-
ance in the dependent variable, after adjusting
for all other independent variables. The model
retains a beta-weight and a significance level for
each independent variable. The beta-weight
gives the change of a given dependent or
cephalometric variable for each unit change of
an independent variable. This change is propor-
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Table 3
Associations of gender, age, lip posture, sagittal airway size,
and tonsil size with selected cephalometric measures
of dentofacial form

Measure Gender Age Lip Sagittal  Tonsil R-
posture airway size size square
Cranial base
S-N (mm) 2.6 0.8 ns 0.3 ns 0.40
S-Ar (mm) 1.7 0.9 ns ns ns 0.36
ArSN (°) ns ns ns ns ns 0.03
Vertical
N-Me (mm) 25 2.6 2.7 ns ns 0.60
N-ANS (mm) ns 1.4 0.5 ns ns 0.55
ANS-Me (mm) 1.9 1.1 2.4 ns -0.2 0.43
S-PNS (mm) 1.5 1.0 ns 0.2 0.1 0.46
Ar-Go (mm) 0.9 0.9 ns 0.2 0.2 0.36
FH-SN (°) ns ns ns ns ns 0.03
FH-PP (°) ns ns 0.7 ns ns 0.04
FH-OP (°) ns ns ns ns ns 0.06
FH-MP (°) ns ns 2.4 -0.3 -0.3 0.28
Maxillary
Ar-A (mm) 3.4 1.1 ns 0.4 0.3 0.44
Ar-PNS (mm) 2.0 0.5 ns 0.2 0.2 0.32
SNA(®) ns -0.3 ns ns 0.1 0.08
Mandibular
Ar-Gn (mm) 2.8 2.2 ns 0.4 0.3 0.56
Go-Pg (mm) 1.5 1.7 ns 0.3 ns 0.49
ArGoMe (°) ns -0.6 1.5 ns ns 0.12
SNB (°) ns ns -0.7 ns 0.2 0.11
ANB (°) ns -0.2 ns ns ns 0.06
Maxillary dentoalveolar
UIE-PP (mm) 1.1 0.8 1.0 ns ns 0.35
UI-FH (°) ns ns ns ns ns 0.18
UM-PP (mm) ns 0.7 0.6 ns ns 0.34
UM-Ar (mm) 2.0 1.5 ns 04 0.2 0.44
Mandibular dentoalveolar
LIE-MP (mm) 1.5 0.9 0.8 ns ns 0.34
LI-MP (°) ns ns -2.6 0.6 ns 0.23
LM-MP (mm) 1.0 0.4 ns ns ns 0.15
LM-Ar (mm) 2.0 1.6 ns 0.4 0.3 0.50
Overjet (mm) ns ns ns ns ns 0.05
Overbite (mm) ns ns ns ns ns 0.10

* Nonstandardized beta-weights
** All values shown were significant at p<=0.05;
ns denotes not significant
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Figure 1

tional. For example, the range for lip posture was
1 for closed lips to 4 for extremely open lips
(Table 2). This range implies that the beta-weight
for a given cephalometric measure in children
with severe open lips was 4 times the beta-
weight for children with closed lips. The range
for sagittal airway size was 0 to 15.2 mm (Table
2). This implies that the beta-weight for a given
cephalometric measure in children with maxi-
mum sagittal airway was 15.2 times the beta-
weight in children with a minimum sagittal
airway. Finally, the range for tonsil size was 5.6
to 22.9 mm. Therefore, the beta-weight for a
given cephalometric measure in children with
maximum tonsil size was 17.3 times the beta-
weight in children with minimum tonsil size.
The significant beta-weights for the parameters
lip posture, sagittal airway size, and tonsil size
were integrated and interpreted as three distinct
morphological forms for each parameter.

Results

Table 2 shows the mean values and ranges for
the demographic and independent variables:
gender, age, lip posture, sagittal airway size, and
tonsil size. Gender breakdown of the sample was
44% female, 56% male. The average age of the
subjects was 7.1 years, with a range of 3 to 13
years. Sagittal airway size ranged from 0.0 to 15.2
mm, and tonsil width ranged from 5.60 to 22.9
mm. Three of the correlation coefficients among
the independent variables were significantly dif-
ferent from zero; however, the magnitudes of
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Figure 2

these differences were small and the effects of
multicollinearity were judged to be small.

Table 3 shows the associations (beta-weights)
between the independent (demographic and
clinical) variables and the various cephalomet-
ric dependent variables together with the respec-
tive coefficients of explained variance (R-square)
as determined by multiple regression analysis.
The median of the explained variances was 0.32.
For 10 of the 34 variables, the explained variance
was more than 0.40. The highest value (0.60) was
noted for total anterior facial height (N-Me).

Results of the analysis for lip posture, sagittal
airway size, and tonsil size are discussed sepa-
rately below. Figures 1 through 3 were con-
structed by calculating the value of each
dependent variable using the mean of values for
each independent variable. These figures pro-
vide an easy visual representation of the differ-
ences among the dependent variables for each of
the three parameters, lip posture, sagittal airway
size, and tonsil size.

Lip posture (Table 3 and Figure 1)
Skeletal

A more open lip posture was associated with
an increase in total facial height (N-Me), lower
anterior facial height {ANS-Me), palatal plane
angle (FH-PP), mandibular plane angle (FH-MP),
and gonial angle (Ar-Go-Me); however, the chin
was more retrognathic (Np-Pg).

Dental

A more open lip posture was associated with

an increase in the vertical position of the maxil-

Figure 3

lary molars and incisors relative to the palatal
plane (UM-PP and Ul-PP) and mandibular inci-
sors relative to the mandibular plane (LIE-MP);
however, there was a decrease in the mandibu-
lar incisor inclination relative to the mandibular
plane (LI-MP).
Sagittal airway size (Table 3 and Figure 2)
Skeletal

An increase in the size of the sagittal airway
was associated with increases in anterior cranial
base length (5-N), posterior facial height (S-PNS
and Ar-Go), midfacial length (Ar-A), bony phar-
ynx (Ar-PNS), mandibular length (Ar-Gn), and
mandibular corpus length (Go-Pg); however,
there was a decrease in the mandibular plane
angle.
Dental

An increase in the size of the sagittal airway
was associated with increases in the distances of
the maxillary and mandibular first molars to
articulare (UM-Ar and LM-Ar) and an increase
in the degree of mandibular incisor proclination
relative to the mandibular plane (L1-MP).
Tonsil size (Table 3 and Figure 3)
Skeletal

An increase in the size of the tonsils was asso-
ciated with increases in posterior facial height (S-
PNS and Ar-Go) and the dimensions
determining the depth of the midface and man-
dible (Ar-A, Ar-PNS, SNA, Ar-Gn, and SNB);
however, there was a decrease in lower anterior
facial height (ANS-Me) and the mandibular
plane angle (FH-MP).

The Angle Orthodontist

Figure 1

Open lip posture was
associated with fea-
tures seen in the char-
acteristic backward-
rotating growth pat-
tern, a retrognathic
face, and enlarged
lower facial height.
This figure is made by
incorporating the sig-
nificant mean differ-
ences for lip posturein
an arbitrarily chosen
tracing and provides a
general picture rather
than a quantitative rep-
resentation of the data.

Figure 2

The skeletal pattern
associated with a re-
duced sagittal airway
(or larger adenoids)
was characterized by
features of less hori-
zontal growth of the
whole face. This figure
is made by incorporat-
ing the significant
mean differences for
the sagittal airway in
an arbitrarily chosen
tracing and provides a
general picture rather
than a quantitative rep-
resentation of the data.

Figure 3

The skeletal pattern
associated with larger
tonsils was character-
ized by increased pos-
terior but decreased
lower anterior facial
height, and a prog-
nathic face. These fea-
tures suggest more
horizontal growth. This
figure is made by in-
corporating the signifi-
cant mean differences
for tonsils in an arbi-
trarily chosen tracing
and provides a general
picture rather than a
quantitative represen-
tation of the data.
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Dental

An increase in the size of the tonsils was asso-
ciated with an increase in the dimensions of the
maxillary and mandibular first molar horizon-
tal positions (UM-Ar and LM-Ar).

Discussion

To our knowledge, this study is unique in that
it is the first attempt to separate the associations
of craniofacial morphology among the param-
eters of lip posture, sagittal airway size, and ton-
sil size. The results of this study demonstrate that
these three parameters are associated with coher-
ent but different skeletal configurations and sug-
gest facial skeletal adaptations to specific
environmental stimuli.

The significant beta-weights can be interpreted
as the amount of change in a dependent variable
relative to each unit change in an independent
variable. For example, consider the beta-weights
for the bony pharynx (Ar-PNS, Table 3). The ex-
plained variance for this dependent variable was
44%. On average in this study population, the
bony pharynx was 2.0 mm larger in males than
in females (females were coded as zero, males
were coded as one), and there was an estimated
increase in the size of the bony pharynx of 0.5
mm per year of age (the unit value equals years).
For each millimeter increase in sagittal airway
size and tonsil size, the bony pharynx was larger
by 0.2 mm; however, there was no association
between lip posture and the size of the bony
pharynx. Notably, in this study the magnitude
of the associations among the size of the bony
pharynx, gender (2 mm), and growth (0.5 mm/
yr.) are comparable with the values reported in
the literature.®

The skeletal pattern associated with lip posture
(Table 3 and Figure 1) appeared unrelated to that
associated with both sagittal airway size and ton-
sil size. A more open lip posture was associated
with a downward and backward rotation of the
maxilla and mandible, a more obtuse gonial
angle, a retruded mandible with retroclined in-
cisors, extruded maxillary molars and maxillary
and mandibular incisors, and an elongated total
facial height caused mainly by a larger lower
anterior facial height. These features of a more
open lip posture were indicative of a backward
rotating growth pattern.

The skeletal pattern associated with sagittal air-
way size (Table 3 and Figure 2) must be inter-
preted differently. Clinically, a zero value for
sagittal airway size represents an abnormal con-

Vol. 67 No. 6 1997

dition, while a large value is more representa-
tive of a normal condition. Thus, the skeletal pat-
tern associated with the more abnormal
condition of reduction in sagittal airway size due
to enlarged adenoids was characterized by an en
bloc backward rotation of the maxilla and man-
dible (including the dental arches) relative to the
cranijal base and by a shorter mandibular body.
The sella-nasion dimension varied proportion-
ally such that the SNA and SNB angles were not
affected. Also, anterior cranial base rotated in a
similar manner.

The skeletal pattern associated with greater ton-
sil size (Table 4 and Figure 3) appeared to be the
opposite, in many respects, of the pattern asso-
ciated with a reduction in sagittal airway size.
Larger tonsil size was characterized by a forward
relocation of the maxilla and mandible relative
to the cranial base, and by a wider bony phar-
ynx. Because the sella-nasion dimension was not
enlarged, the SNA and SNB angles were larger.
Thus, a characteristic for both sagittal airway and
tonsil size was a coherent pattern of maxillary
and mandibular relocation relative to the cranial
base; however, these relocations occurred in op-
posite directions.

Finally, two important caveats must be noted
concerning our findings and the conclusions they
suggest. First, a cephalogram produces a two-di-
mensional image of the convoluted and anatomi-
cally irregular three-dimensional nasal airway
morphology.®? Second, the children we studied
constituted a selected population of severely af-
fected patients. Accordingly, our findings must
be viewed as approximations and our conclu-
sions tentative. Also, these findings must be con-
sidered specific to the population studied and
not necessarily generalizable to other groups of
children.

Conclusions

This study suggests specific but different cran-
iofacial morphological associations for lip pos-
ture, sagittal airway, and tonsils.
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