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Validity of upper airway assessment in children

A clinical, cephalometric, and MRI study

Kirsi Pirilä-Parkkinena; Heikki Löppönenb; Peter Nieminenc; Uolevi Tolonend; Eija Pääkköe;
Pertti Pirttiniemif

ABSTRACT
Objective: To test the hypothesis that the capability of two-dimensional lateral cephalogram in
recognizing pharyngeal obstruction is poor compared with the capability of three-dimensional
magnetic resonance imaging (MRI) and clinical observation of tonsillar size.
Materials and Methods: The study participants were 36 prepubertal children (19 male, 17 female;
mean age 7.3 6 1.43 years, range 4.8–9.8 years) with sleep-disordered breathing diagnosed by
nocturnal polygraphy. Pharyngeal airway was imaged with a low-field open-configuration MRI
scanner. Tonsillar size was clinically determined and lateral skull radiographs were taken and
measured. Pearson correlation coefficients were calculated between the clinical, cephalometric,
and MRI variables.
Results: Nasopharyngeal and retropalatal cephalometric variables had a significant positive
correlation with the MRI findings. Both techniques showed the narrowest measurement to be
located in the retropalatal region. Clinical assessment of tonsillar size correlated inversely with MRI
findings such as minimal retropalatal cross-sectional airway area (P 5 .000), minimal retroglossal
cross-sectional airway area (P 5 .015), and intertonsillar airway width (P 5 .000). Cephalometric
soft palate and tonsillar area correlated with clinical tonsillar size (P 5 .001).
Conclusions: The hypothesis is rejected. The findings confirm that the lateral cephalogram is a
valid method for measuring dimensions of the nasopharyngeal and retropalatal region. When
evaluating oropharyngeal size, clinical assessment of tonsillar size is a relatively reliable method.
(Angle Orthod. 2011;81:433–439.)
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INTRODUCTION

Upper airway size and resistance have been items
of interest in orthodontics since several studies have

indicated that impaired nasal breathing may be
associated with unfavorable dentofacial growth in
children.1–3 During the past two decades, there has
been a growing awareness of the deleterious effects of
pediatric obstructive sleep-disordered breathing (SDB)
on the general and craniofacial development in
children.4 Childhood obstructive SDB refers to the
spectrum of nocturnal breathing disorders character-
ized by prolonged increased upper airway resistance
and partial or complete upper airway obstruction.5

Obstructive sleep apnea (OSA), obstructive hypopnea,
upper airway resistance syndrome (UARS), and
snoring represent a continuum of sleep-related breath-
ing disorders.5

The methods for evaluating pharyngeal patency in
orthodontic practices are limited. Lateral cephalometric
radiograph is a conventional orthodontic method used
for determining craniofacial morphology and possible
airway obstruction. Because of its two-dimensional
nature and inability to provide volumetric data, lateral
cephalogram has limitations when evaluating three-
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dimensional upper airway structure.6,7 Thus, the
reliability of anteroposterior oropharyngeal airway
evaluation on lateral cephalogram can be expected
to be poor. Recently, the magnetic resonance imaging
(MRI) technique has been increasingly utilized to
identify and quantify pharyngeal size as a risk factor
for OSA, since it permits accurate three-dimensional
measurement of the airway.8

The purpose of this study was to test the validity of
two-dimensional cephalometric evaluation of the phar-
ynx as compared with three-dimensional upper airway
MRI in children with SDB. In addition, we tested the
association of cephalometric and MRI findings with the
clinical grading of tonsillar size. The null hypothesis
was that cephalometric pharyngeal airway assessment
would not correlate strongly with clinical or MRI
findings.

MATERIALS AND METHODS

Subjects

The study protocol was approved by the Ethics
Committee of Oulu University Hospital, Finland. An
informed written consent was obtained from the
parents before the subjects entered the study.

The study population consisted of 36 consecutive
prepubertal Finnish children (19 boys, 17 girls, mean
age 7.3 years, standard deviation 1.43, range 4.8–
9.8 years) who participated in a larger project under-
taken to investigate the influence of obstructed sleep on
dentofacial development at Oulu University Hospital
during the years 2000–2002. Inclusion criteria were
good general health, normal weight, and no previous
orthodontic treatment. Children with known upper
airway anomalies, abnormal development, chronic
infections, asthma or perennial allergy were excluded.
All examined children were diagnosed as having SDB
by overnight polygraphy.9 Ten children had mild OSA
and nine were found to have UARS. The rest of the
children had snoring symptoms without clinically signif-
icant apneas, hypopneas, or features of UARS.

MRI Procedures

The children were imaged with a low-field 0.23T
open-configuration MRI scanner (Philips Outlook Pro-
view, Philips Medical Systems MR Technologies Fin-
land, Vantaa, Finland). Images were acquired with a
standard, commercially available head coil. During the
scanning, the subjects were accompanied by a parent.
The children were awake and remained in the supine
position during the examination.

Contiguous sagittal T1-weighted 3D gradient echo
MR images (repetition time [TR] 5 24 ms, echo time
[TE] 5 9 ms, 250 3 250 matrix, field of view [FOV] 5

249 mm, 3-mm slice thickness) were acquired cen-
tered about the midsagittal plane through the long axis
of the airway. Axial sections (TR 5 24 ms, TE 5 9 ms,
250 3 250 matrix, FOV 5 249 mm, 4-mm slice
thickness, imaging time 5 4 min) of the pharynx were
gathered perpendicularly to the tangent of the posterior
pharyngeal wall spanning from the top of the naso-
pharynx to the epiglottis.

The image sets were reviewed and traced manually
at a workstation (RadWorks 5.1 software (Applicare
Medical Imaging BV, Zeist, Netherlands) by the same
investigator. The following airway area variables were
registered from MR axial images: (1) the minimal
nasopharyngeal cross-sectional airway area (NPCA;
mm2); (2) the minimal retropalatal cross-sectional
airway area (RPCA; mm2); (3) the minimal retroglossal
cross-sectional airway area (RGCA; mm2); and (4)
cross-section of the airway area at the level of the
epiglottis (ECA; mm2). The cross-sectional airway area
was registered in all oropharyngeal slices. The volume
of the oropharynx (OPV; mm3) was measured by using
the cross-sectional area of each oropharyngeal axial
slice and multiplying the cross-sectional area by the
slice thickness (4 mm) in order to obtain a volume for
each slice. The regional oropharyngeal volume was
calculated as a sum of the volume measures of each
sequential slice. In addition, minimal intertonsillar
airway width (mm) was measured.

Cephalometry

The lateral radiographs were taken in a Cephalix
cephalostat (Tagarno AS, Horsens, Denmark). The
magnification error was corrected for pharyngeal
measurements. The cephalograms were taken with
the subjects standing, the head fixed in the cephalostat
with ear-rods and support on the forehead, the teeth in
the maximum intercuspal position, and the head in
natural position.

The cephalometric variables used for the description
of nasopharyngeal and oropharyngeal airways1,10 are
presented in Figure 1 and listed in Table 1. Cephalo-
grams were measured manually by the same investi-
gator (Dr Pirilä-Parkkinen). Nasopharyngeal, oropha-
ryngeal, and soft tissue areas were traced, digitalized,
and analyzed by the ImageJ program (Image process-
ing and analysis in Java).

Clinical Assessment of Tonsillar Size

Clinical examination was carried out in the Depart-
ment of Otorhinolaryngology by the same investigator.
The tonsils were graded on a scale of 1 to 4.11 Grade 1
tonsils remain within the tonsillar fossa, grade 2 tonsils
do not reach the midline between the anterior faucial
pillar and the uvula, grade 3 tonsils extend medially
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from the midline, and grade 4 tonsils have a maximum
distance of 4 mm between them. The size of both right
and left tonsil was registered separately, but a single
score was used to express tonsillar size in order to
simplify statistical analysis. The score of the larger
tonsil was used when asymmetric expression of the
tonsils existed (in 17% of the cases).

Data Analysis

Descriptive statistics, including means and 95%
confidence intervals, were computed for each variable.
Pearson correlation coefficients were calculated be-
tween the clinical, cephalometric, and MRI variables. P
values of # .05 were considered statistically significant.

In order to calculate the error of method, MRI scans
and cephalograms of 10 randomly selected children
were traced and measured twice, with a 2-week interval
between the measurements. The intraclass correlation
coefficient values varied from 0.923 to 0.975 for MRI
area measurements, from 0.933 to 0.998 for MRI linear
measurements, from 0.973 to 0.993 for cephalometric
linear measurements, and from 0.856 to 0.892 for
cephalometric area measurements.

RESULTS

Descriptive statistics for cephalometric and MRI
pharyngeal variables are given in Figure 2.

Correlations Between Cephalometric and
MRI Measurements

Nasopharyngeal cephalometric measurements
showed significant correlations with MRI measure-
ments. The nasopharyngeal variable PNS–ad1
showed a significant positive correlation with the min-
imal NPCA (r 5 0.49; P 5 .002). Also, the PNS–ad2
measurement had a significant positive correlation
with NPCA (r 5 0.43; P 5 .009). NPA also correlated
with NPCA (r 5 0.44; P 5 .007). Of the oropharyngeal
cephalometric variables, ve1–ve2 correlated positively
with NPCA (r 5 0.41; P 5 .012), and u1–u2 correlated
positively with minimal RPCA (r 5 .40; P 5 .017).
Cephalometric sagittal soft tissue area correlated
negatively with intertonsillar airway width (r 5 20.38;
P 5 .02). Cephalometric soft tissue area also
correlated with six consecutive oropharyngeal cross-
sectional area slices (MRI): slice 22 (r 5 20.34; P 5

Figure 1. (A) Midsagittal MRI from a representative child with adenotonsillar hypertrophy and diagnosed OSA. Selected axial scans in (B)

retropalatal and (C) retroglossal regions at the level of tonsils from the same subject. Arrows show anteroposterior narrowing of the (B)

retropalatal airway and transversal narrowing of the (C) retroglossal airway due to enlarged tonsils. (D) Lateral radiograph of the same child. (E)

Schematic presentation of the pharyngeal airway presents the cephalometric variables measured. Definitions of abbreviations are given in

Table 1.
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.043), slice 21 (r 5 20.39; P 5 .020), slice 0 (r 5

20.33; P 5 .048), slice 1 (r 5 20.43; P 5 .009), slice 2
(r 5 20.38; P 5 0.021), and slice 3 (r 5 20.38; P 5

.027), where slice number 0 represents the tip of the
uvula, and negative and positive slice numbers
represent retropalatal and retroglossal measurements,
respectively.

Correlations Between Clinical Tonsillar Grading
and MRI Measurements

Grade 4 tonsils were observed in 25.0%, grade 3
tonsils in 47.2%, grade 2 tonsils in 13.9%, and grade 1
tonsils in 13.9% of the examined children. Clinical
assessment of tonsillar size correlated well with MRI
measurements. Tonsillar size correlated negatively
with minimal RPCA (r 5 20.66; P 5 .000), minimal
RGCA (r 5 20.40; P 5 .015), and intertonsillar airway

width (r 5 20.55; P 5 .000) (Figure 3). Tonsillar size
also correlated negatively with five consecutive oro-
pharyngeal cross-sectional area slices: slice 21 (r 5

20.60; P 5 .000), slice 0 (r 5 20.63; P 5 .000), slice 1
(r5 20.56; P 5 .000), slice 2 (r 5 0.52; P 5 .001), and
slice 3 (r 5 20.41; P 5 .017), where slice number 0
represents the tip of the uvula, and negative and
positive slice numbers represent retropalatal and
retroglossal measurements, respectively. Tonsillar
size did not correlate with oropharyngeal volume.

Correlations Between Cephalometric
Measurements and Clinical Tonsillar Grading

Cephalometric airway variables did not correlate
with clinical tonsillar size. Cephalometric cross-sec-
tional soft tissue area correlated significantly with
clinical tonsillar size (r 5 0.51; P 5 .001).

Table 1. Upper Airway Variables Studied

Variable Definition

Cephalometric variables

Linear, mm

PNS–ad1 Distance from the most posterior point of the bony hard palate (PNS) to the nearest adenoid tissue

measured along the line PNS-basion (the most inferoposterior point in the midsagittal plane on the

anterior rim of the foramen magnum)

PNS–ad2 Distance from PNS to the nearest adenoid tissue measured along the line through PNS perpendicular

to the sella-basion line (line from the central point of sella turcica to basion)

ve1–ve2 Minimal distance from the velum palatine to the posterior pharyngeal wall measured perpendicularly

to the direction of the airway

u1–u2 Airway space on a line from the tip of the uvula to the posterior pharyngeal wall measured

perpendicularly to the direction of the airway

rl1–rl2 Minimal distance from the radix linguae (base of the tongue) to the posterior pharyngeal wall

measured perpendicularly to the direction of the airway

va1–va2 Distance from the vallecula epiglottis to the posterior pharyngeal wall measured perpendicularly to the

direction of the airway

Area, mm2

NPA Sagittal nasopharyngeal airway; the area outlined inferiorly by a line from PNS to the posterior

pharyngeal wall, and the posteriorly pharyngeal wall or adenoid tissue

OPA Sagittal oropharyngeal area: the area outlined by the inferior border of the nasopharynx, the posterior

surface of the soft palate and tongue, a line from the vallecula epiglottis to the posterior pharyngeal

wall, and the posterior pharyngeal wall

Soft tissue area Sagittal cross-sectional area of soft palate and possible tonsils in mid-sagittal plane. The area

confined by the outline of the soft palate that starts and ends at PNS through the tip of the uvula or

around tonsils

MR imaging variables

Linear, mm

Intertonsillar airway width Minimal airway width at the level of tonsils

Area, mm2

NPCA Minimal cross-sectional airway area in nasopharynx

RPCA Minimal cross-sectional retropalatal airway area

RGCA Minimal cross-sectional retroglossal airway area

ECA Cross-sectional airway area in the level of epiglottis

Volume, mm3

OPV Oropharyngeal volume

Clinical variables

Size of the tonsils Graded on a scale of 1 to 4
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Figure 2. Means and 95% confidence intervals for (a) cephalometric

linear airway measurements (mm), (b) MRI minimal cross-sectional

airway area measurements (mm2), and (c) consecutive oropharyn-

geal MRI measurements (mm2) in children with SDB (n 5 36). Slice

number 0 represents the tip of the uvula; negative slice numbers,

retropalatal measures; and positive slice numbers, retroglossal

measures.

Figure 3. Interrelationships of clinical tonsillar size (grade 1–4) and

(a) minimal RPCA (mm2), (b) minimal RGCA (mm2), and (c)

intertonsillar airway width (mm). Each box plot represents the

median and 25th and 75th percentile. The significances were tested

by Pearson correlation.
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DISCUSSION

The results of the present study showed an
association between the cephalometric nasopharyn-
geal and retropalatal airway measurements and MRI
findings in children with SDB. Both methods also
showed the narrowest measurement to be located in
the retropalatal airway space. The most common
cause for pediatric SDB is adenotonsillar hypertro-
phy.12 Adenoid tissue locates on the posterior naso-
pharyngeal wall and may also extend to the retro-
palatal region. Thus, enlarged adenoid tissue causes
anteroposterior reduction in the nasopharyngeal and
retropalatal airway, which may explain the correlation
with cephalometric linear measurements. Large tonsils
may also have an effect on anteroposterior retropalatal
airway dimension, especially near the tip of the uvula.
Retroglossal pharyngeal measurements, however, did
not correlate with MRI variables. Palatal tonsils mainly
situate in the retroglossal region. Because of their
lateral position, enlarged tonsils cause transversal
narrowing of the retroglossal airway, which is not
detectable in the anteroposterior view of the cephalo-
gram. However, the size of the tonsils, as judged by
clinical observation, correlated significantly with MR
imaging measurements and also with the cephalomet-
ric soft tissue area.

The validity of lateral radiograph in diagnosing
enlarged adenoids and obstructed nasopharynx has
been systematically reviewed.13 It has been suggested
that cephalogram appears to be a useful tool in
diagnosing adenoid size rather than nasopharyngeal
airway size. Many previous studies, however, have
used subjectively graded adenoid sizes or adenoid
volumes removed at surgery as gold standards to
which cephalometric measurements have been com-
pared.14–17 The development of SDB depends more on
a decreased upper airway size than on the absolute
size of the lymphoid tissue.18 For this reason the actual
size of pharyngeal airway should be used as a gold
standard comparison when evaluating methods for
diagnosing obstructed airways.

Posture has a significant effect on pharyngeal size.
In the supine position, the oropharyngeal airway
decreases while the thickness of both the tongue and
soft palate increases due to either gravitational force or
changes in upper airway reflexes, which may predis-
pose to increased collapsibility of the upper airway.19,20

The nasopharynx is surrounded by bony structures,
whereas the oropharyngeal airway is surrounded by
soft tissues,21 which probably explains why the
oropharynx is more predisposed to external factors
such as posture. A supine MRI thus provides more
physiologic information since it is obtained in the usual
sleeping posture. A conventional cephalogram, on the

other hand, is obtained in the upright natural standing
head position. However, postural effect most likely
explains why retroglossal variables were not found to
be correlating here.

MRI scans were performed with the subjects awake,
but they were able to remain still during the scanning,
since an open-configuration scanner is more comfort-
able for children than a standard cylindrical closed-
bore scanner. Because of the dynamic changes during
the scanning, MRI measurements represent the
relative values for the pharyngeal size. Despite lower
image quality when compared with high-field units,
volumetric analysis of the air spaces was feasible due
to high contrast differences between air and soft
tissues. On the other hand, only T1-weighted images
were obtained, which did not allow differentiation of
different soft tissues. Volumetric analysis of lymphoid
tissue could therefore not be achieved.

The results of this study showed that clinically
graded tonsillar sizes correlated inversely with retro-
palatal and retroglossal minimal MRI airway measure-
ments. In a previous study, no correlation was found
between clinically determined tonsillar size and MRI
findings during sleep in children with SDB.22 Tonsillar
size was not found to be correlated with oropharyngeal
volume in the present study. This may be explained by
compensatory increase in oropharyngeal length. Pha-
ryngeal length has been shown to elongate in apneic
adults when changing their body position from upright
to supine.23

We were not able to have an appropriate control
group composed of children with a total absence of
upper airway-related problems, since for ethical
reasons radiographs cannot be taken from nonsymp-
tomatic children. Previously, SDB children have been
shown to have narrower pharyngeal airways compared
with nonobstructed children during wakefulness.24–26

Childhood SDB is a relatively common disorder. Its
estimated prevalence has varied in the range of 5% to
12%.27 The dental profession may have an important
role in the early recognition of pediatric SDB because
of its potential orthodontic consequences.28,29 The
children with structural narrowing of the pharyngeal
airway and history of sleep or breathing difficulties are
at high risk and should be referred for consultation and
possible overnight sleep registration.

CONCLUSIONS

N Using MRI airway measurements as a gold standard,
the findings of this study suggest that the lateral
radiograph is a useful screening tool when evaluating
nasopharyngeal or retropalatal airway size.

N Lateral radiographs should not be used, however, as
a diagnostic tool, since much of the retroglossal
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oropharyngeal information is missing from the
anteroposterior two-dimensional view.

N Clinical inspection of oropharynx and tonsillar size is
a relatively reliable method, when oropharyngeal
airway size is examined.
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