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ABSTRACT: This study addressed the question of whether there are any differ-
ences in the size and collapsibility of the upper airway measured by digital fluo-
roscopy, between snorers and controls whilst they were awake and breathing normally;
and whether there are any correlations between these measurements and other clini-
cal data.

The dynamic changes of the upper airway size were evaluated using digital fluoro-
scopy in 33 patients and 16 normal controls. The measurements were compared
with findings in an overnight sleep study, including a static-charge-sensitive bed
(SCSB) and oximeter recordings.

The minimum anteroposterior dimension at the velopharyngeal level was smaller
in patients with partial upper airway obstruction than in controls (p<0.005); patients
with complete obstruction did not differ from the controls. The velopharyngeal air-
ways were also more collapsible in patients with severe partial obstruction (p<0.01)
than in controls. At the oropharyngeal and hypopharyngeal levels, the dimensions
and the collapsibilities were similar in patients and controls. The velopharyngeal
collapsibility correlated with body mass index (p<0.001), whereas the airway size
did not. The velopharyngeal collapsibility was more pronounced in patients with
frequent episodes of arterial oxyhaemoglobin desaturation during sleep.

Velopharyngeal collapsibility associated with high body mass index was the impor-
tant determinant of nocturnal breathing disturbances. Digital fluoroscopy displays
the dynamic changes of the upper airways throughout the respiratory cycle.
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Snoring is defined as sounds made by vibrations in the
soft palate and posterior faucial pillars during sleep. Heavy
snoring is a result of sleep-related upper airway narrow-
ing, which leads to respiratory flow limitation and increased
respiratory effort. Strong inspiratory suction may, secon-
darily, cause a total upper airway collapse, causing an
episode of obstructive sleep apnoea (OSA). If untreated,
heavy snoring may be complicated by excessive daytime
sleepiness or increased blood pressure.

Obesity is a considerable risk factor for snoring with
and without OSA. Both functional and anatomical fac-
tors are involved in the pathophysiology of upper air-
way obstruction [1, 2]. Various techniques which range
from direct visual inspection to sophisticated imaging,
have been used to evaluate the structural and functional
properties of the upper airway [2]. Cephalometric roent-
genograms demonstrate the skeletal and soft tissue struct-
ures of the upper airway. Using this technique, mandibular
deficiency, elongation of the soft palate (and uvula), nar-
rowed posterior airway space and an inferiorly position-
ed hyoid bone have been shown to be frequent in patients
with OSA [3–8]. Snorers with and without OSA may
have a narrower pharynx during sleep as well as during
wakefulness, although the results of previous studies of
upper airway size are conflicting [9–18].

Snorers with and without OSA have a more collapsi-
ble pharyngeal airway than nonsnorers. Although the
reason for this increased collapsibility is unclear, it has
been suggested that the increase of upper airway collap-
sibility plays a key role in the aggravation of snoring
and OSA [1, 19, 20]. In prior studies into upper airway
collapsibility, negative or positive pressures were applied
to the upper airway which would upset normal physio-
logical conditions [19, 21–28]. Dynamic upper airway
imaging using ultrafast computed tomography (CT) has
demonstrated that the upper airways of snorers with and
without OSA are more collapsible than the upper air-
ways of nonsnorers, even during awake respiration [9,
10]. However, this sophisticated imaging modality is not
yet widely available. The cost is high, and only trans-
verse images can be obtained.

We developed the digital fluoroscopy technique dur-
ing awake respiration in order to measure the size and
collapsibility of the pharyngeal airway. The goal of our
study is to give a clue to elucidating the pathogenesis of
snoring and OSA, in particular to answering the ques-
tion why obesity is the major risk factor of snoring and
OSA. The digital fluoroscopy results in the patients and
controls were compared with the overnight sleep study
and body mass index (BMI).



Materials and methods

Subjects

Thirty males and 3 females were included in the study
(average age 48 yrs, range 29–63 yrs). Subjectively, all
patients suffered from excessive sleepiness. They had
all undergone sleep study and had been referred for oto-
rhinolaryngological evaluation and possible operative
treatment. An otorhinolaryngological examination was
made by the same consultant specialist (JA), and it was
ensured that no patient had an obstruction in nasal cavi-
ty on inspection. Their nocturnal motor activity, heart beat
and breathing patterns were monitored with a static-
charge-sensitive bed (SCSB, Biomat®; Biorec, Turku,
Finland) together with an ear oximeter (Biox II; the BOC
Group Inc., Louisville, CO, USA). During the daytime,
when the patients were awake, the upper airways were
examined using digital fluoroscopy (Advantx DX, GE).

The controls, including 12 males and 4 females (aver-
age age 38 yrs, range 28–74 yrs), who had never snored
or had symptoms or signs compatible with heavy snor-
ing or OSA, were also examined using digital fluoroscopy.
They were all married, and their sleeping partners could
give assurance that the controls were nonsnorers.

All subjects gave their informed consent to the study
protocol, which had been approved by the Ethics Commit-
tee of Turku University Hospital.

SCSB recordings

The static-charge-sensitive bed (SCSB) is a noninva-
sive method for cardiorespiratory monitoring [29–34].
Body movement, respiratory movement and the heart beat
(ballistocardiogram; BCG) can be obtained from the ori-
ginal signal. Not only episodes of apnoea or hypopnoea
but also increased upper airway resistance (partial airway
obstruction) without apnoea can be detected indirectly
by the SCSB [34]. The validity of the SCSB signal as a
marker of snoring-related dynamic changes has been test-
ed and reported in previous articles [29–34].

The SCSB recordings were visually analysed by one
of the authors (OP), who was not aware of the digital
fluoroscopy findings, according to previously described
criteria [31–34]. The 3 min episodes of various periodic
breathing patterns (P-1, OP-1, OP-2, and OP-3) or the
continuously increased respiratory resistance (IRR) pat-
tern were distinguished and quantified as percentage of
time in bed. A 3 minute with symmetrically waxing and
waning periodic breathing was scored P-1 (Periodic
Breathing type-1), if the hyperpnoeic phase was not asso-
ciated with significantly increased respiratory variation
of the BCG (spiky BCG). If the BCG spikes were pre-
sent, the epoch was scored OP-1 (Obstructive Periodic
Breathing type-1). OP-2 (Obstructive Periodic Breathing
type-2) was scored if a body movement occurred im-
mediately after the resumption of the breathing efforts,
and OP-3 (Obstructive Periodic Breathing type-3), if the
movement arousal occurred only after a period of increas-
ing breathing efforts with associated spiky BCG. The
IRR pattern was defined as increasing amplitude of respi-
ratory movement associated with increasing respiratory

variation of the BCG, lasting for at least 1 min. The P-1
and OP-1 imply two different types of periodic hypop-
noeas, whereas OP-2 and OP-3 patterns essentially cor-
respond to periodically occurring episodes of obstructive
sleep apnoea. The IRR pattern implies breathing with in-
creased effort as a response to partially narrowed upper
airways.

For the purpose of the study, the P-1, OP-1 and IRR
patterns were combined and defined as episodes of par-
tial upper airway obstruction (PO), whereas the OP-2
and OP-3 patterns combined were considered to indicate
complete upper airway obstruction (CO) [31]. The sub-
jects were divided into the following groups on the basis
of the presence of snore and the findings in the SCSB
recording: 1) controls, with no history of snoring or sleep
disorder; 2) patients with minor partial obstruction (the
frequency of PO less than 30% and CO less than 10%
of time in bed); 3) patients with major partial obstruc-
tion (the frequency of PO equal to or more than 30%
and CO less than 10% of time in bed); and 4) patients
with complete obstruction (the frequency of CO equal
to or more than 10% of time in bed).

Arterial oxyhaemoglobin saturation

Arterial oxyhaemoglobin saturation was monitored
continuously during the night. Respiratory events with
desaturation of 4% or more were considered, and the
oxyhaemoglobin desaturation index (ODI4) was defined
as the average number of such desaturations per record-
ing hour. The fluoroscopic findings were also compared
between two groups of patients using the ODI4 = 10 as
cut-off point.

Digital fluoroscopy

Digital fluoroscopy was performed while the subject
was awake, lying in supine position (figs. 1 and 2). The
neck was placed in a neutral position, without a pillow.
The subject was instructed to gently place the tip of his
or her tongue behind the front teeth, whilst breathing
normally through the nose without swallowing. The lat-
eral fluoroscopic view was monitored over the course of
two or three respiratory cycles, with 6,3 images·s-1. The
field ranged from the inferior border of the orbit to the
vocal cords. A radio-opaque scale was placed just below
the patient's jaw at the midline.

Analysis of the digital fluoroscopies was carefully per-
formed by one of the authors (YT), who was not aware
of the SCSB recording findings, on a monitor display
with pre-existing software for distance measurement.

The two images that showed the minimum and maxi-
mum anteroposterior airway dimensions (ADmin and
ADmax, respectively) were visually selected, and ADmin
(mm) and ADmax (mm) were determined at three levels:
1) the narrowest part of the velopharynx (this part was
always just above the lower tip of the uvula); 2) the nar-
rowest part of the oropharynx between the lower tip of
the uvula and the upper tip of the epiglottis; and 3) the
narrowest part of the hypopharynx (this part was always
just below the upper tip of the epiglottis).

Because the upper airways moved synchronously at
all levels, ADmin and ADmax at each anatomical level
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were measured from the same minimum and maximum
images. The digital subtraction technique was used to de-
termine the images with ADmin and ADmax (figs 1 and
2), and to ensure that there was no head movement dur-
ing examination. Collapsibility was defined as dynamic
change of the airway dimension over the breathing cycle
and calculated as ((ADmax - ADmin)/ADmax) × 100 (%).

When ADmax was zero, collapsibility was defined as 0%.
To match for body size, the anteroposterior dimension
of the second cervical vertebral body was measured at
its caudal border, and the relative ADmin and ADmax
were calculated.

Statistical analysis

Analysis of variance (ANOVA) followed by Bonferroni
t-test was used to study the differences between the four
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a)

Fig. 1.  –  Digital fluoroscopy of the upper airway of a snorer; a) mini-
mum image; b) subtraction image (maximum image - minimum image).
This patient has a relatively large collapsibility at the velopharyngeal
level (arrow). ADmin and ADmax were measured on the minimum and
maximum images, respectively, although a subtraction image may be
useful for selecting the minimum and maximum images from a series
of fluoroscopic images. ADmin: minimum airway diameter; ADmax:
maximum airway diameter.

a)

b)

Fig. 2.  –  Digital fluoroscopy of the upper airway of a nonsnorer; a)
minimum image; b) subtraction image (maximum image - minimum
image). The upper airway of this subject moves little.

b)



groups divided by the findings in the SCSB recording.
The results of ODI4 were analyzed by ANOVA between
controls and patients with ODI4 <10 and ODI4 ≥10. Lin-
ear regression analysis was also performed. A p-value
less than 0.05 was considered significant.

Results

The demographic data of the subjects are summarized
in table 1. The patients were more obese and older than
the controls. According to SCSB recordings, 20 patients
had minor partial obstruction (minor PO), seven pre-
sented with major partial obstruction (major PO), and in
six patients the predominant breathing abnormality was
complete upper airway obstruction (CO).

The ODI4 was <10 in 23 patients and ≥10 in the remain-
ing 10. ODI4 correlated with BMI (r=0.47; p<0.01) and
with the frequency of CO episodes (r=0.83; p<0.001), but
not with the episodes of PO. The ODI4 was larger in
patients with CO (26.6±19.0) compared with the minor
PO (4.2±3.4) (p<0.05) or major PO (6.9±7.4) (p<0.03),
but no difference was observed between the minor and
major PO.

In one patient, the hypopharyngeal measurements were
excluded because of poor image quality.

Upper airway size

The anterior walls of the pharynx (the posterior wall
of the soft palate, tongue base and the posterior wall of
the epiglottis) were usually moving during breathing;
whereas, the posterior pharyngeal wall remained stable.
ADmin occurred during inspiration and ADmax occurred
during expiration. At the velopharyngeal level, the rela-
tive ADmin was smaller in patients with minor or major
PO compared with controls (p<0.005) (fig. 3a). The rel-
ative ADmax was smaller in patients with major PO than
controls (p<0.01) (fig. 3b). 

The relative ADmin at the velopharyngeal level was sim-
ilar in patients with ODI4 <10 and ODI4 ≥10 but small-
er than controls (p<0.003) (fig. 4).

At the oropharyngeal and hypopharyngeal levels, the
relative ADmin and ADmax were similar in controls and
patients, although the hypopharyngeal ADmin was larger
in patients with CO than patients with minor and major
PO combined (p<0.03) (fig. 3a).

BMI had no correlation to either ADmin or ADmax at
any level.

Collapsibility 

At the velopharyngeal level, the airway was more col-
lapsible in patients with major PO than controls (p<0.01)
(fig. 5). The collapsibility was increased in the patients
with ODI4 ≥10 compared with those with ODI4 <10
(p<0.03) and with controls (p<0.003) (fig. 5). Although
nine patients with minor PO revealed a collapsibility =
0% at the velopharyngeal level, all patients with major
PO or CO revealed a collapsibility larger than 10%.

At the oropharyngeal and hypopharyngeal levels, simi-
lar trends were observed but there were no statistical dif-
ferences.

The collapsibility at the velopharyngeal level corre-
lated with BMI (r=0.47; p<0.001) (fig. 6).
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Table 1.  –  Subject characteristics

Snoring subjects Nonsnoring subjects
Variable (n=33) (n=16)

Age  yrs 48±9 38±11**
Height  cm 178±7 177±9
Weight  kg 90±13 74±9**
BMI  kg·m-1 28.5±3.4 23.5±2.6**

Values are expressed as mean±SD.  BMI: body mass index. **:
p<0.001.
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Fig. 3.  –  a) Comparison of the relative minimum airway dimension (ADmin) in the four groups. Minor PO: patients with minor partial obstruc-
tion; Major PO: patients with major partial obstruction; CO: patients with complete obstruction.  **: different from controls, p<0.005; +: different
from patients with minor and major PO combined, p<0.03. b) Comparison of the relative maximum airway dimension (ADmax) in the four groups.
Bars indicate SD. *: different from controls, p<0.01.



Discussion

The results of the present study suggest that not only
the upper airway size but also the upper airway collap-
sibility whilst awake is changed in patients with upper
airway obstruction during sleep. We demonstrated the use
of a simple digital fluoroscopic technique to evaluate the
upper airway size and dynamics over the respiratory cycle.
Velopharyngeal collapsibility, in particular, seemed to be
critical to determine the upper airway obstruction dur-
ing sleep. This is in agreement with earlier findings that
the velopharynx is the area where upper airway collapse
most often begins [2, 12, 15, 16, 35, 36]. Oropharyngeal
obstruction may also occur, usually promoted by increased
negative inspiratory pressure after primary velopharyn-
geal obstruction.

Increased BMI is a considerable risk factor for sno-
ring, with and without OSA. In our study, BMI had a lin-
ear correlation with collapsibility at the velopharyngeal
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level, but not with the airway size, supporting the impor-
tance of the collapsibility in addition to the airway size
itself. SCHWARTZ et al. [28] reported that weight loss is
associated with decreases in upper airway collapsibility
in OSA, partially supporting our results.

The static-charge-sensitive bed (SCSB) is a noninva-
sive method to distinguish episodes of apnoea, hypop-
noea or IRR. The clinical importance of partial upper
airway obstruction has recently been emphasized [37].
Partial upper airway obstruction, even in the absence of
apnoea episodes, may cause sleep fragmentation and in-
duce sleepiness or insomnia, symptoms that are reversible
by active therapy. It has been proposed that partial upper
airway obstruction may herald more severe obstruction
and the obstructive sleep apnoea syndrome. Therefore,
partial upper airway obstruction should be diagnosed,
and its effective treatment could potentially reduce the
risk for later development of the obstructive sleep apnoea
syndrome.

The relative ADmin at the hypopharyngeal level was
larger in patients with CO than patients with minor and
major PO combined. POLO and co-workers [33, 34] sug-
gested that airway collapse during sleep is favoured by
a relatively wide hypopharynx because the large hypo-
pharyngeal airway would leave the soft palate exposed
to direct inspiratory suction, promoting the total obstruc-
tion of the upper airway. Although some investigators
have reported that the hypopharynx of OSA patients are
narrower than normal subjects, our results using digital
fluoroscopy were consistent with the suggestion of POLO

and co-workers [33, 34], although the number of our
patients with severe OSA was limited.

Previous studies of upper airway size in snorers with
and without OSA are conflicting. HAPONIK et al. [11]
and BOHLMAN et al. [13] reported that the airway cross-
sectional area was smaller in patients with OSA than in
control subjects in the nasopharynx, oropharynx and
hypopharynx on conventional CT; however, STAUFFER et
al. [14] failed to demonstrate such a difference. SURATT

et al. [12] reported that the pharyngeal cross-sectional
area was smaller in patients with OSA than in normal
control subjects in the region posterior to the soft palate
but not in other parts of the pharynx. Conventional CT
has several limitations. The dynamic change of the upper
airway during the long scanning time (2–5 s) may affect
measurement of the airway size because the upper air-
way size varies during tidal ventilation. The slice posi-
tioning may not be accurate because only transverse
images can be obtained and the slice thickness is usually
8–10 mm, in spite of the complex anatomy of the upper
airway. Finally, the partial volume effect may affect the
measurement of airway size. Some investigators [9, 10,
16] have employed ultrafast CT to evaluate dynamic
change of the upper airway during breathing, and have
concluded that patients with OSA had a smaller cross-
sectional area in the oropharynx and nasopharynx. How-
ever, inaccurate slice positioning remains a problem even
using ultrafast CT. The insufficient time and spatial reso-
lutions of CT may at least partially explain the discrep-
ancies with respect to upper airway size. The new technique
of digital fluoroscopy provides dynamic information with
improved time and spatial resolutions. Therefore, it is
well adapted for accurate determination of the most nar-
row parts of the upper airway.

Digital fluoroscopy is better than conventional fluoro-
scopy for evaluation of the pharyngeal airway. By digi-
tal subtraction technique, it is easy to confirm that the
patient's head does not move during examination, and to
determine the images with ADmin and ADmax. Edge-
enhancement technique may also be useful for clearly
outlining a pharyngeal airway. There is a cost benefit us-
ing digital fluoroscopy, the examination time is shorter
than CT, and there is a lower irradiation dose.

In prior studies into upper airway collapsibility (or
compliance) of snoring patients with and without OSA,
either negative or positive pressures have been applied
to the upper airway and the cross-sectional area has been
measured using conventional CT or acoustic reflection
technique [19, 21–28]. These studies have demonstrated
that the upper airways of habitual snorers without apnoea
are more collapsible than those of nonsnorers, but less
collapsible than those with OSA. Recently, ultrafast CT
has been employed for evaluation of the upper airway
without applied pressure interventions [9, 10]. Those
studies have concluded that the upper airway of snorer/
mildly apnoeic and apnoeic subjects at the retropalatal
and retroglossal levels are more distensible than those of
normal controls. In digital fluoroscopy, the subjects are
spontaneously nose-breathing without external pressure,
which would affect the physiological state of the upper
airway. There was a significant correlation between the
respiratory abnormalities during the night and the collap-
sibility while awake, although the collapsibility during
sleep might be more relevant to OSA. The collapsibi-
lity measured in our study is likely to reflect both the
intrinsic tissue properties of the pharyngeal walls, and
the effect of pharyngeal muscle tone.

This study included snoring patients for whom an ope-
rative therapy had been chosen. In our hospital, patients
with severe obstructive sleep apnoea syndrome are prim-
arily treated with nasal continuous positive airway pres-
sure (nCPAP). Therefore, only six subjects with severe
OSA were included. All of them had discontinued nCPAP
after a trial period.

The cause of OSA is multifactorial and differs in dif-
ferent patients. The multifarious cause of OSA may parti-
ally explain why the airway dimension and collapsibility
at the velopharyngeal level were not significantly differ-
ent between complete obstructors and controls. Although
nine snorers revealed a collapsibility of 0% at the velopha-
ryngeal level, all the patients were classified in the minor
PO group. This result is not surprising because the col-
lapsibility of the upper airway in the relatively mild snor-
ers may be similar to controls. The multifactorial cause
of snoring may also partially explain this result.

The epiglottis may be responsible for OSA in some
patients, but abnormalities of the epiglottis are difficult
to evaluate using digital fluoroscopy. Digital fluorosco-
py provides only a two-dimensional lateral view, so that
only the anterior-posterior dimensions can be apprecia-
ted. In apnoeic patients, the airway had an anterior-pos-
terior configuration unlike the normal airway, which had
a horizontal configuration with the major axis in the lat-
eral direction [9, 17]. This change of the upper airway
shape cannot be shown from the lateral view of digital
fluoroscopy. It is possible that the lateral dimension of
the upper airway might be more important than the an-
teroposterior dimension in snorers. SCHWAB et al. [9]
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evaluated the collapsibility (distensibility) of the upper
airway by ultrafast CT, and reported that the change of
not only the lateral but also the anteroposterior airway
dimension was observed during breathing. Although the
evaluation of the anteroposterior airway dimension might
not be enough, useful information was obtained in our
study.

In six of the 33 patients, both ADmin and ADmax were
0 at the velopharyngeal level, in spite of nose-breathing.
This does not mean that the airway was completely obs-
tructed, since both ADmin and ADmax represent the nar-
rowest anteroposterior dimensions on each image. We
suppose that the narrowest part of the velopharynx is
usually at the midline of the airway. The cross-sectional
airway is not necessarily elliptical, and the lateral parts
of the velopharynx may be open.

The control group was not weight-matched. The pati-
ents had significantly higher BMI than the controls. This
is not a surprising finding because most patients with
obstructive apnoea are obese. Results of two studies com-
paring upper airway size in patients with sleep apnoea
and weight-matched controls [4, 27] are in agreement
with those in our study. In addition, simply weight-match-
ing subjects may not be an appropriate control because
fat distribution may differ between the subject groups.
Furthermore, the control group was not age-matched; the
patients were significantly older than the controls. The
results of three studies comparing upper airway col-
lapsibility (or compliance) in patients with sleep apnoea
and age-matched controls [19, 24, 26] are in agreement
with those of the present study. In addition, there were
no significant differences in age between three subject
groups with snoring in the present study. No significant
correlation was observed between the airway size, or
collapsibility, and age. These findings support the con-
cept that the disease state is a more important determi-
nant of airway size and collapsibility than either age or
obesity.

In conclusion, the upper airway size is decreased and
collapsibility increased at the velopharyngeal level in
snorers while awake compared with controls. The upper
airways were more collapsible in obese than in nonobese
patients, whereas the airway size did not correlate with
body mass index. Digital fluoroscopy proved to be a use-
ful tool for the evaluation of the upper airway dynam-
ics.
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