ORIGINAL ARTICLE

KOREA J. ORTHOD. 1987. 27(6) : 865-870

A size analysis in obstructive sleep apnea patients

Eung-Kwon Pae", DDS, MSc, PhD., Alan A. Lowe?, DMD, PhD, FRCD(C)
and Young-Chel Park®, DDS. PhD

The submental region in patients with Obstructive Sleep Apnea (OSA) is perceived to be larger than normal. Therefore,
neck thickness has become a variable routinely measured during clinical screening of OSA subjects. In general, OSA
patients are believed to have a large tongue and a narrow airway. To test if OSA patients have a larger face and tongue
than non-apneics, eighty pairs of upright and supine cephalograms were obtained from four groups of subjects subclassified
in accordance with severity. The sum of distances between pairs of landmarks was calculated for each subjects and
employed as a pure size variable for the face and tongue. Only tongue size becomes larger in accordance with apnea
severity in both body positions (P<.01). Tongue size reflects apnea severity, yet it provides only a small fraction of the
explanation with regard to apnea severity. We conclude that size may be one factor of many which are significantly related

to OSA severity.
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lthough an anatomically large tongue in

combination with a narrow pharyngeal airway

has been speculated on as a primary causal
factor for OSA, obesity also appears to play a
significant role in the pathophysiology of the disease.
Several studies have reported that a thick neck may be
a variable can be used for screening of OSA patientsl.
Clinicians have observed that most OSA patients are
obese and therefore, supposedly have a large face and
neck. It has been shown that a loss of even a few kgs
of body weight can markedly improve OSA seven'tyz.
Many previous studies have quantified the size of the
tongue and airway, and tried to associate the size of the
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structure with obesitys. Size of anatomical structures is
traditionally evaluated by area™® and volme’ measure-
ments. However, these measurements include a mixed
sence of size and shape. For instance, a narrow airway
can have a large volume when it is long. Therefore, a
volume measurement does not necessarily express size
of the structure. Few studies have attempted to
evaluate a geometical size of the face and tongue in
OSA patients.

Lateral cephalometry has become a routine
adjunctive diagnostic tool for OSA due to its speed,
accessibility, and low cost. In contrast to other major
imaging techniques, such as computed tomography
(CT) or magnetic resonance imaging (MRI), conven-
tional cephalograms are obtained in the upright body
position in awake subjects. In order to correlate the
cephalogram with information from these techniques,
supine cephalometry has been developedg. A few recent
cephalometric studies have examined the effect of
posture on upper airway size and related structure
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changes. However, the precise changes that occur in
the upper airway during body position changes still
remain unclear.

A precisely weight-matched investigation by Horner
et al’ reported that there are no systemic differences
in fat deposit distribution between OSA patients and
normal subjects, and they could not establish a
significant association between the degree of obesity
and the size of fat deposits'. Moreover, if obesity is
over-emphasized as an etiologic factor, it may be hard
to explain the existence of non-obese OSA patients in
terms of size. Size has been believed to play an
important role in the pathophysiology of OSA.
However, it might obscure an important underlying
functional process as well. The current project attempts
to measure pure geometrical size of the face and tongue
in patients with OSA by eliminating shape from a
mixture of size and shape, and tries to answer the
following questions; How much does the size of the
face and tongue influence OSA severity ? What is the
relationship between tongue size and obesity? What is
the effect of a posture change on face and tongue size.

MATERIALS AND METHODS

To diagnose OSA, overnight hospital polysomno-
gram monitoring was performed on each patient at the
Respiratory Sleep Disorder Clinic. Sleep and its stages
was documented by electroencephalogram (EEG),
electrooculogram (EOG) and electromyogram (EMG)
activity was recorded from the submental muscles',
Apneas were defined as cessation of airflow at the nose
and mouth for longer than 10 seconds and were
documented by an infrared COy analyzer (Model LB-2;
Beckman Instruments, Inc., Schiller Park, IL). A single
electrocardiogram (ECG) lead (modified V2) was
recorded to detect cardiac arrhythmias. SaQ; was
monitored continuously with a pulse oximeter (Model
N-100; Nellcor, Inc, Hayward, CA). Chest wall
movement was monitored by a respiratory inductive
plethymograph (Respitrace@; Ambulatory Monitoring
zEquipment, Ardsley, NY). The data were recorded
15-channel polygraph (Model 78; Grass Instruments
Co., Quincy, MA) at a paper speed of 10 mm/s. A
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Table 1 Anthropometric variables and apnea indices

AGE(yrs) 45.86 1247 18 71

BMI 29.39 6.21 21.08 53.04
Weight (kg) 8375 16.89 5% 14850
Al 11.20 13.74 0 67.71
RDI 2%6.63 2333 0 9875

s.d. indicates standard deviation

min. indicates minimum value

max. indicates maximum value

BMI (Body Mass Index) = Weight (kg) / Height* cm?)
AT (Apnea Index)

RDI (Respiratory Disturbance Index)

microcomputer continuously monitored and stored
arterial oxygen saturation, chest wall movement, and
heart rate data on a mass storage medium. Subjects
with ongoing respiratory infections, subjects on
medication known to affect muscle activity, those who
required orthognatic surgery, or edentulous subjects
were excluded from the study.

A total of 80 subjects were selected from patients
referred to the clinic (Table 1). The subjects were
classified into four subgroups according to OSA
severity: non-apneic, mild, moderate and severe. The
severity of sleep apnea was evaluated by a combination
of Apnea Index (Al), defined as the total number of
apneas divided by the total sleep time in minutes, and
Respiratory Disturbance Index (RDI), defined as the
total number of apneas and hypopnoeas divided by the
total sleep time in minutes. The non-apneic group
included subjects whose Al ranged from 0-4 or whose
RDI ranged from 0-9. The mild group included OSA
subjects who presented an Al of 5-15-or 10-30 for RDL
The moderate subjects demonstrated 16-25 for Al or
31-50 for RDI. The severe group included subjects who
had values higher than 25 for Al or 50 for RDL The
non-apneic group consisted of 20 subjects was included
to provide a standard. The mild, moderate and severe
group included 26, 17 and 17 subjects respectively.

A pair of cephalograms were obtained for each
subject in upright and supine positions. Details
regarding the cephalographic technique are provided in
a previous paper’. Seven landmarks considered to best
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Figure 1. Landmarks on the face and tongue. S
(Sella), N (Nasion), Gn (Gnathion), Go
(Gonion), H (Hyoidale), C4 (4th Vertebra),
and Subm (Submentale) are landmarks for
the face. TT (Tongue Tip), T1, TH (Tongue
Height), T2, E (Epiglottis), H (Hyoidale) and
RGN (Retrognathion) are landmarks for the
tongue. An arrow on the left indicates
the true vertical chain.

depict the facial configuration were determined on the
cephalograms; Sella, Nasion, Gnathion, Gonion,
Hyoidale, 4th vertebra, and Submentale. Submentale
was defined as the intersect point of the inferior chin
profile in the submental area and a line through RGN.
All landmarks were coordinated with X and Y axis
values (Fig. 1).

The simplest size variable may be the distance
between any pair of K landmarks™ A constructed
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Figure 2. This figure demonstrates how the size
variable is constructed. The sum of all the
interlandmark distances, X{X - X} is
employed as the size variable.

landmark variable, which is the root-summed-squared
set of interlandmark distances, was employed as the
size variable for the face, SIZFACE and for the tongue,
SIZTONGUE (Fig. 2). Two dimensional structures of
the face and tongue were traced on acetate paper with
a 05 mm pencil for each of the landmarks and outlines.
Boundaries were outlined in the middle of tissue
transition zones to take into account averaging.The
landmarks and outlines were digitized and stored in a
computer. The statistical programs SYSTAT
(SYSTAT, Inc., Evanston, IL) was utilized to analyze
the data. Pearson’s product moment correlation was
employed to examine the correlation between the

A total of seven landmarks were utilized for the tongue analysis.

E Epiglottis:
H Hyoidale:
RGN Retrognathion:

(Frankfort Horizontal) plane.

TT Tongue Tip: The center of the lead disc attached on the transition border from ventral to dorsal surface of
the tongue tip.

TI: A tangential point on the dorsal surface with the true horizontal line.

TH Tongue Height: The highest point of the tongue curvature relative to a line from E to TT.

T2 A tangential point on the dorsal surface with the true vertical line.

The deepest point of the epiglottis.
The most anterior and superior point of the hyoid bone.
The most posterior point of the mandibular symphysis along a line perpendicular to the FH
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Table 2. Pearson’s product moment correlation coefficient.

HXDEA 273 63, 19974

SIZFACE SIZTONGUE RDI
upright supine upright supine
Weight 0.632 *** 0.667 *#+* 0.564 #** 0511 ## 0453 #*+*
BMI 0.481 #x+ 0517 #** 0481 **x* 0.391 ##x 0.439 #*+
RDI 0.18 0.270 = 0.346 *x 0.219 1.000
* indicates P <005
ok indicates P <001
*okk indicates P < 0.001
Table 3. ANOVA analysis on group differences in different body position.
upright supine
SIZEFACE SIZTONGUE SIZFACE SIZTONGUE
GROUP N mean s.d. meanx sd mean s.d. mean sd
NON-APNEIC 20 28751 26.65 210.35 2448 287.09 2124 207.79 23.67
MILDx 26 288.34 2496 21252 22.93 28790 2551 212.03 217
MODERATE 17 201.711 2176 216.20 25,50 292.08 28.36 21494 24.65
SEVERE 17 28961 2116 21716 2550 290.38 28.36 21291 2465
P 0.112 0.04 0.035 0.873

variables. An one-way ANOVA (Analysis of Variance)
was used to examine the group effect.

RESULTS

Tables 1 summarizes the anthropometric data and
sleep index variables. Body Mass Index is a height
standardized weight variable calculated by the formula
of BMI = Weight (Kg) / Height® cm®). A simple
correlation is examined to find which is better
correlated to RDI between weight and BMI (Table 2).
Weight appears to be more associated with RDI than
BM]I, yet the difference was nominal. Correlation
between the size variables and weight, BMI, and RDI
was also investigated. In both positions, SIZFACE
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shows higher correlation to weight variables than
SIZTONGUE, however SIZTONGUE in the upright
position is found to best associate with RDL. Correlation
coefficients of SIZFACE to Weight, BMI, and RDI are
higher in the supine position, whereas those of
SIZTONGUE to the same variables are higher in the
upright position.

Mean value changes of the structure size in
accordance with apnea severity are tabulated in Table
3. The ANOVA test evidenced that there is a tongue
size difference among the subgroups in both body
positions at a P level of 0.004. The face size appears not
to be different from subgroup to subgroup, however the
tongue size evidently becomes larger in accordance
with apnea severity in both body positions.
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DISCUSSION

Obesity has been recognized as the strongest
predisposing factor for OSA™. The mechanical load of
breathing is increased with obesity and is significantly
exaggerated in the supine positionM. Tables 2
demonstrates that BMI and Weight are significantly
associated with apnea severity. In agreement with an
earlier studyls, the results of the current study reveal
that BMI does not surpass the variable Weight in its
predictability of RDI. Another interesting observation
in this study was that the face size is better associated
with weight than is tongue size (see Table 2).
Therefore, we suppose that an obese person may have
a larger face in clinical terms. However, tongue size in
the upright position showed a higher correlation with
RDI than did face size. An individual with a large face
may tend to be heavy, but this person does not
necessarily have a large tongue.

The ANOVA table summarizes the results. The more
severe symptoms the OSA patient shows, the larger
the tongue size in the upright position (see Table 3).
When comparing tongue size between upright and
supine positions, it becomes smaller in the supine
position in each group. This might explain the
corresponding higher genioglossus (GG) EMG activity
reported in awake OSA subjects®. Theoretically, an
OSA patient with a large tongue would be expected to
have a smaller pharynx in the supine position than in
the upright when one considers the response of the
tongue to gravitational pull. However, these results
report a higher correlation coefficient between tongue
size and severity in the upright position than in the
supine. This finding suggests that the tongue size does
not change significantly as the body posture changes
from upright to supine in an awake state. In awake
subjects, the GG muscle activity may increase to keep
the airway open in the supine position and the tongue
size as measured in the midplane may become smaller
in the supine position.

Standardization of size by any variable explicitly
measured, regardless of its unit, confounds the
variation of that unit™®. The geometric size variable
employed here is uncorrelated to shape coordinates, and
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it explains nothing but size. As long as the selected
landmarks describe the entire form of a biological
object faithfully, the sum of all squared distances
between the pairs of landmarks express size without
any confounding factor. This size variable may be
superior to other size variables such as area or
perimeter which are often used clinically. In summary,
tongue size is found to be a variable which reflects
apnea severity significantly, yet still provides only a
small fraction ( Adj R® = 0108 to RDI ) of the
explanation with regard to OSA symptoms. The size
used in this paper is not the same size which has been
measured in the previous studies. Nevertheless, it may
be speculated that size may not be a main risk factor
for apnea severity. Based on this interpretation, we
conclude that the size imbalance of anatomical
structures of the face and tongue may have been
over-emphasized as a possible cause of OSA.

ACKNOWLEDGEMENTS

The authors wish to thank to Ms. M. Wong for her
computer expertise.

REFERENCES

1. Davies R], Ali N, Stradling J. Neck circumference and
other clinical features in the diagnosis of the obstructive
sleep apnea syndrome. Thorax 1992;47:101-5.

2. Suratt PM, McTier RF, Findley L]}, Pohl SL, Wilhoit SC.
Changes in breathing and the pharynx after weight loss
in obstructive sleep apnea. Chest 1987,92:631-7.

3. Fleetham JA. Upper airway imaging in relation to
obstructive sleep apnea. Clin Chest Med 1992;13:399-416.

4. Kuna ST, Bedi DG, Ryckman C. Effect of nasal airway
positive pressure on upper airway size and configuration.
Am Rev Respir Dis 1988;138:969-975.

5. Lyberg T, Krogustad O, Djupesland G. Cepahlometric
analysis in patients with obstructive sleep apnoea
syndrome: Soft tissue morphology. J Laryngol Otol
1989,103:293-7.

6. Strelzow V, Blanks R, Basile A, Strelzow A.
Cepahlometric airway analysis in obstructive sleep apnea
syndrome. Laryngoscope 1988,98:1149-58.

7. Lowe AA, Fleetham JA. Two and three dimensional
analyses of tongue, airway, and soft palate size. In:

869



Eung-Kwon Pae, Alan A. Lowe, Young-Chel Park

Norton ML and Brown AC, eds. Atlas of the difficult
airway. St. Louis: Mosby Year Book, 1991,74-82.

8. Pae E-K, Lowe A, Sasaki K, Price C, Tsuchiya M,
Fleetham J. A cephalometric and electromyographic study
of upper airway structure in the upright and supine
position. Am J Orthod Dentofacial Orthop 1994;106: 52-9.

9. Homer RL, Mohiaddin RH, Lowell DG, Shea SA, Burman
ED, Longmore DB, Guz A. Sites and sizes of fat deposits
around the pharynx in obese patients with obstructive
sleep apnoea and weight matched controls. Eur Respir J
1989;2:613-22.

10. Horner RL, Shea SA, Mclvor J, Guz A. Pharyngeal size
and shape during wakefulness and sleep in patients with
obstructive sleep apnea. Quart J] Med New Series
1989;72;268:719-35.

11. Ryan CF, Lowe AA, Li D, Fleetham JA. Three-
dimensional upper airway computed tomography in obs-
tructive sleep apnea. Am Rev Respir Dis 1991;144:428-

IR WAl 274 65, 19974

432,
12. Bookstein FL. Morphometric tools for landmark data:
. Geometry and Biology. Cambridge: Cambridge Univ.
Press, 1991;83-124.

13. Browman C, Sampson M, Yolles S, Gujavarty K, Weiler
S, Walsleben ], Hahn P, Mitler M. Obstructive sleep
apnea and body weight. Chest 1984;85:435-6.

14. Kopelman PG. Sleep apnoea and hypoventilation in
obesity. Int ] obes Relat Metab Disord 1992;16(Suppl.2):
S37-542.

15. Hoffstein V, Wright S, Zamel N, Bradley T. Pharyngeal
function and snoring characteristics in apneic and nona-
preic snorers. Am Rev Respir Dis 1991;143:1294-1299.

16. Mezzanotte WS, Tangel DJ, White DP. Waking geniog-
lossal electrogram in sleep apnea patients versus normal
controls. (a neuromuscular compensatory mechanism) J
Clin Invest 1992:89:1571-1579.

AUt 428 Lggedd zus? - AUt vEgs 22

2 39 270 Y A7

ot @4 - AANY mAH @5

u<-AY - ALAN A. LOWE? - u}g38®

AAY FAFER(13 0SAEAY] Uty 539 3z thd HdiE Submental F91 8

€t} A 23 3%

#4190 34 49 409 @ 229Y02 AdG: A A5

B A7E 099 842 2e AGAG do99 T AANA 22 T B FuE

B AL A 0SABA

dAF e 2718 dudY 2R Ha Ptk A5 APARE 474 4 A A= we FIAT, BT
hET 2L EFTOE UEAT A7) S o A% T A AE A EE ASAY Fo=

54 2718 s 232A, AW 27171 39 7R AFH o &2 JHaAE

%\OL} ZAko] Alsl

R 89 4717t o $8% FAX JL &5 AR F9 27171 3 A=A uld el oA 1% FoAE B

ot

2 HO : BN H2SE,

ELEFUAMARL, &, AL

* 2 0| 2= HINXICH mESiAl KHI2 OIR0ES.

870



