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PREDICTION OF PHYSIOLOGIC MEASURES OF SLEEP DISORDERED
BREATHING USING CEPHALOMETRIC AND ANTHROPOMETRIC
MEASUREMENTS

Abstract
by
SEUNG-JIN BAEK

Craniofacial structures and some anthropometric risk factors have been reported to
be associated with obstructive sleep apnea syndrome (OSAS). This study examined the
correlation between three anthropometric and fourteen cephalometric variables and eight

physiologic measures of sleep disordered breathing (lowest O, saturation, average 0O,
saturation, O difference 1 (O, difference between baseline and lowest O, saturation),
0, difference 2 (O, difference between baseline and average O, saturation), longest

apnea duration, average apnea duration, longest hypopnea duration and average
hypopnea duration). One hundred and eighty six habitual snorers were recruited over a
period of six years and all subjects underwent cephalometric and polysomnographic
study. The mean age of the subjects was 46.04 +10.44 years with 69% male, 17%
African-American, and 58% nonapneic snorers (RDI<20). Forced-all regression
analysis demonstrated that the seventeen independent variables explained 46% of the
variation in lowest O saturation and 41% of the variation in oxygen saturation

difference between baseline and lowest O, saturation. In contrast, this same set of

variables explained only 17.6% and 8.6% of the variation in longest hypopnea duration



and average hypopnea duration respectively. Step-wise analysis indicated that body
mass index (BMI) and hyoid to mandibular plane distance were the best predictors for
O desaturation whereas age and the length of the tongue or soft palate were the most
important predictors for apnea/hypopnea duration. The results suggest that different
physiologic variables likely measure different aspects of disease and that craniofacial
anatomic factors probably account for some of the variability in the expression of

OSAS.
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GLOSSARY

Definitions of Anatomic Landmarks
Point/Line Definition

A Subspinale: Point in the median sagittal plane
where the lower front edge of the anterior nasal
spine meets the front wall of the maxillary
alveolar process (Downs Point A).

ANS Anterior nasal spine: Sharp Median Process formed
by the forward prolongnation of the two maxillae
at the lower margin of the anterior aperture of the
nose.

Ar Articulare (Bjork): Intersection of the lateral
radiographic image of the posterior border of the
ramus with the base of the occipital bone.

ARa Anterior Ramus Plane: a line from the intersection
of the functional occlusion plane (FOP) and the
anterior borde of the ramus drawn parallel to PRa
up to the refrence line.

B Supramental: Deepest midline point on the mandible
between infrandentale and pogonion (Downs point
B).

Ba Basion point: The most postero-inferior point on
the clivus.

C2 The most posterior-inferior point on the corpus of

the second cervical vertebrae.

C2tg The tangent point of which a line from C2 passes
through the odontoid process.

C4 The most posterior-inferior point on the corpus of
the fourth cervical vertebrae,

viii



FOP

Go

H’

MCF

Phw

PNS

Base of Epiglottis: The most deepest point of the
epiglottis.

Tip of the Epiglottis: The most superior point of the
epiglottis.

Functional Occlusion plane: A line from the most
posterior occlusal contact point to the last fully
erupted maxillary and mandibular molars to the
most anterior maxillary-mandibular first premolar
occlusal contact.

Gonion: External angle of mandible, located on the
lateral radiograph by bisecting the angle formed by
tangents to posterior border of ramus and the
mandibular plane.

Hyoidale: The most superior-anterior point on the
body of hyoid bone.

Hyoidale Projection: The projection from H to
mandibular plane.

Middle Cranial Fossa: Represented by a line from
Bjork’s articulare (AR) to SE.

Menton: The most inferior point on the symphysis of the
mandible in the median plane. Seen in the lateral
radiograph as the most inferior point on the symphysial
outline when the head is oriented in Frankfort relation.

Nasion: Craniometric point where the mid sagittal
plane intersects the most interior point of the
naso-frontal structure.

Obitale: The lowest point on the inferior margin of
the orbit.

Tip of the soft palate.

Posterior Pharyngeal wall at the level of posterior
superior airway space.

Posterior nasal spine: Process formed by the united
projecting medial ends of the posterior borders of
the two palatine bones.



FM

Po

Psp

PRa

REF

Rgn

SE

Tt

Vertical PM: A line from SE through the averaged
inferior-most points of the left and right
pterygomaxillary fissure.

Anatomic Porion: Point on the upper margin of the
porus acusticus externus.

The most superior-posterior point of the soft
palate.

Posterior Ramus: A line from Ar to the intersection
of the posterior border of the ramus with FOP.

Refrence line: A line parallel to FOP from Ar
anteriorly.

Retrognathion: The most inferior-posterior point of
the symphysis.

Sella Turcica: The center of the hypophyseal fossa,
lodging the pituitary body.

Sphenoethmoidal junction: The point at which the
floor of the anterior cranial fossa intersects the
averaged image left and right of the great wings of
the sphenoid bone.

The dorsum of the tongue on a line joining the
gonian (Go) and the supramentale (B).

Tongue tip: The most anterior point of the tongue
which touches the lingual surface of the
mandibular incisor.



Variables

Cranial Base

<BaSn
MCF

<SNA

<ArN-PM

A-PNS

PNS-Ba

Mandible
<SNB

Lateral Cephalometric Measurements

[nterpretation

Cranial Base Angulation in mid sagittal plane.

Middle cranial fossa and posterior maxillary
relative alignment (MCEF/PM). A neutral MCF/PM
is an internal angle of 40.3 degree. When a subject’s
PM is forward the neutral PM, a clockwise (+)
results. This forward (+) alignment of the MCF
results in mandibular retrusive effect (fig 2).

When a subject’s PM is behind the neutral PM, a
counter-clockwise (-} results. The backward (-)
alignment of the MCF results in 2 mandibular
protrusive effect. If the neutral MCF plane
coincides with the individual’s own MCF, a neutral
effect (0) is present.

Anteroposterior position of the maxilla relative to the
anterior cranial base.

Posterior wall of the maxilla relative to the
constructed cranial base (Ar-N).

Effective antero-posterior dimension of the
maxilla when project to a line which is
perpendicutar to PM and passes point SE.

Horizontal position of PNS to Basion.

Anteroposterior position of the mandible relative
to the anterior cranial base.



Ram/MCF

ArA-ArB

Head Position
FH-Hor

Soft Tissues

Soft palate and Oropharynx
P-PNS

Phw-Psp

Tongue

Tl

T area

Ramus width relative to middle cranial fossa
horizontal dimension. The measurement of ramus
width is made at the level of REF by comparing to
the horizontal dimension of the MCF along this line.
The distance from Ar to ARa and Ar to subject’s

PM are measured along the refrence line. A (+)
effect occurs when the ramus width is less than Ar to
subject’s PM, and (-) effect when greater (fig 3).
When the measurements are the same, a neutral (0)
effect results.

Relative comparison of cumulative maxillary
length from Ar to A point with cumulative
mandibular point from Ar to B point. The
measurements are made along the Refrence line.

Head position interpreted by an angle formed by the
Frankfort Horizontal plane and the True Horizontal
(recorded from a fluid level device).

Soft Palate Length.

Superior Posterior Airway Space (Distance
measured along a line parallel to B-Go).

Tongue length: Length of the tongue measured from
Tt-Eb.

Area of the tongue (Outline from Tt along
retrognathion surface to menton, Eb and dorsum of
the tongue).

Vertical position of the Hyoid relative to the
mandibular plane.

Vertical position of the Hyoid relative to a line
which is perpendicular to PM and passes point SE.



Nec
<C2C4-SN

<C2-SN

Intermaxillary Dimension
AntrMxHt.

PostMxHt.

In Mx Lth.

In Mx Area

A craniocervical angle formed by a line from C2 to
C4 and S-N plane.

A craniocervical angle formed by a line from C2 to
C2tg and S-N plane.

Anterior intermaxillary space height: The length of
a perpendicular from the maxillary plane to menton.

Posterior intermaxillary space height: The length
of a perpendicular from the maxillary plane to the
mandibular plane which passes through the point
where the FOP intersects the Phw.

Length of the Intermaxillary space: Linear distance
measured along the FOP from the point where it
intersects the Tt anteriorly, to where it intersects
the Phw posteriorly.

Intermaxillary area: calculated by the average of
anterior and posterior intermaxillary space height
multiply by intermaxillary length.

Skeleton and soft tissue relationship

T/In Mx area

Ratio between tongue area to intermaxillary area in
mid-sagittal plane.



INTRODUCTION

Obstructive sleep apnea has received increased recognition in several medical
fields because of the serious systemic effects of the disease. The pathophysiologic basis
for obstructive sleep apnea syndrome is complex, involving the physical properties of
the pharynx, the muscular forces that support airway patency, and the homeostatic
control mechanisms of respiration. The anatomic basis for OSAS lies in the hard tissue
structures of the head and neck as well as the soft tissue structures comprising and
supporting the upper airway. Unfortunately, there is no uniform method of classifying
OSAS patients into categories based on a multifactorial scale that includes weighted
consideration of each of the known risk factors. Similarly, assessment of overall
therapeutic benefit is still difficult to judge because there is no generally agreed upon
standard for uniform coding and reporting of results for OSAS therapy. Although there
have been numerous research reports on OSAS, the complexity and intricacy of its
pathogenesis is still debated. Because of the multifactorial etiology of the disease,
diagnosis and treatment of OSAS demands a multidisciplinary approach involves both
medical and dental professionals.

Obstructive Sleep Apnea Syndrome (OSAS) is characterized by repetitive
episodes of upper airway obstruction that occur during sleep, usually associated with a
reduction in arterial oxygen saturation. Apnea, the cessation of breathing for more than
ten seconds, has been identified during sleep in some young, otherwise healthy

individuals, as well as a greater number of older adults. Other groups prone to apnea
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include postmenopausal women and children with tonsillar and adenoid hyperwophy
(Strohl et al., 1986). Clinically the designation of OSAS is usually applied to
individuals who experience frequent apneas and hypopneas during sleep with
pathophysiological consequences. In addition, OSAS patients often snore heavily,
wake up tired, and complain of excessive daytime sleepiness leading to occupational
disability.

A recent epidemiologic survey suggested that the prevalence of OSAS may be as
high as 10% of the adult male population over 50 (Phillipson 1993). Sleep related
apneas are classified as central, obstructive or mixed, depending on the presence or
absence of abdominal thoracic respiratory efforts. Obstructive types of sleep apnea are
thought to occur when there is inadequate motor drive to upper airway muscles in the
presence of effective diaphragmatic contraction. In contrast, central-type apnea appears
to have inadequate drive to both the upper airway muscles and to the diaphragm (Olson,
Strohl 1986). Fiberoptic visualization in twenty five male subjects with OSAS showed
that the most common site of obstruction was in the oropharynx (76%). Obstructions
also were found in the hypopharynx (11%) and larynx (2%) (Wilms et al., 1982).
More than two sites of obstruction were identified in 36% of the patients.

Snoring is a major social disruption. Sounds are produced by an obstructed
airway at the level of nasopharynx or oropharynx. It has been reported that snoring is
the most common reason for OSAS patients to contact an otolaryngologist. The most
common person to identify loud snoring is the bed partner.

Although there have been a number of studies on the etiology and pathogenesis of
OSAS, the exact mechanisms that lead to OSAS are not clearly defined. However, there
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is some evidence to support the hypothesis that craniofacial structures are associated
with the development of OSAS as well as neurogenic controls to preserve the patency
of the upper airway during sleep. Both genetic and environmental factors appear to
influence each of the recognized risk factors of the disorder. These risk factors include
craniofacial features, obesity, alcohol use and ventilatory control (Strohl et al., 1978).

A number of studies have used cephalometrics to evaluate craniofacial
morphology in patients with OSAS. Typical craniofacial characteristics related to OSAS
include increased hyoid to mandiblular plane distance, increased length of the soft
palate, and decreased size of the posterior pharyngeal space. It is interesting to note in
OSAS patients that the sagittal dimensions of upper face and anterior cranial base were
reduced. These changes correlated with reduced bony pharynx opening and the
increased lower face height. These were in turn associated with a retruded position of
the chin and tongue. All of these factors contribute to lower pharynx crowding with
elongated soft palate (Bacon et al., 1989). In other words, the faces of OSAS patients
are “compressed” toward the posterior pharyngeal wall but mandibular length remains
the same.

Differences in craniofacial anatomic structures of apneic and nonapneic snorers in
upright and supine position were studied by Pracharktam et al., (1994). They
concluded that while the magnitude of some variables increased in the supine position,
no additional posture related differences between the two groups were found. Since
these craniofacial features are present in awake upright subjects, a complete evaluation
of the entire upper airway can be made in the standard upright cephalometer before

medical or surgical therapy is instituted. The use of cephalometric radiographs to
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evaluate craniofacial anatomy in OSAS patients has increased during the last
decade, Two studies have attempted to differentiate OSAS subjects from other habitual
snorers based on specific craniofacial risk factors (Bacon et al., 1988; Hans et al.,
1996). Two other studies used statistical regression to analyze the correlation of
cephalometric and anthropometric variables and Respiratory Disturbance Index (RDI)
scores (Partinen et al., 1988; Nelson, Hans 1996). Still another study used
cephalometric and physiologic parameters to predict treatment response (i.e., reduction
in RDI) to a dental device (Eveloff et al., 1994). It has often been emphasized that
abnormal craniofacial characteristics may increase an individual’s risk of developing
OSAS. These anatomic features can be quantitated with the cephalometric technique.
However, to date no systematic study has tried to determine the relationship between
cephalometric measurements and physiologic measures of sleep disordered breathing.
The working hypothesis of the present study is that Respiratory Disturbance Index
(RDI) gives a global evaluation of OSAS whereas other physiologic measures may be
more highly associated with a specific phase of the apneic cycle (Figure 1) and provide
additional information of the severity or characterestics of the breathing disturbance.
As seen in the scheme, RDI shown in Figure 1 is considered a global and
traditional index that combines both oxygen desaturation and apnea/hypopnea duration.
Apnea duration is measured as the time during the apneic cycle from the “closed” to the
“reopen” status of the airway. Hypopnea duration is measured as the time from
the*open” to the “closing” status of the apneic cycle. Both apnea and hypopnea cycles
are usually associated with oxygen desaturation which may in turn indicate the severity

of OSAS. Anatomic, and neurologic risk factors as well as compliance of the upper
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airway may contribute differently to apneic activity during each specific phase of the

apneic cycle.

The present study addresses the following:

1. Can craniofacial factors predict specific physiologic measurements such as
the lowest O, saturation or the longest duration of apnea?

2. Are the cephalometric and anthropometric variables that predict apnea
length and the lowest O, saturation similar to those that predict RDI?

3. Do all the craniofacial risk factors have equal importance in predicting
apnea length and the lowest O saturation, or is there a subset of the

craniofacial variables that are more important than the rest?

Apneic cycle Anatomic | Neurologic | Surface tension
factors contro] (compliance)
Hypopnea
OF o open 4t + +
duration | )
longest
RDI
(GVerdES | closing | 02 sat ? + +
lowest
| average
02 diff I
Apnea ¥
C?Z sat closed | O2diff2 ? + +
durali duration
uration
longest | + e+ -+
average
reopen

Figure 1. Schematic diagram of the apneic cycle (working hypothesis)



REVIEW OF THE LITERATURE

Historical Perspective and the Clinical Syndrome

Obstructive sleep apnea was well described as " Pickwickian syndrome” in
Charles Dickens’ classic work The Pickwick Papers in 1837. In 1889, William Hill
also recognized this syndrome, as the following statement illustrates:

“The stupid-looking lazy kid who frequently suffers from headaches at
school, breathes through his mouth instead of his nose, snores and is
restless at night, and wake up with a dry mouth in the moming, is well
worthy of the solicitous attention of the school medical officer.”
In 1918, Sir William Osler coined the term “Pickwickian,” referring to obese,
hypersomnolent patients. Pickwickian syndrome was characterized by symptoms
associated with obesity, excessive sleepiness, cyanosis, pulmonary hypertension, and
right sided heart failure (Westbrook 1990).

Sleep research was not actively pursued until the early 1950°s, when workers at
the University of Chicago studied eye movement during sleep. By 1957, they had
published the classic description of the electroencephalogram (EEG) in rapid eye
movement (REM) patterns of overnight sleep in humans. This group was the first to
use the term “REM sleep” and described the cyclic nature of REM and non-REM sleep.
In 1965, Gastaut and coworkers reported the first polysomnographic study and began
to describe Pickwickian syndrome based on sleep behaviors. They also began to
classify sleep-induced apnea syndrome based upon the respiratory patterns seen during
sleep. In 1973, sleep apnea was first described as a syndrome by Guilleminault et al.

This group also established a sleep clinic at Stanford University to study patients with
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sleep complaints (Koopmann, Moran 1990a). Therapeutic trials, some of them very
effective, were conducted long before a complete understanding of the underlying
problems was at hand. Guilleminault (1985) in reviewing the literature found that
weight loss has been recommended for obese patients for many years, although
pulmonary physiologists, particularly A. R. Fishman and his colleagues, noted that it
does not always resolve all problems. In some patients, hypoxic and hypercapnic
response curves remain abnormally low. Kuhlo and his colleagues case report stressed
the effectiveness of tracheostomy in treating obstructive sleep apnea. Kumashiro and
colleagues reported on a patient whose sleep apnea improved markedly with
administration of the tricyclic antidepressant clomapramine. However, this patient’s
clinical symptoms were not clearly described. Today, tracheostomy to bypass the sleep-
related obstruction is still performed, and tricyclic antidepressants such as protriptyline
and clomipramine, which is unavailable in United States, are among the drugs
administered to patients with mild to moderate obstructive sieep apnea syndrome.

The sleep apnea syndromes are a collection of clinical disorders characterized by
recurrent episodes of apnea and/or hypoventilation during sleep and by relief of
symptoms and signs of disease with relief of the sleep-induced respiratory disturbance
(Strohl et al., 1984). Recurrent hypoxemia and hypercapnia during sleep lead to
multiple arousals and sleep fragmentation. These factors have been identified as the
most important in producing the symptoms and signs. The major clinical features of the
adult sleep apnea syndromes have been defined in order of prevalence (Guilleminault et
al., 1978). The major clinical symptoms are altered sleep behavior including snoring,

enuresis, sleep walking, excessive daytime sleepiness, intellectual deterioration, sexual
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dysfunction, personality changes, morning headaches, hypnagogic hallucinations and
automatic behavior, pedal edema, exercise intolerance, dyspnea,and insomnia. The
clinical features can also include reduced sleep latency, obesity, cardiac arrhythmias,
sinus arrhythmia (30 bpm), bradycardia, asystole (greater or equal to three seconds),
hypertension, pulmonary hypertension, and polycythemia.

Two distinct clinical syndromes of sleep apnea have been identified based on
pathophysiological mechanisms: obstructive and central. Obstructive sleep apnea
syndrome is characterized by episodes of either obstructive sleep apnea, during which
respiratory effort continues despite pharyngeal obstruction to airflow, or of mixed
apnea, during which respiratory efforts are absent at the start of the apnea but then start
again before airflow resumes (Millman, Fishman 1988). By definition, central sleep
apnea syndrome entails a cessation of both respiratory effort and airflow. This kind of
“pure” central apnea is responsible for less than 5% of instances of sleep apnea. As a
rule, the designation central sleep apnea syndrome is reserved for patients who have
repetitive episodes of apnea that are solely central in type. An apnea is now defined as a
cessation of airflow for ten seconds or longer. There is less consensus about the
definition of hypopnea: some clinics define hypopnea as a 50 % reduction in air:ﬂow
associated with a 4% fall in oxygen saturation. However, this definition is not entirely
satisfying when applied to relatively healthy adults and children who fail to develop
appreciable O, desaturation because of the shape of the oxyhemoglobin dissociation
curve. Based on all-night polysomnographic evaluation of normal subjects, sleep apnea
has been defined as greater than five apneas per hour or more than thirty apneas per

night. Because of the unexpected finding that subjects older than sixty five years have a
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high prevalence (35 to 40%) of recurrent apnea, some of the which are symptomatic
and others asymptomatic, this definition of sleep apnea has been seriously challenged.

An apnea index (number of apneic episodes per hour of sleep} of five or greater
was proposed as a more sensitive threshold for diagnosing sleep apnea syndrome.
These criteria are widely used according to recent clinical and research publications
(Guilleminault et al., 1980). However, the use of a threshold level of five apneic
episodes per hour not reliably predict increased health risk or somnolence in aging
subjects. Adjustment of the apnea index, based on studies of aging normal subjects and
of aging patients with sleep apnea syndrome is necessary to insure reliable results in
clinical and research applications (Berry et al., 1984).

Another phenomenon to be considered is partial apnea, called an hypopnea.
Hypopnea is defined as a reduction in air exchange with decreased arterial oxygen
saturation. The effects of episodes of hypopnea are similar to those seen in typical sleep
apnea syndrome. To take into account this breathing abnormality Guilleminault have
devised an Apnea-Hypopnea Index ((A+H)I), which is similar to the Respiratory
Disturbance Index (RDI) that has been used in recent literature. The (A+H) gives a .
good indication of the severity of the syndrome, but is not always sufficient to describe
the entire problem. Several other indices have been combined with the (A+H)I to give
more information on the patient, such as amount of time spent with oxygen saturation
below a certain level (90%, 80%, 70%) or number of oxygen saturation drops below
90%, 80%, or 70%. A cardiac arrhythmia index that gives the number of cardiac
arrhythmias per hour of sleep has also been devised (Guilleminault, Dement 1988).

However, any predetermined AHI cut-off value to define sleep apnea is somewhat
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arbitrary and different criteria are often used (Hoffstein et al., 1991a). According to the
International Classification of Sleep Disorders the diagnostic criteria for obstructive
sleep apnea are (1990 ):
A. The patient has a complaint of excessive sleepiness or insomnia.
Occasionally the patient may be unaware of clinical features that are observed
by others.
B. The patient has frequent episodes of obstructed breathing during sleep.
C. Associated features include:
1. Loud snoring;
2. Morning headaches;
3. A dry mouth upon awakening;
4. Chest retraction during sleep in young children.

D. Polysemnographic monitoring demonstrates:

1. More than five obstructive apneas, greater than ten seconds in
duration, per hour of sleep and one or more of the following:

2. Frequent arousals from sleep associated with the apneas;
3. Bradytachycardia;

4. Arterial oxygen desaturation in association with the apneic episodes;
with or without

5. An MSLT that demonstrates a mean sleep latency of less than ten
minutes.

E. Sleep apnea can be associated with other medical disorders, e.g.,
tonsillar enlargement.

F. Other sleep disorders can be present, e.g., periodic limb movement
disorder or narcolepsy.
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Severity Criteria:

Mild: Associated with moderated sleepiness or mild insomnia as
defined above. The majority of habitual sleep period is free of
respiratory disturbance. The apneic episodes are associated with mild
oXygen desaturation or benign cardiac arrhythmias.

Moderate: Associated with moderate sleepiness or mild insomnia as
defined above. Can be associated with moderate oxygen desaturation
or mild cardiac arrhythmias.
Severe; Associated with severe sleepiness as defined above. The
majority of the habitual sleep period is associated with respiratory
disturbance, with severe oxygen desaturation or moderate to severe
cardiac arrhythmias. There can be evidence of associated cardiac or
pulmonary failure.

Duration Criteria:
Acute: Duration two weeks or less.
Subacute: Duration more than two weeks but less than six months.,

Chronic: Duration six months or longer.

The first epidemiologic study for Israeli industry workers demonstrated that at
least 0.89% of the sample had symptomatic sleep apnea (Lavie 1983). A more recent
epidemiological survey suggested that the prevalence of this disease may be as high as
ten percent of the adult male population over fifty (Philipson 1993). Another study
suggested that the prevalence of OSAS is at least nine percent of the aduit male and four
percent of the adult female population (Young et al., 1993).

Prevalence rates for sleep apnea based on Al or AHI >S5 are wide ranging: 1%-
16% for adult males, and 1-5% for adult females; 28-67% for elderly males (older than
sixty five years), and 20-54% elderly females. Approximately 16% of habitual snorers
may have sleep apnea (defined as greater than thirty respiratory episodes per night).

However, another study demonstrated that 28% of the subjects selected from the an
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industrial population with subjectively reported excessive daytime sleepiness were
found to have >five apneas per hour, as many as 66% of subjects with slecp apnea may
not be hypersomnolent (Redline, Young 1993). Prevalence estimates thus are limited
by discrepancies and disease definitions. The currently available data suggest that sleep
apnea occurs commonly. Prevalence, however, varies markedly according to
definitions utilized to characterize the disorder and population studied. Prevalence has
been reported to range from 1% (in an industrial working Isracli population) to 42% (in
an elderly nursing home population).

Two surveys of ten sleep disorders centers, conducted in 1978-1979 and 1980-
1981, revealed that 46% of 8,000 excessive daytime sleepiness (EDS) patients had
sleep apnea syndrome. Among sleep apnea patients, daytime sleepiness is a more
common complaint than disturbed nocturnal sleep, and obstructive sleep apnea
syndrome is more common than central sleep apnea. The prevalence appears to increase
with age (Guilleminault, Dement 1988).

One thousand and one English men, aged 35-65 years, were identified from the
age-sex register of one group general practice. Three subjects had clinically obvious
and severe symptomatic obstructive sleep apnea, giving a prevalence of three per 1001
men (Stradling, Crosby 1991). The prevalence of snoring “Often”was much higher
when the wife was present at the interview (23% v 10%) (17% overall; p<0.0001).

Respondents in a random digit dialing telephone survey included 685 people (356
women and 329 men, with a mean age of fifty years). Snoring was reported by 37%,
gasping by 8%, excessive daytime somnolence by 36%, and hypertension by 28%; all

symptoms were more prevalent in respondents older than fifty years. Snoring and
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gasping were more common in men than women (Phillips et al., 1989).

Obstructive Sleep Apnea Syndrome is predominantly identified in middle aged
men. However, postmenopausal women or children with tonsillar and adencid
hypertrophy are also potential groups particularly prone to sleep apnea (Block et al.,
1980; Potsic, Wetmore 1990; Shprintzen 1982). Twenty postmenopausal women were
monitored for disordered breathing (apnea and hypopnea) and oxygen desaturation
during one night’s sleep and compared with eighteen premenopausal women previously
reported to have a low incidence of sleep-disordered breathing and nocturnal oxygen
desaturation (Block et al., 1980). Postmenopausal women were found to resemble men
with respect to disordered breathing during sleep and nocturnal oxygen desaturation.
They speculated protection from these sleep events in premenopausal women might be
afforded by the respiratory stimulant effects of circulating progesterone.

Obstructive sleep apnea of lesser degrees of severity in children are probably more
common than is currently realized because of lack of a convenient mass screening
device and agreement as to what constitutes significant obstruction. The vast majority
of children with obstructed respiration during sleep and sleep apnea have a pharyngeal
site as the sole cause. The most common cause of obstructive sleep disorders and
obstructive apnea in children is adenotonsillar hyperplasia. It is suspected that the
incidence of obstruction has increased with the decline in the number of tonsillectomies
(Potsic, Wetmore 1990). Some children have a predisposition to airway obstruction
because their pharynx has an abnormal shape or support. Patients with craniofacial
anomalies with syndromes such as Crouzon, Apert, Down. Treacher Collins, Pierre

Robin, cleft palate, achondroplasia, mucopolysaccharidoses, nasal congestion from
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allergic rhinitis or infection, neuromuscular disorders, and tumors or space-occupying
masses €.g., rhabdomyosarcoma and lymphoma, have a high association with sleep
apnea (Shprintzen 1982).
Pathophysiology of Obstructive Sleep Apnea
It is possible that the cause of OSA is multifactorial in anyone individual or differs
in different patients because to date no single pathophysiologic mechanism has been
identified.
The following categories are proposed factors known to contribute to upper
airway obstruction during sleep (Hudgel 1992)
1. Compliance or collapsibility of upper airway tissues
2. Pharyngeal inspiratory muscle function
3. Reflexes effecting upper airway caliber
4. Geometry of upper airway
Upper Airway Compliance or Collapsibility
Little is known about the intrinsic passive compliance of the pharyngeal tissues
because of the difficulty in determining isolated pharyngeal volume and intraluminal
pressure measurement during a totally relaxed state. Only one study showed that the
oropharynx was often closed when the infant lay in a supine position. In contrast, a
higher suction pressure was required to close the nasopharynx and substantially more
pressure was needed to close the hypopharynx which indicates the oropharyngeal
airway is inherently quite collapsible (Reed et al., 1985). Measurements of differential
pressures across the palate and the hypopharynx revealed that the most common sites of

upper airway collapse were above and below the uvula. This finding indicated the site
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of obstruction 1s specific rather than involving the whole pharynx (Hudgel 1992). The
acoustic reflection technique has been used to evaluate dynamic airway collapsibility, so
called “effective compliance” which is defined as lung volume falls from functional
residual capacity (FRC) to a residual volume (RV) (Bradley et al., 1986). These
investigators found that patients with OSA displayed a greater decrease in their
pharyngeal cross-sectional area than did controls. This finding demonstrated that OSAS
subjects had excessive upper airway collapsibility. Another study showed OSA patients
had a more collapsible upper airway than control subjects. This study eliminated the
effect of active inspiration by applying a vacuum to the upper airway with the subjects
relaxed at functional residual capacity (Suratt et al., 1983). The elastic modulus of the
airway wall 1s affected by the elasticity of several structural elements. The mechanical
linkage between the air-conducting airway and the surrounding, extraluminal structures
is a potentially important interaction (Olson et al., 1988c). The effect of upper airway
muscle activity (which would surely be expected to influence upper airway
collapsibility) was not assessed in human studies. But in lightly anesthetized rabbits far
less suction pressure was required to collapse the upper airway after hypoglossal nerve
section than before nerve section {Brouillette, Thach 1979). Other studies also
demonstrated that reduction of upper airway muscle activity such as gentoglossus and
genichyoid was associated with airway obstruction during sleep (Remmers et al., 1978;
Mathew, Remmers 1984). Their observations indicate that the mechanical activity of the
muscles is instrumental in preventing upper airway collapse.

However, Strohl and Olson (1987) suggested that muscle activity alone does not

predominantly affect upper airway stability. The intrinsic elastic properties of the
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airway depend partly upon the contractile state of the muscle and partly upon its
associated structures (connective tissue, blood vessels, etc.). In contrast to Brouillette,
administration of gallamine to halt skeletal muscle activity in the apneic, anesthetized
rabbit produced little change in the airway closing pressure where as subsequent death
resulted in the airway being significantly easier to close (Olson, Strohl 1988b). The
action of the upper airway muscles cause changes in the airway size, not compliance of
the upper airway wall. In addition, Parsi et al., (1989) identified a 7% increase in
pharyngeal volume of normal human after local application of the vasoconstrictor.
These data suggests that blood volume changes may affect upper airway size and
collapsibility. Another nonmuscular factor, pharyngeal mucus, was identified to
potentiate and contribute to persistence of the upper airway closure. Saline solution
instillation into the upper airway did not produce this effect (Olson, Strohl 1988a).
Inspiratory Muscle Function

There have been several concepts proposed to address the role of the upper airway

muscles in inspiration.

Balance of Forces Theory
The concept that inspiratory muscle imbalance may occur is based on the findings

that upper and lower respiratory muscles respond quantitatively differently to the same
ventilatory stimulus (Strohl et al, 1986; Block et al., 1984).Because of this differential
activity, the upper airway may collapse when upper respiratory muscle activity
decreases relative to the activity of the chest wall muscles. On the other hand, the upper
arrway opens when upper respiratory muscle activity increases relative to that of the

chest wall muscles (Longobardo et al., 1982).
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Critical Pressure Concept
It is hypothesized that the pharynx has the same properties as a “starling resistor”

(Schwartz et al., 1989). In this model, upstream (nasal) and downstream
(hypopharyngeal) segments have fixed diameter and defined resistances. The
collapsible segment (mainly, the oropharynx) has no resistance but is subjected to
surrounding pressures (critical pressure). Collapse occurs only when the surrounding
pressures exceed intraluminal pressure by subatmospheric airway driving pressure
generated by chest wall muscle contraction. In OSA patients, the collapsing pressure
needed to close the upper airway is much lower than normal nonapneic subjects.
Periodic Breathing

It is hypothesized that the balance of electrical activity between the upper airway
and chest wall inspiratory muscles affects upper airway caliber. A low levels of CNS
neural efferent activity, an imbalance between the electrical activities of these two
inspiratory muscle group exists and results in decreased upper airway caliber. This
hypothesis was tested during periodic breathing induced by mild hypoxemia in NREM
sleep in nine healthy male subjects (Hudgel! et al., 1987). They concluded that the
nonlinear activation of upper airway and chest wall inspiratory muscles contributed to
fluctuations in upper airway resistance observed during periodic breathing. Another
study also demonstrated that OSA patients have a suppression of the major respiratory
muscles before an obstruction occurs. This suppression is in addition to involvement of
the tongue and pharyngeal tissues. The obstruction process appears to be closely related
to periodicities in arterial blood gases with consequent fluctuations in inspiratory motor

input (Martin et al., 1980).
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Another interesting variable that affects airway caliber is the timing of the
inspiratory activities of upper airway and chest wall muscles (Hudgel, Harasick 1990).
It has been demonstrated that inspiratory activity of the upper airway motor neurons
begins before the activity of the phrenic nerve, diaphragm and thorax. But in
obstructive sleep apnea patients the relative timing of inspiratory electrical activity of the
upper and lower respiratory muscles was closely correlated with breath-to-breath as
well as within breath changes in upper airway resistance. The exact mechanism of these
timing differences is uncertain but might be related to pontomedullary ventilatory
activity.

Reflexes and Upper Airway Caliber

Reflexes whose afferent limbs are located throughout the respiratory system may
alter upper airway caliber through action on respiratory muscle function (Hudgel 1992).
Those reflexes originate in the supralaryngeal airway, larynx or lungs and
cardiovascular system. The selective occurrence of OSA during topical oropharyngeal
anesthesia support the presence of an upper-airway-based reflex mechanism that
contributes to the maintenance of upper airway patency (McNicholas et al., 1987).
Other data indicate that topical anesthesia by 10% lidocaine spray and 0.25%
bupivacaine gargle increases the frequency of apnea and hypopnea in snorers but not
their duration (Chadwick et al., 1987, 1991). Lung (1987) demonstrated that an
increase in lung volume decreased nasal resistance via a vagal reflex. However, Fouke
and Strohl (1987) showed that changes in lung volume did not affect pharyngeal size in

anesthetized animals. The extent of the impact of reflex activity on the pathophysiologic
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manifestations of OSA has not yet been defined.
Upper Airway Anatomy

The upper airway includes the extrathoraic trachea, larynx, pharynx, mouth and
nose. On clinical examination, the majority of patients with OSA do not have pathologic
abnormalities of the upper airway. However, recent evidence indicates that OSAS
patients do have anatomic traits that predispose them to airway closure during sleep.
The functional result of this anatomic narrowing of the upper airway is an increase in
upper airway resistance. With a narrowed airway, greater pressure is required to
achieve the same airflow. Narrowing of the airway also leads to an increase in the
velocity of air passing through the site of narrowing (Bernoulli effect). Subatmospheric
intraluminal pressure during inspiration creates a positive transmural pressure which
tends to draw the walls of the airway inward. This narrowing force is normally
counteracted by the phasic inspiratory activation of the upper airway muscles resulting
1n an outward, dilating force. The net balance between these two forces is thought to
determine the patency of the upper airway. Normal subjects and OSA patients do not
develop upper airway closure during wakefulness because the net balance of the two
counteracting forces is outward. Given the normal changes in neural stimuli that occur
with sleep onset, a shift in the balance between these two forces results. During sleep,
the net balance of forces in normal subjects is still outward. Even with the onset of
REM sleep which further decreases upper airway muscle activity the net balance of
forces is outward. In contrast, when patients with OSA fall asleep, the net balance of
forces appears to be inward. Under these conditions, anything that acts locally reduce

the size of the lumen of the oropharynx and hypopharynx tends to promote occlusion of
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the pharyngeal airway. Three major anatomic and/or mechanical factors that act to
narrow the pharynx are transluminal pressure of the pharynx, structural encroachment
on the pharyngeal lumen, and mandibular alterations (Kuna, Rammers 1985). Each of
these alone may not produce pharyngeal airway closure, but acting together or in
concert with neural alterations, they may play a key role in airway occlusion. Multiple
diagnostic modalities have been used to investigate the upper airway geometry of OSA
subjects (Shepard et al., 1991). Different methodologies will be described with specific
findings and their clinical usefulness.
Fiberoptic Visualization

The nose should be carefully examined for septal deviation, polyps, and
narrowing with inspiratory collapse at the level of nasal valve. Direct visual inspection
of the oropharynx is often difficult due to anatomic limitation. Fiberoptic
pharyngoscopy solves this problem, permitting examination of the entire upper airway
with the mouth closed and muscles relaxed. It was reported that the retropalatal segment
of the upper airway was the dominant site of obstruction during sleep. The structures
involved in airway occlusion are the muscles of the velopharyngeal sphincter and the
tongue. The laryngeal airway was observed to be unobstructed throughout the cycle of
respiration and during apnea (DeBerry-Borowiecki et al., 1978). Many specific
pathologic conditions have been identified in individual patients as the primary cause of
OSA at the level of the hypopharynx (Sher 1990). Airway examination of twenty five
consecutive adult men with OSA demonstrated that the most common site of
obstruction was the oropharynx(76%), followed by the hypopharynx (11%), and

finally the larynx (2%). Thirty-six percent subjects demonstrated obstruction at more



than two sites (Wilms et al., 1982).
Fluoroscopy

{_ateral fluoroscopy in six OSA subjects showed that the obstruction always began
during mspiration when the soft palate touched the tongue and posterior pharyngeal
wall (Suratt et al., 1983). Somnofluoroscopy in the preoperative evaluation of patients
undergoing UPPP indicates that UPPP was more successful in OSA subjects in whom
maximum collapse was confined to the region above the midpoint of the body of the
second cervical vertebrae (C2)(67%) rather than below this level (9%) (Katsantonis,
Walsh 1986). Video fluoroscopy is an excellent method for determining the dynamic
changes that occur in the pharynx during ventilation in both the dorsal ventral and
caudal rostral planes. It also permits analysis of movements of the mandible and hyoid
bone, as these structures do not move laterally. But it exposes subjects to considerable
radiation and requires a radiology technician.
Acoustic Reflection Technique

As compared to fiberoptic pharyngoscopy , the acoustic technique 1s less
invasive, and more easily quantitated. It 1s also inexpensive, quick, harmless and easily
repeatable as compared to radiographic assessment. One of the major advantages of this
technique is its ability to provide a dynamic picture of the airway as area measurements
may be carried out as rapidly as five times per second. The disadvantages are that it is
not widely available, requires some degree of cooperation from the subject and would
be difficult to perform during sleep. This technique is based on an analysis of sound
waves that are launched from a loud speaker and travel along the wave tube into the

subjects airway, where they are reflected. From the difference in the two signais.
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changes in airway area are inferred as a function of distance from the recording
microphone. It was reported that patients with OSA appeared to have a smaller pharynx
than nonapneic patients, even when the measurements were performed in awake seated
subjects (Rivlin et al., 1984). Using this technique, it was concluded that snorers with
and without sleep apnea have smaller pharyngeal cross- sectional areas than nonsnorers
and that snorers with sleep apnea have a further decrease as lung volume falls. In other
words, nonapneic snorers have a “stiffer” pharynx that protects them from developing
complete pharyngeal occlusion during sleep (Bradley et al., 1986).

Computerized Tomography (CT)

The initial studies conducted using conventional CT documented that patient with
OSA had smaller minimum upper airway cross-sectional areas than nonobese control
subjects (Haponik et al., 1983). When weight matched, the smallest airway area in
OSA patients has been found in one study to be smaller (Kuna et al., 1988) and in
another not significantly different (Stauffer et al., 1987). Stauffer concluded that
increased inspiratory resistance to air flow in the naso-oropharynx is present during
wakefulness in overweight men with OSA. He further hypothesized that this increased
resistance is associated with disordered breathing during sleep even though CT was
unable to demonstrate that pharyngeal size at functional residual capacity (FRC) is
significantly different between patients and control subjects.

Conventional CT has been used to study the effect of nasal CPAP on upper
airway (UA) dimensions in patients with OSA, thin nonsnorers and obese weight-
matched snorers. Although all groups showed increases in UA dimensions in response

to nasal CPAP, the velopharyngeal segment was not as distensible in the OAS patients
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as it was in the control subjects (Kuna et al., 1988). The careful evaluation of the
variations in UA dimensions in twenty five OSA patients demonstrated that the lower
velopharynx (level 3) was found to be the smallest and most variable segment (55%
change) and the hard palate (level 4) was the most stable region (29%) (Shepard et al.,
1990). Changes in cross-sectional areas of greater than fifty percent were frequently
observed during quiet tidal breathing in these patients. In addition to providing excellent
anatomical detail of the airway and its surrounding structures, CT is easily quantitated,
noninvasive and requires no instrumentation or anesthesia of the UA that may alter its
physiologic behavior. Fast-CT is superior to conventional CT scanning in that the 50-
msec scan time permits dynamic imaging with reductions in radiation exposure. The
major disadvantages of CT are that the image is static, the cost is relatively high and the
radiation exposure entailed with this technology is also high.

Fast-CT combined with EMG was used to examine systematically the changes
that occur in UA size, collapsibility, and distensibility over the age range from twenty
two to seventy eight years in normal awake men (Burger et al., 1992). Unexpectedly,
minimal cross-sectional area at FRC and atmospheric pressure was larger in older age
group (7319 mm 2) than in the younger group(49+7 mm?). And the older age group
demonstrated greater EMG activity than did the younger age group in response to
negative UA pressure loading. They interpreted this phenomenon as increased
compensatory mechanism by anatomic enlargement and UA dilator muscle activity in
response to negative pressures in the older subjects. Preoperative awake CT of the UA
was performed on 60 consecutive patients with symptomatic sleep apnea to determine

the predictability of the soft tissue volumes before UPPP (Ryan et al., 1991). Patients
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who had a good response had a smaller oropharyngeal cross-sectional area, a smaller
upper airway volume, a smaller upper airway to tongue volume ratio, and a smaller
oropharynx to soft palate volume ratio. This finding appears to be consistent with
another report (Katsantonis, Walsh 1986). which show;d sixty seven percent of
patients had a successful response to UPPP when initial airway occlusion occurred in
the retropalatal, superior oropharynx.
Magnetic Resonance Imaging

MRI is the newest approach for investigating UA structure and mechanical
properties. MRI provides high-resolution images of the upper airway and is useful for
assessing conditions associated with increased tissue water content and fat
accumulation in the surrounding pharyngeal wall. A three-dimensional MRI study
reported that upper airway size is reduced in OSA and increases following chronic nasal
CPAP therapy.This increase may be due to resolution of upper airway edema (Ryan et
al., 1989). Preliminary studies utilizing advanced computer based image analysis
techniques have shown increases in lateral pharyngeal wall thickness and decreased
retropalatal cross-sectional area in patients with OSA compared with normal subjects
(Hoffman et al., 1989; Hoffman, Gefter 1990). A transverse and midsagittal MRI
study showed that there was no difference in cross-sectional area of normal subjects,
snorers and OSA patients. However, on transverse sections the pharyngeal cross-
sectional had an elliptic shape with the long axis oriented in the coronal plane in normal
subjects, where as in apneic and snoring patients the pharynx was circular or elliptic in
shape and had the long axis oriented in the sagittal plane. It is suggested that a change
in the pharyngeal cross sectional shape, secondary to a reduction in pharyngeal
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transverse diameter, may be related to the risk of developing sleep related disordered
breathing (Rodenstein et al., 1990).

Another MRI study also indicated that the area between the mandibular rami at the
level of soft palate is critically important in determining which subjects will develop
OSA (Eller et al., 1991). One of the most useful capabilities of MRI is its ability to
detect the presence of fat in the soft tissues. Exploiting this strength, excessive
deposition of fat around the UA in OSA patients was demonstrated compared to
weight-matched control subjects (Horner et al., 1989). Although only limited
information on MRI scanning of the UA is presently available, this technique has
significant advantages in that it is noninvasive, does not entail exposure to ionizing
radiation and can offer exquisite soft tissue contrast with the ability to image directly in
multiple planes. However, studies performed during sleep are, unfortunately, limited
by artifacts caused by snoring and an inability to monitor the field. As with CT
scanning, the high cost and long data acquisition time are additional factors that limit its
clinical use.

Cephalometric Radiography

Traditional cephalometric is used extensively in clinical orthodontics to quantify
skeletal and soft tissue dysplasia before and after treatment. Recently, cephalometric
radiography has been primarily used to evaluate the skeletal and to a lesser extent, the
soft tissue anatomy that defines the boundaries of the upper airway (UA) in patients
with OSA. The use of cephalometrics in the assessment of the airway has been
employed since 1954. Early studies examining the airway have focused on

measurements evaluating adenoids and the nasopharynx. In spite of highly complex
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pathophysiology to develop OSA, many investigators have concluded that the
craniofacial profile has important diagnostic value in both pre- and post-treatment
evaluation. It may also explain the familial link and prevalence of the syndrome by
tracing aberrant anatomic features. Cephalometric radiographs are taken in a
standardized position with the subject seated upright, teeth in occlusion, and eyes
directed forward in a natural head position so that gaze is parallel to the floor.
Conventional cephalometry orients the subjects soft tissue Frankfort Horizontal parallel
to the floor. Roentgenographic exposures are usually made at the end of expiration.
Specific cephalometric landmarks are used to measure linear distances or angular
relationships between carefully defined planes. The major disadvantage of
cephalometric radiography is that it produces a static two-dimensional image of a three
dimensional structure. In spite of this inherent limitation, cephalometric radiography is
still an accepted technique for quantitating craniofacial skeleton and morphology.

In a study to evaluate whether measurements obtained from lateral cephalometric
head films are accurate predictors of three-dimensional CT structures, the volume of the
tongue, nasopharynx, and soft palate were accurately predicted by their cross-sectional
areas, but not the volumes of the oropharynx and hypopharynx (Lowe ¢t al., 1992).
So, CT or MRI techniques appears to be superior to cephalometrics for calculations of
oropharyngeal and hypopharyngeal volume. Upright and supine cephalograms were
obtained in twenty OSA patients and ten asymptomatic control subjects to investigate
changes in upper airway size and GG muscle activity (Pae et al., 1994). Tongue cross-
sectional area increased 4.3% and oropharyngeal area decreases 36.5% when the OSA

patients changed their body position from upright to the supine. No changes were
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observed in tongue area, but soft palate thickness increased when the control subjects
changed from the upright to the supine position. Furthermore, oropharyngeal cross-
sectional area decreased 28.8% despite a 34% increase in resting GG EMG activity.
Posterior tongue pressure increased 17% with the change from upright to supine
position. They addressed the substantial effect of posture when assessing upper airway
size in the erect posture (conventional cephalography) and in the supine position
(computed tomography). On the other hand, a recent study suggested that anatomic
measurements made from awake supine position cephalometric radiographs revealed no
additional differences between OSAS and snoring subjects when compared to
measurements made on radiographs taken in the upright position (Pracharktam et al.,
1994) The most commonly measured cephalometric variables and their potential
impact on the risk of developing OSAS will be described.
Anterior cranial base

Some investigators have found that the anteroposterior dimension of the cranial
base (S-N) was significantly reduced in OSA patients compared to controls (Bacon et
al., 1988; Bacon et al., 1989; Andersson, Brattstrom 1991). They also reported a
strong correlation between the size of the pharynx and OSA. However, these findings
were not supported in other studies (Strelzow et al., 1988). Strelzow found no
significant difference in S-N and the angle made between the skull base and the FH
plane when comparing control and OSA groups. It was hypothesized that acute cranial
base flexion with an acute nasion-sella-basion angle reduced the pharyngeal space
occupied by soft tissues anchored on the skull in the OSA patients (Jamieson et al.,

1986). Teleologically, one would expect prognathism to develop as a result of this to
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maintain a good airway. On the other hand, there are conflicting reports regarding
cranial base flexion angle. Some authors reported no difference of this angle between
control and OSA subjects (Bacon et al., 1988, 1989; Lyberg et al., 1989a) but other
studies reported rather greater cranial base angle in OSA patients compared to controls
(Andersson, Brattstrom 1991; Strelzow et al., 1988).
Maxilla

Two studies have reported that patients with OSA exhibit a retroposition of the
maxilla and an elongated hard palate (DeBerry-Borowieck et al., 1988; Strelzow et al.,
1988). They suggested that a retropositioned maxilla with increased ANS-PNS
dimension places the already enlarged soft palate closer to the posterior pharyngeal wall
thereby significantly narrowing the passage between the nasopharynx and the
oropharynx. However, other studies showed that OSA patients had smaller hard palates
and normally positioned maxilla when compared to nonsnoring controls (Andersson,
Brattstrom 1991).
Pharynx

The bony dimensions of the pharynx have been reported to be smaller in QSA
subjects compared to control (Bacon et al., 1988, 1989; Lyberg et al., 1989a). It was
concluded that there was a strong tendency for posterior facial compression with
narrowing of the pharyngeal airway, vertical hyperdevelopment, and a shortening of
the cranial base (Bacon et al., 1988, 1989).
Mandible

Numerous studies have been conducted with regard to mandibular size, shape and

position. However, the anatomic importance of retrognathia is still debated. Mandibular
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retrognathism was demonstrated in six out of twenty five patients (24%) (Lyberg et al.,
1989a), six out of ten (60% )(Riley etal., 1983) and in six out of nine male patients
(70%) (Rivlin et al., 1984). The overall posterior displacement of the mandibular
symphysis, (which represents the skeletal support of the anterior pharyngeal wall and
depends on both mandibular size and position) was found to be highly significantin a
number of reports (Rivhin et al., 1984; Lowe et al., 1995; Andersson, Brattstrom 1991;
Jamieson et al., 1986). Nevertheless, other studies showed normal size and position of
the mandible (DeBerry-Borowiecki et al., 1988; Djupesland et al., 1987). Stll others
reported a retruded posttion of the chin wit identical anatomic length of the mandible
(Bacon et al., 1988, 1989; Lyberg et al., 198%a).
Hyoid bone

Studies have consistently found an inferiorly positioned hyoid bone when patients
with OSAS are compared to nonapneic snorers or nonsnoring controls (Strelzow etal.,
1988; DeBerry-Borowiecki et al., 1988; Lyberg et al., 1989a; Riley et al., 1983;
Gilleminault et al., 1984; Djupesland et al., 1987; Pae et al., 1994 Pracharktam et al.,
1994; Ferguson et al., 1995). Partinen et al., (1988) suggested that long mandibular
plane to hyoid bone (MP-H) distance and width of the posterior airway space (PAS)
(space behind the base of the tongue) were statistically significant predictors of elevated
RDL. The cephalometric variables were much less useful for predicting the frequency of
drops in Oz saturation below eighty percent Because BMI is the variable most highly
correlated with RDI, study populations can be subdivided based on this measure. For
example, the patient population can be subdivided into patients with clear anatomic

abnormalities and low BMI, patients with morbid obesity and few abnormal
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cephalometric measurements, and the largest group patients who have variably
increased BMI and abnormal cephalometric measurements. The results have given to
the concept that individuals with favorable craniofacial structures may tolerate massive
weight gain prior to the development of clinically significant UA obstruction. In
contrast, patients with abnormal skeletal structure, i.e. severe retrognathia, can develop
OSA even in the absence of obesity. The majority of patients usually have a
combination of obesity and abnormal craniofacial structures, which together contribute
to UA narrowing and the development of OSA.

A recent study supports the concept that OSA subjects with and without obesity
are likely to have a different pathogenesis (Tsuchiya et al., 1992). A sample of eight
four adult male patients with OSA were classified by a cluster analysis on the basis of
Al and BMI. One group consisted of patients with high Al and low BMI ratio and the
other group comprised patients with a low Al and high BMI ratio. A high Al was
related to a large skeletal anteroposterior discrepancy, a steep mandibular plane, and an
inferoanterior position of the hyoid bone. In the patients with a low Al and high BMI
ration, a high Al was related to a large tongue and a smail upper airway. In both
groups, BMI was the major contributor to Al. According to their results, it was
concluded that the skeletal mismatch group with the high Al/ low BMI could respond
well to the procedures that advance the mandible forward whereas weight reduction
and/or UPPP may better contribute to the improvement of OSA symptoms in patients
with atypical soft tissue abnormalities i.e. the low Al/ high BMI group. Regarding
skeletal morphology, the most outstanding feature was the more inferior position of the

hyoid bone in OSA patients.
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The hyoid bone was consistently located at the level of cervical vertebrae C4-C6,
compared with C3-C4 level in the controls (Djupesland et al., 1987). As the hyoid bone
serves as an anchorage for the tongue muscles, its position also partly determines the
position of the tongue. This means that more of the tongue mass is located in the
hypopharyngeal level in OSA patients and therefore the base of the tongue has a more
upright position. One interesting study showed that BMI, MP-H, PNS-P, and palate-
cervical vertebrae angulation failed to explain significantly more of the variation
associated with a in four percent oxygen desaturation dip rate than did neck size alone.
They suggested that this finding implied that these indices are secondary effects of
increases in neck mass rather than independently important etiologic factors (Davies,
Stradling 1990).

Soft palate size may also be an indirect marker of neck obesity. Sleep apnea
patients have fat deposits in the uvula which are absent from weight matched controls.
Furthermore, partial pharyngeal obstruction leads to snoring which leads to edema and
elongation of the uvula. The increase in MP-H may also be explained in several ways.
The increased hyoid to mandibular length and hard palate to cervical vertebrae angle
may be the result of a postural response by OSA patients to reduce upper airway
resistance by extending the head (Tallgren, Solow 1987). Another explanation holds
that some of the increase in MP-H seen in OSA patients results from a compensatory
response to airway narrowing. Dropping the hyoid bone draws the root of the tongue
down and out of the overcrowded pharynx (Rivlin et al.. 1984; Davies, Stradling
1990). A similar response was shown after surgical mandibular shortening when the

airway is narrowed resulting in a repositioning of the tongue (Wickwire et al., 1972;
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Sinclair, Proffit 1990).
Soft tissue structures

Knowledge of the site of airway obstruction is central to the understanding of the
pathogenesis of OSA syndrome. Many studies have shown that the length, width and
size of the soft palate in the sagittal dimension is increased in OSA patients (Bacon et
al., 1988, 1989, Strelzow et al., 1988, DeBerry-Borowiecki et al., 1988; Lyberg et al.,
1989a.b.; Riley et al., 1983; Gilleminault et al., 1984; Lowe et al., 1995). Lyberg et
al., (1989b). studied the oropharyngeal soft tissue profiles by cephalometric analysis in
twenty five OSA patients and ten controls. They found that due to increased length and
thickness, the area of the soft palate was about 1.7 times larger in the OSA patients and
occupied a larger portion of the pharyngeal area (39% vs 21%). Pharyngeal airway
spaces were measured generally in four sites; upper pharyngeal wall at the level of hard
palate, middle pharyngeal wall at the level of uvula tip, lower pharyngeal wall at the
level of vallecula and PAS (the minimal distance between the base of the tongue and the
posterior pharyngeal wall). In addition, sotne areas are measured to determine the
potential obstruction in the midsagittal plane of nasopharynx, oropharynx and
hypopharynx.

However, another study confirmed the narrower pharyngeal area in OSA patients
but found no significant difference in soft palate length or area between apneic and non-
apneic snorers (Pracharktam et al., 1994). Despite the obvious limitations of two-
dimensional method, cephalometric techniques have been used to evaluate the size of
the tongue and airway structures. Changes of the upper airway structures secondary to

a body position change from upright to supine in OSA patients appear to be different
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from that seen in symptom free controls (Pae et al., 1994). They found increases in the
cross-sectional area of the tongue and also an increase in the tongue mass as it settles
inferiorly in OSA patients in the supine position. They attributed these changes to the
effect of gravity (Crumley et al., 1987). In control subjects the tongue fell back into a
bunched-up position, and the actual tongue area was reduced. The superior posterior
airway was lengthened to keep the airway open. It was speculated that decreased or
poorly coordinated phasic activity, along with decreased tonic activity of the
genioglossus and hyoid muscles could be a crucial factor in pharyngeal obstruction.
Tonic activity of the upper airway muscles is directly related to the size of the airway,
especially in OSA patients. Upper airway dimensions may also be affected to a greater
degree by gravity because of GG muscle hypotonicity or heavier tongue (Pae et al.,
1994; Lowe et al., 1995).

In contrast, Pracharktam et al., (1994) failed to find significant changes in tongue
length or area when upright and supine cephalograms of OSAS and control subjects
were compared. They concluded that previously reported differences in upper airway
dimensions in the upright and supine position, may have related more to differences in
head and neck angulation and/or cephalometric technique errors.

Loss of tone in postural muscle is a characteristic feature of sieep. REM sleep is
associated with a further marked loss of muscle tone which is the result of active
inhibition of alpha and gamma spinal motorneurons (Sullivan et al., 1984). Normal
subjects have a reduction of tonic electro-myographic activity in the GG muscles during
NREM sleep but phasic inspiratory linked activity continues. However, during REM

sleep, all tonic activity disappears and phasic inspiratory activity occurs irregularly. If
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dilator activity is essential for airway patency, why doesn’t everyone occlude during
REM sleep? It is postulated that in normal subjects enough motor units are active
throughout REM to prevent occlusion. Alternatively, continued activity of
oropharyngeal dilator muscles other than the GG muscle may prevent occlusion during
REM sleep in non-apneic individuals. However, the loss of muscle tone 1s only one
factor in the etiology of obstructive apnea.

Enlargement of the tongue has been reported in OSA patients (Bacon et al., 1989;
Andersson. Brattstrom 1991; Tsuchiya et al., 1992; Pracharktam et al., 1994). In
contrast, Lyberg et al., (1989b) failed to identify an increased tongue length or area in
OSA patients but confirmed that a more inferiorly positioned hyoid bone apparently
placed the tongue in a more upright position with more of the tongue tissue at the
hypopharyngeal level than found in normals. Multiple diagnostic modalities have been
used to increase the understanding of the physiological behavior of the upper airway.
The information contributed by each method of assessment has been generally
complementary and led to an increased understanding of the underlying
pathophysiology for the individual OSA patient. With regard to the structural
narrowing of the UA in OSA subjects, it is important to note that none of the structural
aberrations observed by any of the diagnostic modalities supported a cause and effect
relationship between craniofacial morphology and of OSAS. Anatomic aberrations
contributing to the development of OSAS should be elevated carefully in conjunction
with pathophysiologic factors on the individual basis. Sullivan et al., (1984)
summarized current theories for pathophysiological mechanism of OSAS by a

combination of craniofacial features and muscle tone.
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1. A mechanically narrow airway requires increased suction pressure to
maintain inspiratory airflow; the suction pressure causes closure only during
inspiratory efforts during sleep when the upper airway muscle tone is
reduced. Thus airway occlusion is not dependent on abnormal loss of
muscle tone in sleep

2. A mechanically narrow airway which is totally dependent on continuing
muscle contraction of the dilator muscle for patency. The normal reduction
of muscle tone during sleep leads to occlusion. In contrast to theory 1, this
meodel does not require increased suction pressures to produce airway
occlusion.

3. Normal airway geometry with excessive loss of muscle tone during sleep,
leading to airway narrowing, increasing inspiratory suction pressures leads
to airway collapse.

4. Normal airway geometry, normal upper airway muscles and muscle tone,
but abnormal instability of respiratory control causing oscillations and
mismatching between diaphgram activity (and thus suction pressure) and
upper airway dilator muscles.

5. Abnormal reflex/motor response causing active upper airway muscle
constriction (e.g., triggering of a gaglike reflex).

Other Contributing Factors

Anthropometric Measurements
Obesity

Typical OSA patients are generally described to be overweight and to have a very
short, thick neck. However, severe OSAS has also been reported in normal weight
persons who have normal neck features (Cohn 1981). Moreover, sleep apnea can occur
in normal, asymptomatic subjects but with a strong male predominance and increased
severity in O2 desaturation for overweight men (Block et al., 1979). Browman et al.,
(1984) found only 40% of a large series of OSAS patients were obese. Although the
mechanism for improvement in OSA with weight loss has not been delineated, it is

possible that reductions in apnea severity are due to decreases in upper airway
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collapsibility (Harman et al., 1982). Many investigations have found a strong
correlation between obesity and the severity of OSA (Browman et al., 1984; Harman et
al., 1982; Suratt et al., 1987; Schwartz et al., 1991). It was postulated that weight loss
in apneic patients results in decreases in upper airway critical pressure (Pcrit) and that
these decreases are associated with reduction in apnea severity (Schwartz et al., 1991).
They suggested two possible explanations. One possibility is that the decrease of Pcrit
is due to structural alteration i.e. simple widening of the pharyngeal aperture after
weight loss (Suratt et al., 1987). Alternatively,the decreases in collapsibility with
weight loss were due to improved neuromuscular control of the pharynx. The latter was
also supported by the findings of enhanced preservation of pharyngeal cross-sectional
area with changes in lung volume in the apneic patients who lost weight (Rubenstein et
al., 1988).

Obesity and weight gain are associated with a variety of conditions detrimental to
health, well-being, and longevity. The main problem is that measures of relative weight
are unable to distinguish between adiposity , muscularity and edema. Skinfold
measurements are usually used as the criterion for evaluating the utility of various body
mass indices in estimating adiposity in adult and children. Revicki and Israel (1986)
conducted a study to examine the relationship between four different indices of body
mass, the weight-height ratio (w/h), Quetelet index (w/h2), Khosla-Lowe index (w/h3),
and Benn index (w/h to the P power, P=1.8993), and skinfolds thickness and
hydrostatic laboratory measures of body adiposity. Their results suggested that the
Benn index and the Quetelet index are equally valid estimates of body fat and meet the

criteria for a good body mass index (BMI) i.e., one that correlates minimally with
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height and maximally with weight.
Neck circumference and BMI

Katz et al., (1990) revealed that AHI correlates with the external neck
circumference , the body mass index, and the internal circumnference of the distal
pharynx. These three variables accounted for 39% of variability in AHI. They studied a
group of 123 patients referred because of snoring and suspected OSA. The external
neck circumference was measured at the level of the superior border of the cricothyroid
cartilage and internal neck circumference were calculated from the measurements of
pharyngeal, glottic and tracheal areas obtained by the acoustic reflection technique.
Their data showed that neck circumnference and the degree of obesity were important
predictors of sleep apnea. They speculated that the static pharyngeal size modulated by
the dynamic loading of the airway due to the weight of fatty tissue of the neck may
contribute to the pathogenesis of OSA.

One study was conducted to determine the effects of a mass load on upper airway
function in an animal mode! (Koenig, Thach 1988). The load was designed to simulate
the effect of increased cervical adipose tissue. They reported that endoscopy revealed
concentric narrowing of the pharynx during loading, upper airway resistance was
increased, and loading caused decreased airway stability as reflected by closing
pressure of the upper airway. Another report concluded that neck circumference
corrected for height is more useful as a predictor of obstructive sleep apnea than general
obesity (Davies et al., 1992). Davies also indicated that when neck circumferences
corrected for height is used as a diagnostic test, it may be up to 77% sensitive and 82%

specific for OSAS patients referred to a sleep clinic. However, this is not sufficiently
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sensitive or specific to circumvent the need for sleep studies in the diagnosis of the
disease. Another study was performed to test the hypothesis that for the same degree of
generalized obesity, patients with sleep apnea have more fat over the neck than over the
abdominal region (Hoffstein, Mateika 1992). Using apneic and nonapneic patients
matched, on BMI and age , apneic patients had significantly higher BMI, neck, and
abdominal circumferences when abdominal circumference were similar, the neck
circumference was significantly higher in apneic patients. They indicated that there are
fat deposits in the palatopharyngeal, glossopharyngeal and laryngopharyngeal airspace
and concluded that obese patients with sleep apnea have fatter necks than equally obese
nonapneic snorers.
Head form

Many of the anatomic changes described in people with OSA are even more
pronounced in brachycephalic dogs. The typical clinical characteristics were collectively
described as brachycephalic airway obstructive syndrome (Wykes 1991). The head
shape of brachycephalic breeds such as English bulldog, Pekingese , Pug, and Boston
terrier is caused by an inherited defect in the development of the bones at the base of the
skull (Harvy 1989). Typical anatomic features include an increased facial index, an
elongated soft palate (one hundred percent of affected brachycephalic dogs) stenotic
nares (fifty percent of the affected dogs), and everted laryngeal ventricles and/or
laryngeal collapse (thirty percent of affected dogs) and a shortened and distorted
nasopharynx. The clinical signs are similar to those found in humans with OSA;
respiratory distress, stridor, reduced exercise tolerance, noisy breathing and snoring,

cyanosis and collapse. Especially, brachycephalic skulls have a facial index more than



39

twice that of mesocephalic skulls (e.g., German Shepherd Dog type) and three times
that of dolichocephalic skulls (e.g., Collie type). The pattern of breathing was assessed
in nineteen brachycephalic dogs, using tidal breathing flow- volume loop analysis
(Amis & Kurpershoek 1986). They found that the shape of the dogs tidal breathing
flow-volume loop (TBFVL) was not the same as that considered normal for healthy
nonbrachycephalic dogs. They further noted that periodic breathing patterns occurred
that were characterized by multiple episodes of alternating hypopnea and arousal.
Interestingly, when brachycephalic dogs are anesthetized, they often develop severe
obstructive apnea and require immediate endotracheal intubation.

Genetic Influence

Many of the risk factors for OSA, i.e., craniofacial structure, obesity, alcohol
consumption, and ventilatory chemosensitivity may have a genetic basis.

The first well-documented case of familial obstructive sleep apnea was reported
by Strohl and associates. Strohl et al. (1978) reported a family with multiple male
relative with symptoms of hypersomnolence and nighttime restlessness in whom three
brother had repetitive obstructive and mixed apnea during sleep. In this family
diminished genioglossus electromyographic activity appeared to correlate with
respiratory abnormalities during sleep. Two brothers showed loss of tonic activity in
the tongue during non-REM sleep at times when upper airway occlusion developed.
This finding is clearly abnormal, since in healthy supine subjects loss of genioglossus
muscle activity only occurs during REM sleep. They concluded that changes in
genioglossus muscle activity suggest a genetic abnormality of respiratory muscle

control, a disorder known to cluster in families.
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The distribution of symptoms, physiologic responses, and upper airway structure
in ten members of one family spanning three generations of subjects with sleep apnea
was reported (El Bayadi et al., 1990). All subjects had sleep apnea. Their data showed
that all ten family members reported habitual snoring or nighttime gasping and
ventilatory responses to hypoxia were markedly reduced in five of the subjects studied.
Anatomically, no subjects demonstrated retrognathia but the posterior airway space was
reduced in three subjects. the mandibular to hyoid distance was increased in four
subjects and the two subjects with the longest soft palate with the most inferiorly
displaced hyoid had the most severe sleep disorder. Finally, they suggested that the
disorder may occur as a result of interaction between ventilatory control abnormalities
and anatomic risk factors consistent with an autosomal dominant mode of inheritance.

The role of inheritance in obstructive sleep apnea was assessed by quantitating the
degree of familial clustering of symptoms associated with sleep-related breathing
disorders (Redline et al., 1992). In fotal, 272 subjects from twenty nine families
identified through an index case with OSA and twenty one control families with no
relative known to have sleep apnea were studied with questionnaires that ascertained
health status and symptoms. Odds ratios of habitual or disruptive snoring, breathing
pauses, and excessive daytime sleepiness increased progressively for subjects with
increasing numbers of symptomatic relatives. Adjustment for body mass index, age and
gender modestly reduced these odds ratios to 1.33 from 1.42. They concluded that risk
appears to increase progressively with increasing numbers of affected relatives and is
not explained by familial similarities in weight, tobacco consumption, or recognized

nasal allergies. The significant clustering of symptoms within families further suggests
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the need for studies to elucidate the biologic and physiologic correlates of these
observations.
Sleep Position and Head Posture

In a sample of twenty normal healthy adults, the associations between cervical
lordosis, craniocervical inclination, position of the hyoid bone, and cross-sectional
dimensions of the pharyngeal airway were studied (Hellsing 1989). They reported that
change from natural head posture to twenty degrees extension resulted in an increases
in cervical lordosis and craniocervical inclination. Extending the head also significantly
increased hyoid to mandible distance. In addition, they also noted that the horizontal
cross-section of the free airway increased significantly at the level of second cervical
vertebrae and highly significantly at the fourth cervical vertebrae while there was only a
slight increases in the distance between the dorsal tongue surface and the posterior
pharyngeal wall.

Tallgren and Solow (1987) investigated relationships between hyoid bone
position , facial morphology and craniocervical posture in a dentate normal sample
ranging from young children to adults. They indicated that mean vertical distances from
hyoid to maxilla, the mandible and cervical column were significantly greater in the
older age groups. A large hyoid to mandibular plane distance was associated with a
larger mandibular inclination. The position of the hyoid in relation to the cervical
column showed more stability than the hyoid relationship to the maxilla and the
mandible, But the head position in relation to the cervical spine and the inclination of
the cervical column showed no significant differences between the groups. They

speculated that hyoid bone position is coordinated both with facial morphology and
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cervical posture and that a stable hyocervical relationship reflects the functional
demands for maintenance of airway patency. Compared to a reference group, the
sample of patients with OSA showed markedly larger cranio-cervical angulation and a
corresponding smaller cervical inclination to the horizontal plane (Solow et al., 1991).
The experimental sample comprised twenty mine males patients aged twenty eight to
seventy with polysomnographic diagnosis of OSA. Cephalometric radiographs were
taken in natural head posture (mirror position). Their findings suggested that changes in
the head posture change might be interpreted as a physiological adaptation to
maintaining airway adequacy. At the same time, the visual axis was maintained in its
original onentation in relation to the true vertical.

A relationship between head posture and facial development in growing subjects
has been demonstrated in a series of studies. Evidence exists to support the following
sequence of events:

1) Obstruction of the upper airway

2) Increase in the cranio-cervical angulation

3) The Soft tissue stretching

4) Vertical direction of facial development (Solow, Kreiborg 1977).

A cephalometric study of the effect of a posture change from the upright to supine
showed that tongue length was reduced by approximately the same amount is OSAS
and control subjects. However, the tongue cross-sectional area increased 4.3 % and the
size of the oropharynx decreased 36.5% in OSA subjects whereas no changes were
observed 1n tongue area and the oropharynx decreased only 28.8% in control subjects
(Pae et al., 1994).
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Yildirim et al., (1991) found somewhat different result without using the
cephalostats. They reported uvular thickening, widening of the retro-glossal
hypopharynx, anterior movement of hyoid bone, in both normal subjects and paticnts,
and significant narrowing of the retropalatal airway in the OSA patents in the supine
position. They also suggested that possible contributing factors included neck flexon,
gravity, and alteration in upper airway reflexes.

Hoffstein and collcagues (1991b) reported an interesting result. They reported that
AHI had to be greater than forty in apneic snorers before there was a sigmificant
difference in airway diameter at the tip of the palate and lcm distal to it compared to the
nonapneic snorers. They also indicated that the retropalatal distance and airway
diameter in thus area were significant predictors of snoring, but not apnea. They
concluded that airway diameters account for some of the varability in snoring but they
do not differentiate between apneic and nonapneic snorers.

Sleep position adjustment may be a viable treatment for some nonobese sleep
apnea patients (Cartwright 1984). Slecp apnea severity was f ound to be twice as high
during the time spent sieep on their backs as it was when they slept in the side ;?osition
for twenty four males OSA patients of more than five AHI. In accordance with this
report, 1t was suggested that a treatment based on changing sleep position might be
effective selectively for poor sleepers with OSA who were close ideal body weight
(Cartwright et al., 1985). The most commonly employed devices for sleep position
training are a gravity-activated position monitor alarm on the chest, a pillow aftached to
the sleepers back by a belt around the waist or a tennis ball sewn into the pajarna top at

the mid back level. Many patients with severe sleep apnea of the OSA were reported to
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adopt strange sleep positions such as upright in a chair or even kneeling beside the bed

to avoid the back sleep posture (Yildirim et al., 1991).

Treatment Modalities for OSA

Obstructive sleep apnea remains a therapeutic challenge, despite growing

knowledge of the pathophysiology of the disease and the development of new treatment

modalities. The determinants of airway patency during sleep are multifactorial.

Therefore, treatment modalities which address single factors such as anatomical

anomalies are not uniformly beneficial. The current treatment modalities are categorized

into conservative (or nonsurgical) and surgical approaches (Maniglia 1993; Strohl et

al., 1986; Brooks 1993; Olson, Strohl 1986).

Westbrook (1990) summarized the medical management of OSAS as follows:

1) Things to Avoid

All patients with OSA should avoid alcohol and other central nervous
system depressants. Alcohol has been shown to be a powerful muscle
relaxant and hypnotic that demonstrably makes sleep apnea worse.
Narcotics for pain and anesthetics, reserpine which may cause nasal
congestion propranolol, testosterone, environmental nasal irritants,
smoking and high calorie intake should be avoided.

2) Positional Therapy

In many patients with sleep apnea, the disordered breathing occurs
only when they are on their backs and disappears in all other positions. In
these patients, positional therapy can be helpful. But in individuals with
severe hypersomnolence, clinicians need to be more aggressive in treatment,
even when the apneas are just positional (Cartwright et al., 1991; Aubert

1992).

3) Pharmacological Treatment

A variety of other drugs have been tried for sleep apnea with limited
success (Strohl et al.,1986). The drugs that have been used fall into three
general categories: those increasing upper airway patency (such as nasal
sprays), those with respiratory-stimulating effects (such as acetazolamide, or
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progesterone) and those with more neuroactive effects (such as
antidepressants). Nasal decongestants and steroid sprays can be effective in
a few cases, especially in those patients who develop OSA as part of a
seasonal rhinitis. Protriptyline is probably the most widely used drug
because of their pharmacologic action in suppressing REM sleep during
which the longest and most severe desaturations are likely to occur. Of the
twenty one patients who received medication for a period of three to fourteen
months, four had a moderate improvement of sleep apnea while the
remaining did not improve at all. In addition, the medication was
discontinued because of poor compliance and anticholinergic side effects
(Katsantonis et al.,1988). Progesterone, a potent respiratory stimulant, may
be beneficial in certain patients with obesity/ hypoventilation syndrome.
Nicotine seems to stimulate upper airway dilating muscles more than
diaphragm muscle activity. Acetazoamide, which produces a metabolic
acidosis, is most useful in central apneas of the periodic type. Strychnine did
increase pharyngeal dilator muscle activity but is unlikely to be approved for
clinical use. Supplemental oxygen usually just lengthens apneas, but it can
ameliorate some of the severe desaturations especially during REM sleep.
Compared with air administration, supplemental oxygen reduced the overall
number of apneas, but there was a disproportionate decrease in central
apneas while obstructive apneas increased (Strohl et al., 1986).

4) Nasal Continuous Positive Airway Pressure (Nasal CPAP)

Nasal CPAP was first introduced by Sullivan et al., in 1981. It
provides for a “pneumatic splinting” of the upper airway thus preventing
upper airway collapse during sleep. CPAP is the only treatment that
challenges tracheostomy in effectiveness. It eliminates obstructive apneas in
more than 99% of the patients who can tolerate the device (Westbrook
1990). The effectiveness of CPAP is dependent on the degree of positive
pressure applied to the upper airway. CPAP is also known to be effective in
the treatment of central sleep apnea, which strongly indicated that the same
pathophysiologic processes may cause both disorders (Olson, Strohl 1986).

However, some patients cannot tolerate nasal CPAP.Reasons include
claustrophobia, a feeling of suffocation, nasal drying or rhinitis, ear pain,

" and conjunctivitis. Short-term compliance was reported at approximately
90% (Westbrook 1990), 95% (Strohl et al., 1986) and 100 out of 138
patients (Katsantonis et al., 1988). But long-term compliance is much
lower, 66% (Westbrook, 1990) or 53%(Katsantonis et al., 1988)and 65 to
70% (Stokes-Dickens A et al., 1989). However, CPAP is currently
considered the treatment of choice for most patients with OSA syndrome
because it has a very low risk, a relatively low cost, can be used
diagnostically and oxygen can be easily added.

5) Dental Devices
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It seems to be natural that dental devices are being promoted as a
treatment alternative to surgical approaches or noncompliant CPAP subjects.
The rationale for designing dental devices for treatment of OSA can be
divided into three categories. The first type is designed to reposition the
tongue slightly forward by means of negative pressure applied to the lingual
compartment of the device (Cartwright et al., 1982, 1988). The second type
is designed to lift the elongated soft palate or reposition the uvula
(Adjustable soft palate lifter, Equalizer; Haze 1987). The rationale for this
type is to reduce the vibration of the soft palate which causes the snoring
sound. The third type is designed to position the mandible forward
(Nocturnal airway-patency appliance; George PT 1987 Soll BA, George PT,
1985) (Snoreguard; Schmidt-Nowara WW et al.,1991) (Herbst; Pancherz,
1985; Rider EA 1988) mandibular repositioner (Jasper Jumper, Snoar;
Knudson et al., 1992,1993; Bonham PE, 1988). The rationale for this
movement is that the tongue is attached to the genial tubercles of the
mandible and positioning the mandible forward moves the tongue forward.
These mandibular repositioning appliances also change hyoid bone position
and modify the lower airway space below the level of the base of the tongue.

Bonham and colleagues (1988) combined the use of cephalometrics
and overnight polysomnographic monitoring to analyze the effects of a
modified functional appliance on airway, sleep, and respiratory variables in
patients with OSA. The mean vertical and horizontal changes in mandibular
position while wearing the appliance were 8.49 mm and 2.28 mm
respectively. The findings indicate that ten of twelve patients showed
marked improvement in complete airway obstruction and it is attributed to
the effect of the appliance on the oropharyngeal structure. Their data
demonstrated that a mean increase of 2.76 mm was observed in the superior
airway space when the appliance was worn. They also noted that the initial
superior-anterior airway space was strongly correlated to a change in RDI
score when the appliance was worn (r2= 0.83).

A dental orthosis, designed to increase the size of the upper airway by
advancing the mandible (edge to edge relationship horizontally, a 9mm
opening vertically) was used in sixty eight OSA patients (Schmidt-Nowara
WW et al., 1991). They reported a 75% acceptance rate with 42% of
. subjects showing on improvement in RDI score. Sleep disturbance
improvement from 44% to 10% of non REM were reported. Interestingly, in
fifty patients mandibular advancement sufficient to align the incisors
produced on increase of posterior airway space (PAS) of 2.3 mm measured
on the lateral cephalometric radiograph whereas eighteen patients did not
demonstrate an increase in PAS on the cephalogram. They also noted side
effects of the appliance such as increased salivation, discomfort of the teeth
and gums, and one case of prolonged pain in the temporomandibular joint.

A plastic MAS(Mandibular Advancement Splint) was made for each
subject from dental impressions to advance the mandible anteriorly up to
75% of full protrusion (O’ Sullivan et al., 1993). Total sleep time, sleep
efficiency, % REM sleep, and % sleep spent supine were similar with and
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without MAS. MAS was associated with significant improvement in OSA
and arterial oxygen saturation. They also reported there was symptomatic
improvement in snoring in more than 80% of the patients. Clark et al.,
(1993) reported the prospective study results of using a two piece removable
Herbst appliance in OSA patients. They found that 58% of the subjects
improved their RDI score after three months and 52 % of the original
subjects were still using the appliance successfully after three years. Another
interesting project was conducted by the Sjoholm group (1994). They
compared a modified Herbst appliance (mHA) to a muscle relaxation
appliance (MR) on nocturnal breathing and body movement activity in OSA
patients. The mHA was adjusted to anchor the mandible at 50 % of
maximum protrusion and the MR covered an occlusal surfaces but did not
protrude the mandible. The mHA showed significant improvement in
oxygen desaturation and sleep body movement but not sufficient for
acceptable control of sleep apnea. On the other hand, MR did not lead to a
significant improvement in sleep quality but did partially reduce upper
airway obstruction.

Step-wise regression of baseline polysomnographic and cephalometric
values allowed formation of an equation predicting AHI after appliance
therapy (Eveloff et al., 1994). Comparison of pre-and postireatment
cephalometric values revealed no significant change in posterior airway
space (PAS) despite a reduction in mean AHI In addition, the baseline MP-
H was found to be significant shorter in the responders than in
nonresponders and MP-H after mandibular advancement was likewise
shorter in responders compared to nonresponders. The soft palate length
(PNS-P) was significantly shorter in responders after treatment whereas
baseline PNS-P was not different between the two groups.

A recent study conducted by Yoshida (1994) showed that subjects
using the Esmarch sleep apnea appliance showed average decrease in Al of
58.2%. The diagnostic casts and cephalometric analyses revealed that the
device was most effective for patients who exhibit a tendency toward
micrognathia with a short soft palate. Another study indicated that subjects
with large tongues tend to get tongue retaining devices and patients with
obvious retrognathic mandibles tend to get mandibular advancement
appliances (Lowe AA 1993).

Even though many case reports and case series have provided with
their promising preliminary results, we cannot predict with a significant
degree of accuracy the potential success of any one dental appliances.

6) Surgical Modalities

A number of surgical procedures have been proposed to eliminate sites
of narrowing in the upper airway.

a) Tracheostomy Tracheostomy was first shown in the 1960s to
eliminate most of the respiratory disturbances of sleep apnea by bypassing
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the site of obstruction during sleep. However, because of short and long-
term complications and the obvious adverse psychosocial influence,
tracheostomy is reserved only for the most severe of the OSA patients.
Granulation tissue growth, periodic episodes of upper respiratory infection
with bronchitis, speech and exercise disturbances are the most common
complaints (Koopman, Moran 1990b)

b) Adenoidectomy and/or tonsillectomy Adenotonsillectomy remains
the oldest and most common means of treating OSA in children. It is
effective in as many as 90% of patient without craniofacial or neurological
abnormalities (Brooks LJ 1993). It has also been also shown that
obstructive sleep apneas may persist after surgery but their frequency is
greatly diminished. Simple tonsillectomy may not be uniformly effective.

¢} UPPP Extensive surgical excision of soft tissue in the oropharynx,
termed uvulopalatopharyngoplasty, is currently being performed for sleep
apnea in many places. It was introduced by Fujita in 1981. Fujita’s
guidelines for selecting patients for UPPP without tracheostomy are

1) Apnea index less than fifty per hour of sleep

2) Lowest oxygen saturation above fifty percent

3) No significant abnormalities on electrocardiogram

4) No significant cardiopulmonary complications (Koopman,
Moran, 1990).

A recent study of long-term success of UPPP after five years
demonstrated that more than 80% of all cases had subjective symptomatic
improvement but the actual RDI results were significantly worse ( Lu et al.,
1995 ). Potential complications of the procedure include speech and
swallowing difficulties and regurgitation of food.

d) Maxillary, mandibular and hyoid advancement The combined Le

Fort I osteotomy and sagittal split osteotomy is the standard surgical
procedure for advancing the maxilla and mandible. The range of maxillary
advancement was 4-8 mm and the range of a mandibular advancement was
12-24 mm with a mean of 16 mm (Riley et al., 1987, 1990). They
recommended that the surgery would be successful for patients who have an
obstruction at the base of tongue and meet one of the following criteria : 1)
patients with normal skeletal development and severe OSAS (RDI> 50,
oxygen desaturation < 70%): 2) morbidly obese patients: 3) patients with
significant skeletal deficiencies (SNB< 74 degrees); and 4) patients who
have failed other treatment.

An interesting study evaluated the effect of orthognathic surgery in
treating OSA (Waite et al., 1989). Surgical success (respiratory disturbance
index less than 10) with maxillomandibular advancement was reported to be
65% and the total desaturations below 90% greatly decreased. Moreover, the
posterior airway space (PAS) consistently increased with these surgical
procedures. Interestingly, the increases in PAS did not always correlate with
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remissions in sleep apnea. Hyoid position after surgery was also variable
and did not correlate with success (Waite et al., 1989).

e) Hyoid myotomy and suspension. Many OSA patients are in their
fifth and sixth decade of life and are not interested in orthodontics and

orthognathic surgery. This has led to a development of a procedure that
allows isolated advancement of the genial tubercle and genioglossus muscle.
The sternohyoid, thyrohyoid and omohyoid muscles are sectioned. Strips of
fascia harvested from thigh or temporalis area are then attached to the body
of the hyoid (Riley et al., 1987, 1989, 1990). Fifth-five patients with OSA
who had hyoid myotomy and suspension were evaluated (Riley et al.,
1989). Successful treatment was defined as at least a fifty percent reduction
in the number of respiratory events as well as a postoperative RDI less than
twenty. Sixty seven percent had a good response and the mean SNB angle
of the nonresponders and responders were 75.5 and 81.0 degree
respectively. They concluded that the best candidates for hyoid myotomy are
those with normal skeletal development, moderate OSAS (RDI less than
fifty, oxygen desaturation not less than seventy percent) and who are less
than ten percent over ideal body weight.

) Base-of-tongue resection Verbal reports of excision of portions of
the base of the tongue in the midline with either electrocautery or carbon
dioxide laser have been encouraging. A wedge resection of the base of
tongue approximately 2 to 3 cm long, 2 cm deep and 2 to 3 cm wide may be
performed. The risks here include injury to the lingual arteries or the
hypoglossal nerve (Koopmann, Moran, 1990). Adaptation occurring after
an operative procedure might result in restoration of the airway to its original
shape and size. Little is known of the coupling between muscle activity and
airway size so that failure to maintain an adequate airway over time may be
influenced by both static (elastic) and dynamic (muscular) factors.

Although there has been significant research on OSAS, there are only two studies
that attempted to use the discriminant analysis to identify anthropometric and
cephalometric variables which can distinguish OSAS subjects from nonapneic snorers.
To our knowledge, the first study was conducted by Bacon and colleagues in 1989.
This group reported that four variables entered the stepwise discriminant analysis. The
variables in rank order of importance were soft palate length, upper face length, anterior
cranial base length and lower face height. The jackknifed classification showed that

ninety three percent of the population could be correctly classified using these four
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variables. But, in this study, the two groups were not matched for weight and age and
they used normal healthy dental students as the control group.

A recent study conducted by the Craniofacial Research Group, Department of
Orthodontics, Case Western Reserve University, Cleveland, Ohio in 1996 (Hans et al.,
1996) used two groups of sixty individuals with a history of loud snoring. One group
had significant apneic activity and the other did not. These investigations show thata
Craniofacial Risk Index (CRI) was able to correctly classify forty eight of the sixty
nonapneic snoring subjects (80%) and forty nine of the sixty apneic subjects (82%)
when fourteen vanables were used in the discriminant model. Using four variables
selected by stepwise regression (age, BMI, hyoid mandibular plane distance, and
tongue length) forty six of the sixty nonapneic snorers (77%) and forty seven of the
sixty apneic snorers (78%) were correctly classified. In addition, seven variables
(cervical vertebrae-SN, BMI, hyoid to mandibular plane distance, tongue area, the ratio
of tongue area to intermaxillary area, intermaxillary length, and tongue length) were
found to be significanily different between apneic and nonapneic groups.

A qualitative and quantitative analysis of the literature was performed to examine
the foundation for any relationship between craniofacial structure and OSAS (Miles et
al., 1996). This literature search identified thirty two review articles, sixteen case
reports, and ninety five sample studies from a total of 267 articles (254 published and
thirteen unpublished). The most consistent and strongest effect sizes (i.e., those with
the highest diagnostic accuracies) were found for mandibular plane to hyoid bone
position, mandibular plane angle and mandibular body length. However, the authors

concluded that evidence for a direct causal relationship between craniofacial structure
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and OSAS is unsupported by the literature. These authors also recommended that
research methods and data presentation be standardized. The authors also recommended
that valid definitions of treatment success as well as for normal respiration, sleep
disordered breathing (SDB), and overt OSAS need to be established.

Although there have been numerous studies on OSAS during the past decade, age
specific diagnostic critena have not been established. For example, are commonly used
adult criteria for OSA, which are based on the number of complete obstructive apnea
(OA) episodes per hour, useful to identify children with serious sleep-related upper
airway obstruction? Rosen et al., (1992) examined eleven children who had clinical
evidence for obstruction during sleep and physiologic evidence of impaired gas
exchange. Only three of 111 severe desaturations were associated with complete
obstructive apnea (OA) defined as absence of arflow with continued respiratory efforts
for more than ten seconds. And only 55 of 1795 (3%) moderate desaturation episodes
were associated with comptete OA episodes. They suggested that criteria based on
quantitative O, saturation data may be a better index of the presence and seventy of
upper airway obstruction in children.

In another study, Slutsky and Strohl (1980) suggested that because current
analyses-of episodic hypoxemia use methods that present only a segment of the O
profile overtime, comparison of oxygenation within and among subjects may be
misleading. They quantified oxygen desaturation by using a special digitizer to convert
analog data recorded on strip charts to the corresponding X and Y coordinates. They
also suggested that this method may be useful to understand the effects of intermittent

hypoxia by providing an accurate method of quantfication.
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All night polysomnography, the most reliable method for diagnosis, is time-
consuming and costly and thus not suitable for large population based studies. Scharf et
al., (1990) evaiuated the use of self-administered questionnaires and short sleep studies
to screen for sleep-disordered breathing (SDB) in forty hypertensive men ages 36-66
unselected for symptoms. The subjects eventually underwent overnight
polysomnography to determine their apnea-hypopnea index {AHI) and the percentage
of time during which arterial O, saturation was less than 90% (T90). They found that
there were no features of the symptom questionnaire that strongly predicted AHI and

only self-reported snoring and baseline arterial PO, significantly predicted T90. But

they also found that AHI was not a major determinant of nocturnal desaturation and the
AHI and T90 were not significantly correlated. Of the particular interest was the finding
that seven patients exhibited a T90210% but had a normal AHI (<10). Others have also
reported on patients with nocturnal hypoxemia unexplained by nocturnal apnea
(Harman et al., 1981: Block et al., 1979; Findley et al., 1985). Other mechanisms,
e.g., obesity or subclinical congestive failure, were considered to be responsible for
hypoxemia in some of these patients. Because of the possible effects of REM sleep
upon ventilation investigators have compared apnea length and arterial oxyhemoglobin
saturation during REM and non-REM sleep. Findley et al., (1985) studied twelve
patients with obstructive sleep apnea and measured four important variables of sleep-
related breathing. The variables were: Mean Apnea Duration (MAD), total number of
desaturation episodes per hour of sleep (oxygen saturation falls more than 4 %) or
oxygen desaturation index (ODI), Mean Maximum Desaturations per episode or Mean

Lowest Desaturation, and Sa0,-50 (the oxyhemoglobin saturation level below which a



53

patient spends fifty percent of the total sleep time). They concluded that sleep apneas
are longer during REM sleep than non-REM sleep in patients with obstructive sleep
apnea and hypoxemia is greater during REM sleep than non-REM sleep in subjects
with, and without, sleep apnea syndrome.

An interesting study was conducted by Partinen and his colleagues (1988) to
determine the respective impact of a well-defined set of cephalometric measurerents
and body mass index (BMI) on RDI and another index that measures oxygen saturation
(Sa0,) drops below 80% that occur during nocturnal sleep (O2-80-1). Their study
indicated that BMI was highly correlated with both RDI and O»-80-1. BMI always had
a much larger coefficient than any of the cephalometric variables. Posterior airway
space (PAS) was found to be correlated with RDI but not with oxygen desaturation.
This study analyzed only obstructive sleep apnea patients whose average RDI score
was 51.1%+ 28.6. In addition, they used on arbitrary level of desaturation (i.e., 80%) to
estimate the physiologic impact of apneic events.

The goal of the present study is to correlate cephalometric findings to physiologic
sleep measurements other than RDI. We plan to evaluate the relationship among
fourteen cephalometric variables, three anthropometric measures, and BMI with respect
to longest apnea, longest hypopnea, etc. The results of this study should expand our

understanding of the role of anatomic factors in SDB.



STATEMENT OF THESIS

The purpose of the present study is to test a hypothesis that some craniofacial
risk factors are associated with upper airway obstruction and apneic activity during
sleep. Multiple regression analyses will be employed to develop a prediction model
using fourteen cephalometric and three anthropometric measurements as
independent variables and nine physiologic measurements as dependent variables.

Specific aims of the present study are to determine if:

1. craniofacial risk factors can predict specific physiologic measurements
such as lowest O saturation and longest duration of apnea.

2. a subset of the craniofacial variables is more important in predicting
different physiologic variables of sleep disordered breathing.

The respective role of cephalometric risk factors in predicting physiologic
variables of sleep may be useful in understanding the pathogenesis of OSAS and in

deciding treatment strategy.
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METHODS AND MATERIALS

Study Population
The study population consisted of 186 habitual snorers (mean age: 46.04 years,

SD: 10.44, range: 25 to 65 years), recruited as part of an ongoing study to develop and
test a craniofacial risk index. Subjects were identified through two local area hospital
sleep centers (the Division of Pulmonary and Critical care, Department of Medicine,
University Hospitals of Cleveland or the Department of neurology, University
Hospitals of Cleveland and the Sleep Disorders Center of Veteran’s Administration
Hospital of Cleveland) and through advertisement.

Selection was limited to the subjects being healthy and free of medical problems
such as major psychiatric disease, renal failure, heart failure, and pulmonary disease
requiring continuous oxygen. Habitual snoring was identified through subjective report
of the problem from the subject, spouse or the bed partner.

Collection of Data
Polysomnographic Data

One hundred seventy one of the subjects had one night recording of unattended
home-monitoring sleep study (Edentrace 2, Edentec Corp, Eden Prairie, MN) to assess
abnormalities in breathing and gas exchange. The variables monitored by this portable
device were heart rate, chest wall impedance, oral and nasal airflow, oxygen saturation,
sleep position and snoring. Home sleep monitoring has a correlation of 0.96 with

standard laboratory polysomnographic procedures at the hospital (Redline et al., 1991).

55



56

An apnea was defined as complete cessation of airflow with some chest wall impedance
accompamned by a 2.5% fall 1n oxygen saturation for at least 10 seconds or longer. An
hypopnea was defined as a 50% reduction in airflow compared with baseline,
associated with a 2.5% fall in oxygen saturation for at least 10 seconds or longer. The
respiratory disturbance index (RDI) was calculated as the total number of apneas and
hypopneas divided by the total sleep time in hours. At least six-hours of nocturnal sieep
was required for calculating the RDIL.

Standard overnight polysomnographic study was performed on fifteen subjects at
University Hospitals. Studies included oronasal airflow measured with thermistor,
respiratory effort assessed by surface chest wall and abdominal electromyography,
arterial saturation assessed by finger pulse oximeter (Nellcor N-200 pulse Oximeter®,
Nellcor Inc., CA), and sleep stages evaluated by electroencephalography (EEG),
electrooculography (EOG), electrocardiography (ECG) and submental and tibial
electromyography (EMG). Recordings were obtained with a polygraph (Grass Model
78 Research Polysomnograph, Grass Instrument Co. MA).

The physiologic measurements recorded by both the 1n-home and hospital based
monitors included baseline oxygen sat, lowest oXygen saturation, average oxygen
saturation, longest apnea duration, average apnea duration, longest hypopnea duration
and average hypopnea duration.

Anthropometric Data

Body Mass Index (BMI) was calculated as the weight in kilograms divided by

height in meters squared. The mean BMI for the entire sample was 30.98+7.58 with a

range of 17.23 to 66.46 (kg/m2).



57

The subject’s head was measured using spreading calipers according to standard
anthropometric methods. Classification of head form (Brachycephaly, Mesocephaly, or
Dolichocephaly) was done by using the cranial index (ratio between cranial width and
cranial length). Classification of facial type (Euryprosopic, Mesoprosopic, or
Leptoprosopic) was obtained by calculating the ratio of bizygomatic width measured
from the frontal radiograph to facial height measured from the lateral radiograph
according to Montagu (1960). The ratio of cranial index to facial index was obtained by
dividing the cranial index by the facial index {CI-FI}.

Cephalometric Data

Lateral and frontal cephalograms were taken using natural head posture in an
upright, seated position, at the end of expiration phase, with the teeth together in centric
occlusion, and without swallowing. Natural Head Posture (NHP) was determined by
having the subject look 1nto his/her own eyes in a mirror located at the same level as
his/her pupiis (Moorrees, Kean 1958).

Natural head posture was recorded as an angle between the soft tissue Frankfort
line and the true honizontal line obtained by a fluid level device with a metallic line
(Showfety et al., 1983). The subject repeated the natural head posture several times and
the most reproducible posture was recorded as NHP. Cephalograms were also taken at
this position. To enhance the soft tissue outlines, each subject swallowed a tablespoon
of contrast medium (Barium Sulfate Esophageal Cream, Rorer Pharmaceutical Corp.)
that coated the dorsum of the tongue, the hard and soft palate and the pharyngeal wall.

All cephalograms were traced and digitized by an investigator blinded to the

subject’s apneic status. Tracings were done on 0.003 inch matte acetate paper (Masel,
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Bristol, PA) with 0.3mm H lead pencil. All linear and angular measurements were
computed using Dentofacial Planner® (Dentofacial sof tware, Toronto, Canada) and area
measurements were obtained by using a customized software program (Geo Calc®,
Drs. John Blank, Robert Mensforth, Cleveland State University).

A total of fourteen conventional linear and angular measurements were selected
based on the literature and on previous work done at CWRU (Figure 2-5, Glossary).
These measurements were Basin to Sella Nasion (BaSN), Cervical Vertebrae to SN
(C2C4SN), A-point to Posterior Nasal Spine (A-PNS), Hyoid to Mandibular Plane
Distance (H-MP), Intermaxillary Length (Int.Mx.Lth), Soft palate Length (P-PNS),
Posterior Nasal Spine to Basin (PNS-Ba), Superior Posterior Airway Space (Phw-
Psp), angle between Frankfort and True Horizontal (FH-Hor), and tongue length (TL).
Two measurements from the Counterpart Analysis of Enlow et al., (1971) were also
used to analyze cranial base alignment (MCF) and ramus width relative to cranial base
(RAM-MCF) (Figure 3, 4). The counterpart analysis is based on an individual’s own
anatomical features and compares different anatomic parts with each other to identify
areas of compensation or imbalance.

The relative space occupied by the tongue within the skeletal framework was
calculated by taking the ratio of the tongue area (T-area) to the intermaxillary space
(Int.Mx. area) in the sagittal plane (Vig, Cohen 1974) (Figure 5).

Statistical Analysis
Descriptive Statistics
Means, standard deviations and ranges were calculated for all continuous

independent variables. Distributions for age, race, sex and RDI were also described.
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Comparison of Equality of the Means

The Student’s i-tests were used for comparison of equality of the means between

apneic and nonapnetc groups. The t-tests were helpful to describe trends in the data.
Correlation Coefficients

Linear correlation was computed in order to determine the strength of the

associations among independent and dependent variables.
Multiple Regression Analysis

All measures were treated as continuous variables. Nine dependent variables were
used. These included baseline oxygen saturation, O, difference 1 (difference between
baseline oxygen saturation and lowest oxygen saturation ), O, difference 2 (difference
between baseline oxygen saturation and average oxygen saturation), lowest oxygen
saturation, average oxygen saturation, longest apnea duration, average apnea duration ,
longest hypopnea duration, average hypopnea duration. The independent variables
included the 14 cephalometric and 3 anthropometric measurements.

A forced-all regression model was used to define the contnbution of craniofacial
risk factors in explaining individual physiologic variables duning sleep (Kleinbaum et
al., 1988). A step-wise regression model was used to find a subset of the given
predictors which best accounts for variation of the individual physiologic measurement
of sieep.

All computations were performed using the statistical package for the Social
Sciences (SPSS for Windows®).
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Figure 2. Conventional linear and angular measurements and additional soft tissue

measurements.
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Figure 3. The Counterpart Analysis. This diagram demonstrates the effects of
rotational alignment of the individual’s own MCF compared to the neutral MCF on
corresponding maxillary and mandibular placement. A clockwise (+) alignment 1s
shown.; the relative comparison of cumulative maxillary length from Ar to A point
with cumulative mandibular length from Ar to B point is demonstrated.
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Figure 4. The Counterpart Analysis. This diagram demonstrates comparison of the
horizontal dimension of the MCF with the width of the ramus. The diagram shows a
protrusive (-) mandibular effect.
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Figure 5. The ratio of tongue area to intermaxillary area. Anterior intermaxillary space
height is the length of a perpendicular from the maxillary plane to the menton:

Posterior maxillary space height is the length of a perpendicular from the maxillary
plane to the mandibular plane which passes through the point where the FOP intersects
the pharyngeal wall; Length of the intermaxillary space is a linear distance measursd
along theFOPﬁ'omthcpomwha'eltmtersects the tongue tip to where it intersects the
pharyngeal wall; Intermacxillary area is calculated by the average of anterior and

posterior intermaxillary space height multipiied by intermaxillary length.



RESULTS

The study population consisted of 107 nonapneic (RDI<20) and 79 apneic
(RDI>20) snorers (57.5% and 42.5% respectively). Percentage distribution of subjects
and referral sources are demonstrated in Table 1. The age of the sample was
46.04+10.44 (years), Body Mass Index (BMI) was 30.9817.58(kg/m?2),and

Respiratory Disturbance Index(RDI) was 26.86130.6.

TABLE 1.--The Demographic Profile of the Study Population

Variables Percent
RDI(% apneic) 42.5

Sex (% male) 68.8

Race (% caucasian) 833
Sources (BB:VA:UH¥*) 50.5:41.4:8.1

* BB: Craniofacial Research Group in Bolton-Brush Growth Study Center
VA: Veterans Administration

UH: University Hospitals of Cleveland

RDI>20=apneic

RDI<20=nonapneic

The means, standard deviations and ranges of all measures are summarized in
Table 2. The data collected for the physiologic measurements of sleep showed
95.88:+2.46% baseline oxygen saturation, 80.46+11.27 for lowest oxygen
saturation(ranged 35% to 96%), 35.14+26.35(seconds) for longest apnea duration and
30.98+16.90 (seconds) for longest hypopnea duration (Table 3)
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TABLE 2.--The Anthropometric and Cephalometric Characteristics of the Sample

Variables MeantSD Range
Age(year) 46.04 + 10.44 25 65
RDI 26.86 + 30.64 00 133.79
BMI(kg/m?) 3098+ 7.58 17.23 66.46
CI/FI 0.84t 0.08 0.63 1.13
<BaSN 12894+ 35.26 114.8 141.2
<CyC4SN 11248+ 9.83 89.3 [39.3
<FH-Hor 377+ 5.57 -9.6 20.6
A-PNS 5101 3.97 41.3 64.9
MCF 097+ 3.16 -10.9 8.3
RAM-MCF 233+ 3.19 -6.6 11.8
PNS-Ba 4733+ 395 34.8 584
P-PNS 4599+ 6.81 28.9 63.9
Phw-Psp 531+ 3.18 0.0 13.4
INT.Mx.L 8363+ 7.28 65.0 112.7
T-area 4253.28 £589.77 2928 6120
TL 86.19+ 7.99 69.2 109.1
T-Int.M 091+ 0.09 0.70 1.15
H-MP 2077+ 7.13 0.1 36.9

TABLE 3.--The Physiologic Measurements of Sleep Study in the Entire Sample

Variables MeantSD Range
Baseline

O, Saturation(%) 95.88+ 2.46 80 100
Lowest

0O, Saturation(%) 8046+ 11.27 35 96
Average

O, Saturation(%) 91.10x 4.74 64 97
O, Difference 1* 15.21 £ 10.44 C 45
O, Difference 2** 497+ 448 -1 36
Longest Apnea

(duration in sec.) 35.14 £ 26.35 8 267
Average Apnea

(duration in sec.) 16.78 £ 5.90 5 35
Longest Hypopnea

(duration in sec.) 30.98 £ 16.90 9 160
Average Hypopnea

(duration in sec.) 16.05+ 449 5 40

¥ 0, difference between baseline and lowest O saturation
** O, difference between baseline and average O, saturation
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All physiological variables except average hypopnea was significantly different

between apneic and nonapneic subjects with higher mean values for the apneic group

(Table 4).

TABLE 4.--The Differences of Physiologic Measurements between Apneic (RDI>20)
and Nonapneic Groups (RDI<20)

Variable Apneic Nonapneic P-value
Mean(SD) Mean(SD)

Baseline O, Sat 949 (3.1 96.6 (1.6) 0.000%
Lowest O3 Sat 71.9(10.8) 86.7 (6.5) 0.000%
Average O; Sat 88.4 (6.0) 93.0 (2.1) 0.000%
O difference 1* 22.9(10.3) 9.9 (6.5) 0.000%
0O, difference 2%* 7.0 (6.0) 3.6 (2.2) 0.000%
Longest apnea duration 48.1(33.7) 26.2(14.3) 0.000%
Average apnea duration 19.2 (6.1) 152 (5.2) 0.000+
Longest hypopnea duration 36.3(20.9) 27.3(12.3) 0.001t
Average hypopnea duration 16.4 (4.6) 15.8 (4.4) 0.401

tUsing Bonferroni’s correction significance assessed at p<0.005
* O, difference between baseline and lowest O, saturation
** 0, difference between baseline and average O, saturation

The correlation of RDI with independent variables (anthropometric and

cephalometric values)(Table 5) indicated a higher linear relationship with BMI, H-MP,

tongue length and tongue area. The correlation of RDI with physiclogic variables of

sleep study showed that lowest O3 saturation, average O, saturation and baseline Oy

saturation were strongly correlated negatively with RDI whereas O, difference 1 and

0, difference 2 were correlated positively with RDI (Table 5).
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TABLE 5.--Correlation of Craniofacial and Physiologic Variables with RDI

Craniofacial Correlation
iabl ffici
Age 0.1443
BMI 0.5194
CI/FI -0.0396
<BaSN -0.0113
<C,C4SN 0.2745
<FH-Hor 0.2115
A-PNS 0.0794
MCF 0.0225
RAM-MCF - 0.0282
PNS-Ba 0.1982
P-PNS 0.0990
Phw-Psp - 0.0347
Int. Mx.L 0.1712
T-area 0.4662
TL 0.4942
T-Int.M 0.3810
H-MP 0.5127

Physiologic Correlation
i coefficient
Baseline O, - 0.4456
Lowest O; -0.7118
Average O; - 0.6403
0O, Difference 1 0.6583
O, Difference 2 0.5209
Longest Apnea 0.3713
Average Apnea 0.3054
Longest Hypopnea 0.1160
Average Hypopnea - 0.0535

The regression model for dependent variable O, difference 1(Table 6) predicted

that 40.8% of variation in the O, difference between baseline and lowest level

oxygenation was explained by the 17 variables in the model. Step-wise results indicated

that BMI, H-MP and age explained most of the variation in the dependent variable

(Table 7). BMI was the largest predictor (partial r2=0.259) followed by H-MP ( partial

r2=0.089) and age (partial r2=0.021). These three factors account for 36.9% variation

in the model and are positively related with higher values leading to greater oxygen

drop.
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TABLE 6.--Forced-All Regression Model for Dependent Variable O, Difference 1*

Variables B Beta P-value
<BaSN -1.1179 -0.0593 0.4924
<C,C4SN 0.0834 0.0775 0.4570
<FH-Hor 0.0248 0.0132 0.8686
A-PNS 0.2797 0.1066 0.2070
Age 0.1666 0.1674 0.0238
BMI 0.6432 0.4637 0.0000
CI/FI - 8.1226 -0.0640 0.3792
H-MP 0.3894 0.2666 0.0162
Int.Mx.L -0.1003 - 0.0689 0.6061
MCF 0.1408 0.0429 0.6588
P-PNS - 0.0953 - 0.0622 0.4785
Phw-Psp -0.4039 -0.1218 0.1508
PNS-Ba 0.1936 0.0710 0.5091
RAM-MCF 0.3363 0.1009 0.1472
T area - 4.5947 -0.0261 0.8620
T-Int.M - 8.6779 -0.0788 0.5247
TL 0.0503 0.0383 0.7729
Constant -11.5812 0.6574

* O, difference between baseline and lowest O, saturation
+ The R2 for the forced-all model was 0.408

TABLE 7.--Step-Wise Regression Model for Dependent Variable O, Difference*

Variable Coefficient(Beta) R2 P

1.BMI 0.449 0.259 0.0000
2.H-MP 0.262 0.089 0.0001
3.Age 0.154 0.021 0.0180

* O, difference between baseline and lowest O saturation
+ The R2 for the model with 3 variables was 0.369

The regression model for dependent variable O, difference 2 (Table 8)
demonstrated that only 19% of variation in oxygen drop from baseline to average O

Saturation was explained by the 17 variables in the model. Step-wise results indicated

that BMI and H-MP explained most of this variation (17%) (Table 9). BMI was the
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largest predictor (partial r2=0.133) followed by H-MP (partial r2=0.038).

TABLE 8.--Forced-All Regression Model for Dependent Vanable O, Difference 2*

Variable B Beta P-value
<BaSN - 0.0091 -0.0106 0.9160
<C,C4SN 0.0053 0.0116 0.9241
<FH-Hor 0.0318 0.0395 0.6743
A-PNS 0.0143 0.0127 0.8976
Age - 0.0072 -0.0171 0.8431
BMI 0.1889 0.3114 0.0003
CI/FI -3.1786 -0.0584 0.4956
H-MP 0.1121 0.1789 0.1691
Int Mx.LL 0.0105 0.0166 0.9149
MCF 0.0748 0.0530 0.6432
P-PNS - 0.0356 -0.0542 0.6009
Phw-Psp - 0.1357 - 0.0953 0.3373
PNS-Ba - 0.0466 -0.0396 0.7532
RAM-MCF 0.0905 0.0633 0.4374
T area - 1.2757 -0.0169 0.9236
T-Int.M 1.9201 0.0404 0.7796
TL 0.0157 0.0278 0.8582
Constant 0.4364 0.9704

* 0, difference between baseline and average O, saturation
+ The R2 for the forced-all model was (.190

TABLE 9.--Step-Wise Regression Model for Dependent Variable O, Difference 2*

Variable Coefficient (Beta) R2 P
[.BMI - 0.310 0.133 0.0000
2.H-MP 0.204 0.038 0.0061

* O, difference between baseline and average O; saturation
T The R2 for the model with 2 variables was 0.171

The forced-all model for dependent variable lowest O saturation (Table 10)

indicated that 46.1% of variation in the lowest oxygen level was explained by 17
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variables in the model. Step-wise results showed that BMI,H-MP and age explained
most of the variation (41.7%) and their respective contributions were 30.2%, 9.5% and
2% respectively (Table 11). These factors were negatively correlated with higher values

leading to lower oxygen saturation levels.

TABLE 10.--Forced-All Regression Model for Dependent Variable Lowest O

Saturation
Variable B Beta P-value
<BaSN 0.0631 0.0292 0.7183
<CoC4SN -0.0612 - 0.0526 0.5914
<FH-Hor - 0.0604 -0.0298 0.6946
A-PNS -0.2379 - 0.0842 0.2917
Age -0.1776 -0.1641 0.0190
BMI -0.7378 -0.4888 0.0000
CI/FI 14.8104 0.1072 0.1188
H-MP -0.4723 -0.2990 0.0043
IntMx.L 0.0669 0.0424 0.7375
MCF -0.1827 -0.0513 0.5769
P-PNS 0.1487 0.0895 0.2828
Phw-Psp 0.4651 0.1296 0.1049
PNS-Ba -0.2796 - 0.0947 0.3529
RAM-MCF -0.3354 -0.0930 0.1592
T area 5.7773 0.0304 0.8299
T-Int.M 7.4157 0.0620 0.5967
TL -0.0421 -0.0295 0.8134
Constant 113.4611 0.0000

+ The R2 for the forced-all model was 0.461

TABLE 11.--Step-Wise Regression Model for Dependent Variable Lowest O

Saturation
Variable Coefficient (Beta) R2 P
1.BMI -0.486 0.302 0.0000
2.H-MP -0.274 0.095 0.0000
3. Age -0.147 0.020 0.0178

T The RZ for the model with 3 vanables was 0.417
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All the 17 variables could predict 33.8% of the variation in average O,

saturation whereas the step-wise regression model predicted only 29.1% (Table 12 and

Table 13). The two largest predictors were also BMI and H-MP.

TABLE 12.--Forced-All Regression Model for Dependent Variable Average O,

Saturation
Variables B Beta P-value
<BaSN 0.0029 0.0032 0.9709
<CyC4SN -0.0112 -0.0228 0.8318
<FH-Hor -0.0531 -0.0627 0.4532
A-PNS 0.0216 0.0182 0.8373
Age - 0.0042 - 0.0092 0.9043
BMI -0.2315 -0.3603 0.0000
CI/FI 5.8268 0.1000 0.1909
H-MP -0.1265 - 0.1900 0.1018
Int.Mx.L 0.0014 0.0022 0.9873
MCF -0.1403 -0.0934 0.3629
P-PNS 0.0456 0.0659 0.4783
Phw-Psp 0.0529 0.0352 0.6925
PNS-Ba 0.0286 0.0228 0.8385
RAM-MCF -0.1238 -0.0816 0.2662
T area -0.0012 -0.1511 0.3373
T-Int.M -4.3435 -0.0858 0.5080
TL 0.0109 0.0180 0.8963
Constant 100.7714 0.0000

1 The R2 for the forced-all model was 0.338

TABLE 13.--Step-Wise Regression Model for Dependent Variable Average Oy

Saturation
Variable Coefficient (Beta) R2 P
1.BMI -0.394 0.216 0.0000
2.H-MP - 0.283 0.075 0.0000

+ The R2 for the model with 3 variables was 0.291

The regression model for the dependent variable longest apnea duration showed
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that only 26.3% of the variation was explained by the 17 variables in the model (Table
14). Step-wise variable selection included age (partial r2= 0.103), T-Int.M (partial
12=0.054), BMI (partial r2= 0.033), and <BaSN (partial r2= 0.022) as the 4 factors that

explained 21.2% of the variation in longest apnea duration (Table 135).

TABLE 14.--Forced-All Regression Model for Dependent Variable Longest Apnea

Duration
Variables B Beta P-value
<BaSN -0.9562 - 0.1907 0.0499
<CyC4SN 0.1033 0.0378 0.7440
<FH-Hor 0.1721 0.0362 0.6855
A-PNS 0.2726 0.0412 0.6626
Age 0.7424 0.2961 0.0004
BMI 0.7983 0.2284 0.0057
CI/F1 10.7118 0.0334 0.6814
H-MP -0.1502 - 0.0406 0.7401
Int.Mx.L - 1.0576 -0.2880 0.0560
MCF 0.9258 0.1119 0.3071
P-PNS 0.5301 0.1370 0.1644
Phw-Psp - 0.0397 - 0.0047 0.9599
PNS-Ba 0.4387 0.0639 0.5968
RAM-MCF 0.3087 0.0367 0.6361
T area 4.0120 0.0090 0.9571
T-IntM 15.2119 0.0544 0.6930
TL 0.3139 0.0943 0.5245
Constant 67.2568 0.3617

+ The R2 for the forced-all model was 0.263

TABLE 15.--Step-Wise Regression Model for Dependent Variable Longest Apnea

Duration
Variable Coefficient (Beta) R2 P
1.Age 0.293 0.103 0.0001
2.T-IntM 0.186 0.054 0.0104
3.BMI 0.204 0.033 0.0044
4.<Ba-SN -0.149 0.022 0.0349

+ The R2 for the model with 4 variables was 0.212
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All 17 variables predicted 25.8% of the variation in the average apnea duration

(Table 16). The step-wise regression model explained 22.8% (Table 17) of the

variation using age, tongue length, and intermaxillary length.

TABLE 16.--Forced-All Regression Model for Dependent Variable Average Apnea

aon

Variables B Beta P-value
<BaSN - 0.0660 -0.0588 0.5441
<C,C4SN 0.0169 0.0277 0.8113
<FH-Hor - 0.0832 -0.0782 0.3838
A-PNS 0.0871 0.0588 0.5346
Age 0.2090 0.3723 0.0000
BMI 0.0311 0.0398 0.6271
CI/FI - 0.5881 -0.0081 0.9200
H-MP 0.0654 0.0790 0.5200
Int. Mx.L - 0.2860 -0.3479 0.0217
MCF 0.1906 0.1029 0.3488
P-PNS 0.0563 0.0651 0.5091
Phw-Psp -0.0310 -0.0166 0.8613
PNS-Ba 0.0106 0.0069 0.9543
RAM-MCF 0.0152 0.0080 0.9173
T area -0.0013 -0.1317 0.4359
T-Int.M - 6.7497 -0.1078 0.4357
TL 0.2647 0.3533 0.0178
Constant 17.6030 0.2880

+ The R2 for the forced-all model was 0.258

TABLE 17.--Step-Wise Regression Model for Dependent Variable Average Apnea

Duration
Variable Coefficient (Beta) R2 P
1.Age 0.350 0.138 0.0000
2.TL 0.293 0.032 0.0002
3.Int.Mx.L -0.265 0.058 0.0006

+ The R2 for the model with 3 variables was 0.228
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For the longest hypopnea duration, only 17.6% of variation was predicted by all
the variables forced into the model (Table 18). The step-wise results indicated that age,
BMI and P-PNS were the most important variables for predicting the longest hypopnea
duration with their contribution 5.9%, 4.3% and 2.4% respectively (Table 19).

TABLE 18.--Forced-All Regression Model for Dependent Variable Longest Hypopnea

Duration
Variables B Beta P-value
<BaSN 0.3600 0.1115 0.2739
<ChC4SN -0.1921 - 0.1097 0.3697
<FH-Hor -0.1097 - 0.0360 0.7048
A-PNS 0.0011 2.6950 0.9978
Age 0.3791 0.2337 0.0086
BMI 0.5244 0.2290 0.0080
CI/F1 - 21.3225 -0.1037 0.2305
H-MP - 0.3006 -0.1274 0.3303
Int Mx.L 0.3254 0.1359 0.3901
MCF -0.1165 -0.0217 0.8524
P-PNS 0.5794 0.2337 0.0269
Phw-Psp 0.2612 0.0484 0.6275
PNS-Ba -0.7677 -0.1729 0.1742
RAM-MCF 0.2925 0.0544 0.5090
T area - 0.0032 -0.1159 0.5195
T-Int.M 42.0203 0.2336 0.1101
TL 0.0451 0.0212 0.8925
Constant - 50.3577 0.3232

1 The R2 for the forced-all model was 0.176

TABLE 19.--Step-Wise Regression Model for Dependent Variable Longest Hypopnea

Duration
Variable Coefficient (Beta) R2 P
1.Age 0.211 0.059 0.0056
2.BM1 0.186 0.043 0.0120
3.,P-PNS 0.161 0.024 0.0350

+ The R2 for the mode! with 3 variables was 0.126
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All the 17 variables predicted only 8.6% of the variation in average hypopnea

duration (Table 20). This along with the 3.2% predicted by the step-wise method

(Table 21) was the poorest model. None of cephalometric variables were included in

predicting the average hypopnea duration when the step-wise regression model was

used.

TABLE 20.--Forced-All Regression Model for Dependent Variable Average Hypopnea

Duration
Variables B Beta P-value
<BaSN - 0.0575 -0.0670 0.5318
<C,C4SN 0.0135 0.0289 0.8218
<FH-Hor - 0.0082 - 0.0101 0.9194
A-PNS 0.1064 0.0951 0.3655
Age 0.0667 0.1547 0.0967
BMI 6.1346 0.0010 0.9911
CI/FI -3.4328 -0.0628 0.4902
H-MP -0.0247 - 0.0393 0.7749
Int. Mx.L 0.1095 0.1720 0.3020
MCF -0.0110 - 0.0077 0.9500
P-PNS 0.1204 0.1826 0.0994
Phw-Psp 0.0694 0.0483 0.6454
PNS-Ba -0.0327 0.0277 0.8355
RAM-MCF 0.0970 0.0679 0.4343
T area -0.0013 -0.1804 0.3417
T-Int.M 12.1760 0.2544 0.0986
TL -0.1048 -0.1854 0.2638
Constant 6.8837 0.6294

t The R2 for the forced-all model was 0.086

TABLE 21.--Step-Wise Regression Model for Dependent Variable Average Hypopnea

Duration

Variable Coefficien (Beta)

R2

P

1.Age 0.180

0.032

0.0189

+ The R2 for the model with 1variable was 0.032
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Table 22 summarized and compared the regression models for eight dependent

variables and the most important cephalometric and anthropometric predictors.

TABLE 22.--Summary and Comparison of Regression Models
PHYSIOLOGIC Forced-all (%) |Step-wise (%) PREDICTORS
VARIABLES

| ©2 difference 1 40.8 36.9 |BMIH-MP/Age
" 02 difference 2 19.0 17.0 |BMIH-MP
Lowest O2 sat 46.1 41.7 BMI/H-MP/Age
Average O2 sat 33.8 29.1 |BMI/H-MP
Longest apnea
duration 26.3 21.2 | Age/T-IntM/BMI/BaSN
Average apnea
duration 25.8 22.8 | Age/TL/IntMx.L
Longest hypopnea
duration 17.6 12.6 | Age/BML/P-PNS
Average hypopnea
duration 8.6 3.2 |Age




DISCUSSION

Although there is consensus on that a diagnosis of sleep-disordered breathing
should be based on the number of apneas and hypopneas that occur during sleep, the
appropriate number of apneas and hypopneas for diagnosing clinically significant
obstructive sleep apnea varies among practitioners. While the cut-off value of five or
more apneas (AI) per hour is historically considered abnormal, the origins of this
number are vague and somewhat arbitrary. In addition, the longevity of individuals
who have an AI>5 on polysomnography is not necessarily reduced (Bresnitz et al.,
1994). In addition, various studies have used different definitions of sleep apnea
syndrome, making comparisons difficuit.

RDI is a traditional index and a summary measure. It is the most commonly used
criteria to differentiate diseased subjects from normals. However, it has yet to be
shown whether RDI can predict the progression of illness over time, predict the degree
of sleepiness as measured by the multiple sleep latency test, or track the natural history
of disease expression (Sforza et al., 1994).

Qualitative and quantitative measurements other than RDI have been proposed to
delineate the entity of OSA more specifically. As a recommended by the American
College ;)f Chest Physicians and the Association of Sleep Disorders Centers (Martin et
al., 1985) reports should contain sleep staging, type of respiratory patterns, oxygen
saturation, cardiac rate and rhythm, and interpretation. Moreover, it was suggested that

criteria based on quantitative O saturation data may be a better index of the presence
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and the severity of upper airway obstruction in children (Rosen et al., 1992). Another
study indicated that RDI was not a major determinant of nocturnal desaturation and
there was a lack of significant association between the percentage of sleep time during
which the saturation was less than 90% (T90) and RDI (Scharf et al., 1990). The
presence of illness as identified by the patient or the physician is the result of an
integration of the number of apneas and hypopneas as well as subjective symptoms,
levels of susceptibility, sleep fragmentation and hypoxemia. These later indicators are
not captured by RDI. Because of this new push for more sleep data, many studies now
include quantification of oxygen saturation (Slutsky, Strohl 1980), duration of apnea
and hypopnea (Findley et al., 1985; Harman et al., 1981; Block et al., 1979) and ODI
(the total number of Sa0; drops=3% by the determined total sleep time in hours)

(Stoohs et al., 1995).

An index that counts the number of transient oxygen desaturations such as the
Oxygen Desaturation Index (ODI) may eventually replace or augment indices that count
the number of cessations in airflow. However, employment of SaO, monitoring alone
carries with it a risk of finding both false-negative and false-positive results. For
example, sleep time cannot be estimated at all and body movements often create artifacts
in the SaOs-recording that may be indistinguishable in shape from desaturations
resulting from apneas. In addition, some cases of OSAS with predominantly short
apneas have few significant decreases in SaQ,. However, the large number of arousals
still leads to daytime somnolence (Svanborg et al., 1990). As long as one keeps in
mind these limitations, one can evaluate the relationship between cephalometric

variables and sleep-related physiologic variables such as oxygen saturation, duration of
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apnea.

To our knowledge, there have been only two studies (Partinen et al., 1988;
Nelson, Hans 1996) that have tried to predict RDI using craniofacial risk factors. The
first study (Partinen et al., 1988) was conducted in 157 OSA patents (mean RDI=51.1,
range 10-130) and used RDI and O>-80-I (i.e., the number of Sa0, drops below 80
percent per hour of sleep) as the dependent vanables. The second study (Nelson, Hans
1996) also used RDI as the outcome variable.

In contrast to previous studies, the present study employed both apneic and
nonapneic subjects (the mean RDI =26.86, range 0-133.79) to predict the variables that
also describe the seventy of sleep disordered breathing over RDI alone using
craniofacial variables. There are several major findings from our data. First,
anthropometric and craniofacial variables were good predictors for oxygen desaturation
level or drops, but not for duration of apnea or hypopnea. Second, different subsets of
craniofacial and anthropometric variables explained the vanation in different
physiologic measures of sleep. Third, craniofacial factors that predicted change in
oxygen saturation and duration of apnea/hypopnea were similar to those that predicted
RDI.

Consistent with previous reports (Hans et al., 1996), BMI was the most
important predictor of changes in O, saturation. Hans et al., (1996) showed that the
correlation with BMI was very strong, indicating that obesity alone may contribute to
some individuals being in the “at risk” group. But this interpretation was based on use
of discriminant analysis that treated apneic status as a dichotomous variable. On the

other hand, step-wise regression models indicated that obesity accounted for only 12%
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variation in RDI. Although a significant risk factor for OSAS, obesity may not always
predispose an individual to disease (Nelson, Hans 1996). In comparison to Nelson’s
data, our data shows that BMI explained more of the variation in O, difference 1
(25.9%), lowest oxygen saturation (30%) and average O, saturation (21.6%) than the
variation in RDI (12%) although overall prediction was lower in predicting the same
variables (40.8%/ 46.1%/ 33.8% respectively) than in predicting RDI (66%). The
present data is also consistent with the report by Partinen et al., (1988) who showed

| that BMI explains a large proportion of the variation in RDI and O5-80-1.

In the present study, in contrast to BMI age was a predictor for duration of apnea
and hypopnea. In addition, soft tissue structures such as tongue length and soft palate
length are the only craniofacial factors involved. Even the contributions of tongue
length and soft palate were minimal. We speculate that increased BMI, especially
central obesity, might be associated with impairment of diaphragm function, decreased
functional residual capacity (FRC), and through coupling of FRC to pharyngeal size,
reduction in pharyngeal cross-sectional area. Another possible explanation would be
relatively increased oxygen consumption that occur in the presence of both cbesity i.e.,
abdominal loading and upper airway obstruction or increased instability of oxygen
stores. Several reports have emphasized that a thick neck predisposes individuals to
disease. However, it is not clear whether neck size is an indicator with an effect
independent of BMI.

The present data supports the relationship between OSAS and age associated with
obesity. In this model, although age was the most consistent factor to predict duration

of apnea/hypopnea, it was not as strong as BMI. This may be because the study
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population had about 17% African Americans. Redline (unpublished observation 1995)
have reported that while age is a risk factor in the Caucasian population it is not a strong
risk factor for African Americans. Therefore, 1t 1s not clear at this time if this observed
ethnic variation 1s due to true differences in disease susceptibility or the result of the
survival bias in the African American group. In addition, data from the Cleveland
Family Study clearly demonstrated the increasing prevalence of OSA and snoring with
age.

Why does age influence the duration of apnea and hypopnea rather than oxygen
desaturation? One explanation is that age might be associated with compromised surface
tension or compromised airway compliance. For example, habitual snoring is mainly
caused by tissue redundancy in the area of the soft palate and posterior pharyngeal wail.
Since snoring increases with increasing age, the same mechamsms may relate to
apnea/hypopnea duration. Another explanation is that age might be associated with
delayed or blunted response of upper airway to neurologic inputs. Still a third
possibility would be that changes in the architecture or composition of sleep stages that
occur with age contribute to apnea /hypopnea duration (i.e., relative increases in REM
sleep compared to NREM sleep). Support for this theory can be found in Findley et
al., (1985) who found that apnea duration was longer during REM than non-REM
sleep in all patients with OSAS.

Our step-wise results found hyoid to mandibular plane distance to be the second
most important variable explaining O, saturation and O difference. But H-MP did not
correlate with the duration of apnea or hypopnea. Anteroinferior position of the hyoid

bone has been observed 1n many previous studies of OSAS patients (Strelzow et al,,
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1988; DeBerry-Borowiecki et al., 1988; Partinen et al., 1988; Tsuchiya et al., 1992).
There has been speculation that the inferior position of the hyoid bone, along with an
elongated soft palate and upward head extension are all secondary phenomena related to
variations 1n neck size (Davies, Stradling 1990). Davies and Stradling proposed that
OSAS patients extend their head in upward position due to mass loading of the neck
area. This extension results in inferior positioning of the hyoid bone. This is also a
relationship between hyoid bone location and age. In the average three year old the
hyoid bone is at a level between the third and fourth cervical vertebrae. From here it
gradually descends to the level of the fourth vertebrae by adulthood (Bench 1963).
Bench also found that the behavior of the hyoid bone was more consistent with growth
of the vertebrae than with the chin. Descent of the hyoid bone seemed also to be
consistent with a lowering of the tongue. The correlation between hyoid bone position
and tongue-related measurements was high in the present study (r=0.5 between H-MP
and tongue length, r=0.71 between H-MP and T/In Mx area).

Another study by Cohen and Vig (1976) showed that tongue mass increases until
matunity and then with age becomes relatively larger in relation to the bony
intermaxillary space. Therefore, the hyoid bone and thus the tongue would drop
considerably over time to compensate for increases in bulk and to maintain airway and
tongue function during growth. Previous reports on the growth of the pharynx and its
physiologic adaptation also support the findings of the present study (Tourne 1991).
Tourne found that adult nasopharyngeal depth is established early, and the pharyngeal
capacity increases mainly by vertical growth at the lower level. It was postulated by

Tourne that lowering of the hyoid bone represented an adaptation to maintain a
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relatively constant anteroposterior diameter of the airway. Hans et al., (1996) also
found that H-MP was the first variable selected using the step-wise discriminant
method, and had the third highest standardized coefficient in the forced-all linear model.
They suggested three possible reasons for the strong association between hyoid bone
position and apneic activity. One possible explanation was that, since the hyoid bone is
suspended in the pharynx, there may be a “hyoid response” to apnea that reduces the
tonal activity of the suprahyoid musculature or increases activity in the infrahyoid
muscles. Another possible explanation was that hyoid bone position drops in response
to increases in soft tissue mass in the neck. The third possibility was that lowering of
the hyoid bone was related to an elevation in head position. However there was poor
correlation between H-MP and FH-horizontal in the Hans’ study (r=0.1261). It is not
clear at the present time why H-MP explains changes in oxygenation very well but it
does not explain duration of apnea and hypopnea.

One of the interesting findings from the present study was that soft tissue
morphology was a relatively good predictor for duration of apnea and hypopnea. Step-
wise variable selection in the regression model chose tongue length, the ratio of tongue
area to intermaxillary area and soft palate length (P-PNS) as predictors of
apnea/hypopnea duration. Similarly Nelson and Hans (1996) demonstrated that tongue
length was the most important variable in predicting RDI and explained 40% of
variation of RDI in the step-wise model. Soft tissue morphology of OSA patients was
compared to that of the control group by Lyberg et al., (1989b). They reported that the
most characteristic finding was increased length and thickness of the soft palate in OSA

patients. The soft palate had overall increased dimension and occupied significantly
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more of the upper pharyngeal airway space. The tongue assumed a more upright
position with more mass in the hypopharyngeal region to the depression of the hyoid.
However, this study used a small sample (twenty five OSA and ten control) and the
base of the epiglottis was more inferiorly positioned in OSAS subjects, but tongue
length was not significantly different between two groups.

Nelson and Hans (1996) suggested three possible ways increasing in tongue
length could lead to increased apneic activity. First, the tongue is a muscular organ and
in the supine position, the tongue falls back posteriorly and obstructs the
hypopharyngeal space. Thus, the longer the tongue is, the more likely that obstruction
of the airway will occur. Second, increased tongue length could have been influenced
by an inferior position of the epiglottic base. Third, tongue length could have been a
surrogate measure for some other independent variable in step-wise regression model.

Surprisingly, it seems that there is no strong correlation between duration of
apnea/hypopnea and O, desaturation. For example, the highest correlations were
r=0.3196 between average duration of apnea and O, difference 1, and r=0.3157
between longest duration of apnea and O difference 1. The lowest correlation was
r=-0.0292 between average duration of hypopnea and average O, saturation. So, it may
explain the reason why there are two different subsets of variables to predict two
different apneic activities i.e., O, desaturataion and duration of apnea/hypopnea. It is
also possible to clinically observe hypoxemia without apnea (Scharf et al., 1990) and
some cases of OSAS with predominantly short apneas which may have few significant

O, desaturation but still a large number of arousals causing daytime sleepiness

(Svanborg et al., 1990).
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There is certainly a need to address the need for standards in the assessment of
disease and the uncertainty that exists concerning the pathogenesis of the OSAS.
However, based on our findings it appears that treatment strategies and guidelines
should be individualized and based on a more precise diagnosis and comprehensive
understanding of the pathophysiology of OSAS.

Potential Limitations of the Study

There have been several methodological limitations to the present study. Some of
the study population consisted of the subjects who were care-secking volunteers while
others were from an epidemiologic study thus introducing a potential selection bias.
There was no objective method for quantifying habitual snoring. Snoring was primarily
assessed by self- and bed partner reports. Sample distribution of RDI including all nine

independent variables such as O, difference 1, lowest oxygen desaturation and so on

may not be an ideal, normal distribution.
Stratification of subjects based on RDI, BMI and ethnic background could result
in different prediction rate or different subsets of variables from the present findings.
Cephalometric radiography which is taken in awake state, upright position and
provides a static, two-dimensional image could not entirely measure a dynamic, three-
dimensional upper airway. One final limitation is the fact that the present data cannot

describe “clinical severity index” unless we really combine RDI, O; desaturation,
Epworth Sleepiness Scale (ESS), quantification of oxygenation (e.g., T50) and
Multiple Sleep Latency Test (MSLT).



SUMMARY AND CONCLUSIONS

The present study attemnpted to test the hypothesis that some specific craniofacial
risk factors are associated with upper airway obstruction during sleep. The study
population consisted of 186 habitual snorers who were recruited from three major
referral sources in Greater Cleveland area over a period of six years. The sample’s
mean age was 46.04 years ranging between 25 and 65, and RDI ranged 0 to 133.79
(107 nonapneic snorers and 79 apneic snorers). All the seventeen variables (fourteen
cephalometric and three anthropometric) were used to develop the regression model for
eight independent variables of physiologic measurements during sleep.

This study specifically focused on answering the following questions:

1. Are craniofacial structures able to predict specific physiologic
measurements during sleep?

2. Do all of the craniofacial risk factors have equal importance in predicting
the physiologic variables during sleep or are there a subset of the craniofacial
variables that are more important than the rest?

Analyses of the data yielded the following results:

1. There was a statically significant difference (p< 0.005) between apneic
and nonapneic snorers in all physiologic measurements of sleep except
average duration of hypopnea.

2. RDI was highly correlated with BMI, H-MP, tongue length and tongue
area (r= 0.5194, 0.5127, 0.4942, 0.4662 respectively).

3. RDI was highly correlated with lowest Oz saturation, O, difference 1,
average O saturation and O, difference 2 (r=-0.7118, 0.6583, -0.6403,
0.5209 respectively ).

4. There was no strong, linear association between duration of apnea/
hypopnea and oxygen desaturation such as O difference 1 or 2, average O,
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saturation level and lowest O, saturation.

5. The best explained physiologic variable by the anthropometric and
cephalometric risk factors was lowest O, saturation (Forced-all 46.1%,
Step-wise 41.7%) followed by O, difference 1 (Forced-all 40.8%, Step-
wise 36.9%).

6. The anthropometric and cephalometric variables explained very poorly the
variation in longest duration of hypopnea and average duration of hypopnea
(17.6% and 8.6% respectively by forced-all).

7. In general, the anthropometric and cephalometric risk factors were good
predictors for oxygen saturation but not for duration of apnea and/ or
hypopnea.

8. The anthropometric and cephalometric variables predicted better duration
of apnea than that of hypoppea, lowest O, saturation than average Oz
saturation, and O, difference 1 than O, difference 2.

9. The most important predictors for oxygen desaturation were BMI and H-
MP.

10. The most important predictors for duration of apnea/ hypopnea were age
and soft tissues such as tongue length or soft palate length.

In conclusion. findings from the present study suggested that cephalometric and
anthropometric variables may be associated with upper airway obstruction during sleep
and may be helpful to explain variation in some physiologic variables of sleep-related
breathing to a certain extent. In addition, this study indicated that obstructive sleep
apnea is a multifactorial syndrome having, genetic, behavioral, functional and
neuromuscular problems as well as morphological factors.

It is hoped that the craniofacial risk factors identified from the present study will
be validated by further investigation, and ultimately will be utilized as a basis for
treatment strategy as well as a practical diagnostic and research tool for obstructive

sleep apnea syndrome.



APPENDIX A

Correlation Matrix and Regression Analyses
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AVR_HYP -.037% -.067% -.0313 L0428
{ 171) { 171 ( 171} [ 170
= 723 = 381 = 604 P= 580

AVR_03 -.0169 -.2043 -.1728 -.02%¢
{ 173) { 175} { 1715 [ 115
P= 024 P= 007 P= ,022 P= . G08

BASELINE =.1478 -.09804 -.0955 -.04809
{ 171 ( 173} t 17 { 171)
M= 032 P= 237 = 3212 M= 533

MY .1210 .23332 L1281 -.0062
( 186) { 18&) { 18§) [ 18&)
P= 100 P 001 Pa 086 P 933
CI_FI .0193 -.0147 L0967 -.1364
{ 186} { 186} { 186) { 186)
= 794 = 864 = 189 rs . 063
{Coafficiamt / (Casms) / 2-cvailed Significance)
" . " is printed if a coefficient cannot be computed
= = Correlation Ccefficisnts
S_BASH §_CICLSN  SPH_HOR A_Fus
H_MP -.1808 L3137 L3050 L0250
{ 188) { 188) ( 186) { 106}
P 014 P= Q00 P= 000 P= 718
INT.MX.L 2435 -.1142 ~.07718 4368
{ 186} ( 186) { 186) { 186)
P= 001 Pa 131 Pa .29%2 = .000

LONGEST1 .0802 =-.0449 -.045¢ .0627
{ 171) 170 { i71) { 1L

-.0432
{ 18§)
Pa 339

-.0018
( 146)
P= . 951

L1294
{ 126)
P= 078

-.0331
[ 186)
r= 654

1.0000
{ 186)

L3638
{ 11
P= 000

1778
( 171}
P= 020

-. 0487
{ 17%)
P= 3522

-.01%0
{ 179
= 844

-.0609
( 186)
P= . 409

.2021
{ 1%
= 006

.3727
{  136)
P= .000

.0303
{ 116)
= 402

.2178
{ 171}

Page 1
AVE_APNE
-.1178

« 172
P 124
.1129
( 172
P= . 140
0387
( 172)
P= 437
.0311
t 172}
Pa 606
L3655
¢ 171y
= 000
1.0000
( 1712}
O
L1787
{ 1700
P= 020
-.3397
{ 171
P= .002
L0610
{ 172}
P 427
L0112
t 172)
P .504
L0463
{172}
Pe 546
AVE_APNE
L2647
( 172)
P= .000
-.1287
{171
= .092
L1831
t 170



LOWEST_O

OZDIFF

Q2DIFF2

FPHW_PSP

PNS_BA

= 434

-.1677
{ 172)
= . 023

-.03%0
{ 176)
P L Gdd

LA176
{ 186)
P= 000

-.0100
{ 173
P= 896

-.0173
{ 171y
= 012

-.0710
{ 186)
P= 136

.2134
{ 186)
P= .003

4779
{ 186
P= 000

2= . 543

L1161
I 17
P= 129

-.2082
I 176)
P= 006

-.1560
{ 136)
= .013

.2138
{ 173)
P= 005

1711
t 171
P= 033

0336
{ 186)
| N 1) ]

-.1537
{ 186
P 027

~-.19%0
( 186}
= 00§

%0

Pu 554

1348
[ 172
P= . G78

~.1943
{ 178)
P= QL0

-+.2047
{186
P= (03

.1880
{ 173}
Ps 0112

-1413
{ 171}
P= 068

-.003y
{ 186)
= 352

-.01m
[ 186)
= 258

-.1001
{ 186)
M= 174

P= 416

L0067
( 172)
Pe . 931

-.007
{ 176}
P= 22§

L1606
{ 186}
= 0329

L0909
t 173)
P= 195

.0113
{ 171
P= 881

.3158
{ 186)
P= 000

-.0063
{ 186)
P= 933

L3906
{ 186)
P= .000

(Coafficient / (Casws) / 2-tailed Significance)

RDI

$_BASN

.2331
{ 186}
Pa 002

-.0113
{ 186)
= 8T8

-. 08677
{ 188)
= 360

-.1166
{ 134}
Pu 115

-.019%
{ 186)
P 788

* ig printad if a coefficient cannot ba ccamputed

- = Correlation Coafficients

8_C2C45M

-.1614
{ 116
P= 028

L4748
{ 136)
P= .000

L1168
{ 183%)
= 113

.2730
{ 184}
= 000

3834
( 116
Pa .000

SFM_HOR

-.0312
L 1886)
Pn 672

.311%
{ 186)
P= 004

.1010

[ 18%)

P= 171
.4150

{ 184)

= .00}
4334

{ 186)

= 003

A_PNS

0188
t 106)
M= 7998

L0794
{ 116
P= .20

.3000
( 113
™ 000

-.0032
{ 1m4)
Pn 965

L4082
[ 186)
P= ,000

{Cosfficient / (Cases) / i-tailed Significance)

s .+ ia printed if a cosfficient cannot be computed

~ = Corralation Coafficiemts
AVR_02
-.0149

AVR_NY?P
~.0373

§_BASH -.1478 .1210

= .002

.3173
{ 172}
P= 000

-.1883
{ 176}
P= 012

-.1601
{ 188)
= 029

1846
{ 173}
P= 010

.0197
{171
P= 790

.2631
{ 186)
P= . 0G00

-.2070
( 186}
P= 005

0226
( 186
P= 759

L0704
{ 136
P= 340

L1443
( 6
= 049

.132
( 183
Pe 071

1668
{ 184)
P= 024
L1143

({ 18)
= 120

cI_ri
.01%3

P= 017

.6552
i 17
= 000

-.2844
{ 172)
Pa .0CO

~-.1133
f 172}
= .11%

+319%6
t 172}
= D00

2778
{ 171)
P= 000

.2106
t 172)
P= 006

-.135%
{ 173}
rP= .010

-.0363
{ 172}
= . §37

AVR_AFNE

L0198
{ 172)
= 797

L3054
{ 172)
= .000

. 0996
{ 171)
P= .200

.4039
{ 170}
P= 007

.4061

{ 11
Pu 007

-.1804



@_C2Cc4sN

GFH_HOR

A_PNS

AVR_HYP

AVR_02

BASELINE

CI_FI

{ 171}
P= 721

-. 0673
{ 171}
r= 351

-.0113
 171)
P= 504

L0426
( 171}
P= 500

L1776
( 171}
P= _(20

L1787
{ 170
P= 020

1.0000
¢ 171)
Pm .

-. 0392
¢ 170
P= .708

.0111
{ 170
P= . 883

-.0401
{ 171}
= 602

~.0006
{ 170
P 904

{ 17%)
P= 324

-.2043
175
P= 007

-.1728
179
M= 022

-.01%0
{ 17%)
P= 600

-. 0407
[ 175
s 522

-.2387
{ 171)
P 002

~.0292
( 171}
P= 703

1.0000
{ 1%
P .

.3438%
{ 170
P= 000

-. 4661
( 17%)
P= . 000

L0877
( 173)
P= 374

9]

[ 17
= 052

~.0%04
{ 173)
P= 217

-.09%3
{173
P= .212

~.0489
{ 173)
P= _52]

~.018%¢
{ 177)
P= 244

.0610
[ 172)
P= 427

L0111
{ 170)
P= 085

+3435
{ 171)
P= 000

1.0000
{ 173}
| N

~-.3833
{ 173)
P= 000

.1332
{ 173)
= 081

{ 106)
P= .100

.2332
{ 186)
= 001

.13281
[ 186)
= 006

-.0062
( 136)
= 913

-.0609
{ 186)
= . 403

0112
{ 11T
r= 004

-.0401
{ 170
P= 602

-.4661
{ 17%5)
P= ., 000

~.3812
(171
P= 000

1.0000
( 186}
Pa .

.04%3
{ 186}
P= 329

(Coafficiant / (Cases) / 2-tailed Significance)

* . * iz priated if a coefficient cannot bs computsd

AVR_NYP

.0330
( 171}
= 560

~.0013
{ 171)
= 987

L5948
( 170
= 000

.1519
( 170)
= ..048

-.053)
( 171
P= 497

-.0146

- Corrslation Coefficiants

AVR_02

~. 3744
{ 119
= 000

-.1047
{ 17%)
P= 168

-.0887
(170
P= 265

-.1935%
[ 17N
= 011

. 6948
{ 174}
P=s .000

-. 0604

~. 2449
{ 173}
= Q01

-.2408
{ 179
#= .001

-.1047
[ 170)
P= 166

~.009%¢
{ 17
P= 301

.4008
( 173)
P= .000

-.179%0

L2431
{ Iis)
P= .001

L2763
( 186)
P= .000

L1977
( 171
P= 010

.1962
{ 172}
= 010

-. 5504
[ 176)
P= 000

L1711

[ 136)
P= . TH

-.0127
( 186)
= _16¢

.0967
{ 126)
r= . 10%

-.1264
{106
P 063

.2021
{ 1836)
P= 006

L0483
{ 172)
| LI 111

-. 0008
{ 171}
P 994

877
{t 17%)
P= .34

.1312
{ 173}
= 081

.0453
[ 184}
P= 539

1.0000
{ 138)

CI_rI

{ 186)

P 273

~.1429
{ i88)
P 052

-.0493
{ 171)
P= 810

L0867
{ 172)
rP= .3150

.0429
{ 176}
= 572

-.1012

{ 13%)
= . 014

.3137
[ 186)
= 000

.3050
{ 18
= 000

.02%0
( 186)
Ps 735

.2737
U 186)
= .000

L2647
{ 172)
P= .000

.0330
t 170
) I 11 ]

~. 3744
{ 175}
P= .000

-. 2449
{ 17H)
P= .001

L2431
( 186}
= 001

.080%
{ 186)
P= 1278

L

1.0000
{ 186)
[

-.1385%
{ 186)
P= 063

L0714
{ 171}
e 351

.492%
{ 172)
P= .000

-.4346
{ 176)
P= 000

-.2461



92

171 { 17%}) {1 { 186)
r= .330 P= 4237 P= 018 Pa 020

OIDIFF L0563 -.6%49 -.2033 .5098
{ 170V { 17L) { 173) {173}
P= 463 P= 000 P= 007 P= 000

Q2DIFF2 L0385 ~-.8931 .1137 L1658
170} { 171) 171 ( 171
P= 636 P= .000 = 119 P= .000

-
-

P_PNS L1316 ~.1164 ~.028% .0431
{ 171} {175 173} [ 186)
P= 086 P= 125 M= 706 P= _55%

-

PHW_PSP -.0532 0484 -.1211 .0%3%
{ 171 { 17%) { 179 { 18&)
P 473 P= 525 r= 112 P= 209

PNS_BA .0172 ~.1199 ~.2708% .1973
{ 1T { 17%) t 170 { 186}
Ps .02} = 087 Pa 000 P= _007

(Coafficient / (Cawes} / 2-tailed Significance)

" is printed if a coefficient cannot ba computad
- -~ Correlation Coefficients
AVR_NY? AVR_O2 AASELINE EMI
RAM _MCF L1058 -.0664 -.01%3 -.1163
[ 17 { 17%) { 179 [ 186)
Pa 168 P= 203 P= 301 = 114
DI -.0%3S -.6401 -. 4456 L5194
( 171} { 17%) { 171} { 136)
P= 487 P= ,000 P= 000 P= . 000
T__AREA -.0053 ~-.3532 =.3154 .3052
{ 170 { 174) { 173} { 185)
Pu %6 P= 000 = 000 = 000
T_INT.M .0722 -.J1%54 -. 1481 .1287
{ 169 { 119 { 171) { i1a4)
P= .381 = .000 P= 053 P= .087
TL ~-.0467 -.3330 =.2480 .3056
{ 171 [ 17%) { 173) { 186)
Pe 544 P= .000 P= ,001 Pe 000
(Coafficient / (Cases) / 2-tailed Significancs)
* ., * is primted if a coefficient cannot be computed

= -~ Correlation Coefficients

[ 3]
P= 169

-.0111
{ 171
P= 124

-.0153
{ 171}
P .33

-.1}748
( 13
Pe 017

-.0043
[ 186}
Pa 953

-.0710
{ 186}
P= .333

cI_rI

-.0238
( 186
= 748

-.0196¢
{ 136)
P 591

-.2220
( 1%
P= 002

.1629
( 184)
P= 027

-.15%10

{ 16
P= 040

INT.MX.L LONGEST1 LONGEST. LOWEST O NCF

S_BASN .2433 .0602 - 1877 -.0150
( 188 ( 171) { 172) { 178)
P= 001 = 434 P= 028 Pn 644

8_C2Casy -.1142 ~.0469 L1161 -.2082
{ -188) { 171} { 17) { 178)
P= .121 P= 543 = 129 P= .006

@FM_HOR -.077¢ -. 0458 .1348 -.1%42
{ 136} ( 171) { 172y { 176)
P= .253 = 554 = .Q78 P= 010

L5176
[ 196}
= 000

-.1580
{ 108)
Pa .033

-.2047
[ 186)
P 008

{ 186)
P= .001

.4143
17
Ps 000

2T
{ 171}
= .000

.2490
{ 188)
= .001

-.1477
{ 1)
= 044

.0080
{ 186)
Pu 813

-.0436
{ 186}
Pa 564

.5127
{ 116)
P= 000

L4573
( 185
P= 000

,7103
{ 184)
p= .000

.5003
( 186)
r= .000

02DIFF

-.0100
{ 179
Pa 096

.2133%
{ 173)
P= 009

L1880
[ 173}
P= .013



AVR_HYP

AVR_02

BASELINE

CI_FI

L4268
186)
P= 000

.0303
{ 186)
= 682

-.1287
{ 172)
P . 0022

-.0013
t 171
P= 397

-.1047
{ 17%)
= . 160

-.24086
{ 173)
= .00

L3763
( 186)
P .000

-.1428
( 126)
P= 032

- 0627
{ 171}
P= 416

.2379
( 1T
P 002

L1821
{ 170)
P= 017

.5944
{ 171}
P= 000

-.0857
{171
P= 255

-.1067
{ 170)
P= 166

L1977
t 171
= 010

~.0493
( 171)
P= .320

93

0067
172
=, 83)

317
{ 172)
P= 000

L6552
I 172)
P= 000

.1519
170)
P= 048

-

.1938
171
011

!

.00%6
172)
.%01

T

L1962
172)
.010

?.—-

.0867
{172
P= 230

-.0917
{176
P= 226

-. 1003
t 17§)
P= .012

-.2844
{ 172)
= 000

-.0521
( 171)
Pu 437

E46
{ 174
Ps . 000

.4083
( 173)
P= . 000

-.55086
( 178
P= .00

.0429
{ 176)
r . 572

(Coafficisnt / (Cases) / 2~tailed Significance}

= . * iz printed if a coefficient cannot be computed

[srie s g

02D1FM2

INT.MX.L

~.1363
{ 188)
P= 063

1.0000
{ 136)
| O I

.1097
{ 17
P= .153

~-.0984
( 1T
= 199

-.1308
( 178)
#= .084

.5039
{ 106
P= .000

,1018
{ 173)
P= 184

. 6257
[ 170
= 739

- - Corrslation Coefficients

LONGEST1  LONGEST. [OWEST O

L0714
{ 1T
P= 353

.1097
{ 171}
P= 153

1.0000
( 171)
S

2494
{ 170}
P= 001

-.3033
( 1TLH)
P= .008

.033%
(170
= 639

.1804
{ 170)
= 013

.0402
{ 170
t U x|

.2933
(172}
k= 000

-. 0984
{ 172)
= 199

L2494
{ 170
= 001

1.9000
{ 172)
P= .

-.2964
[ 172)
Pa 000

~.1048
{17
P 173

L3157
{ 172)
P= . 000

1960
{ 171)
P= (15

~. 4346
{ 176)
P= 000

-.1308
[ 176)
Pu 084

-.2033
( 1T1)
P= 008

-.2964
[ 172)
= 000

1.0000
{ 176)
Lo

-.059]
{ A76)
P= 434

-.%767
{ 173)
P= 000

-.6311
{ 171
P= . 000

L1608
{ 136)
= .029

-.1601
{ 186)
Ps .029

-.1133
{ 172)
P .119

-.0146
{ 1T
P= 350

-.0604
{ 17%)
= 427

=-.17%0
{ 1731
™ 018

.1711
{ 186}
= .0320

~.1012
t 186
P= .16%

ucr

~. 2461
[ i86)
Ps 001

.503%
( 1a6)
P= 000

.0339
{ 171)
P= 639

-.1045
t 17T
P= 173

-.0593
{ 176)
Pa . 434

1.0000
[ 1 )

.0178
{ 173
= 016

L0067
{ 171}
P= .331

-0993
( 1i73)
= .19%

L1946
{ 17
P= 010

L3186
{ 172}
r= .000

-0565
{ 170
= 463

-. 6548
( 171
Pa .000

-.2013
{ 1))
»= 007

5098
{ 173)
P= .000

~.0111
{ 173}
r= 00

o201rF

4143
{ 173)
#= .000

.101%
{ 179
P= 104

.1904
t 170
p= 013

L3157
( 172)
P= .000

-.9767
( 171
= 000

L0178
t 1™
P= 014

1.04000
{ 113

.6839
{ 171)
P= 000



P_PNS

PHW_PSP

L2360
{ 186)
Pe 001

.3309
{ 106}
P= 000

. 6089

( 13%)

P= 000

-2312
I 170
P= .002

-.0709
{ 171)
P= .3%7

-0718
I 171
P= .337

94

2441
[ 17Ty
P= 001

~-.2163
{ 172}
P= Q04

.0094
{ 172
P= %02

-.1082
( 176)
P= 012

-1109
{ 176}
Ps 143

- 1870
{ 176)
= .011

(Coafficient / (Cases] / 2-tailed Significamce)

INT.MX.L

-.0266
( 188}
= 718

.1712
{ 186)
P= ,01%

. 53580
{ 189
P= .000

~. 367§
{ 184)
P= 000

4418
{ 186)
P= 000

® is printed if a cosfficient camnot be compuced

= = Correlation Coafficients

.0341
{ 186)
Pa 644

.3386
{ 186}
Pe 000

.5997

{ 186)
P= 000

LONGEST1 LONGEST_. LOWEST.O0 MCPF

. 1067
{ 171)
M= 165

.1160
{ 170
P= .131

.1342
{ 170)
P= 081

.0%00
{ 169
P= 243

.0912
{ 171)
M= 235

L0463
{ 170
P= 545

L3713
{ 172}
P= 000

1700
( 171)
P= 019

.2842
( 170
P= 000

-2035%
( 172)
P= 007

-. 0811
{ 176)
P= . 420

=-.7118
{ 17§}
P= 000

-.3572
{ 179
P= .000

-.2941
{ 174)
= 000

~-. 1666
{ 178)
P= . 000

{Coafficient / {Caszes) / 2-tailed Significance!}

9_C2C4SN

SFN_MOR

AVR_AMGE

oin1rra

-.017
{ 171)
P= 023

L1712
{ 171)
P= 018

L1413
{ 17
P 068

G118
{ 171}
P= 881

.0197
{171}
P~ 798

2776
{ 171)
P= .000

r_rs

-.0710
{ 186)
P= .336

.033¢
( 186)
P= 648

-.00319
( 13§)
= 958

.3158
{ 186
P= 000

.2631
{ 186}
r= .000

.3106
{ 112
P= 006

PN_pPs?

.2134
{ 186)
P= .003

-.1527
( 186)
= 037

-.0783
[ 1R6)
= 218

-.0063
{ 188)
P= 932

-.2070
{ 188)
P= 008

-.1959
[ 172)
= 010

* ia primted if a coefficient cannot be computad

- = Correlation Coefficiancs

PNS_BA

47T
{ 186)
= .000

-.1990
[ 1)
= 006

«.1001
{ 186)
= .14

L3908
[ 186)
= .000

.0aas
{ 186)
= 758

-.03162
[ 172}
= . 637

.2191
[ 186)
= . 001

.0225
{ 186)
Pm 760

L0483
{ 1)
P= 514

~.3740
{ 184)
P= .000

L0774
{ 186}
Ps 293

RAM_MCY
4331

{ 186)

= .002
-.1614

{ 198}

P= 028
-.0313

{ N

r= 673

L0118
{ 1a8)
p= 798

L0704
{ 186)
= 340

L0198
{ 173)
= 797

{ 17)
= .010

-.1309
{ 173
P= 088

.1421
{ 1™
P= . 062

.0521
{ 179
P= 496

6303
{ 171
Pa 000

.335%
( 172)
= ,000

2845
{ 171
r= 000

.3531
t 17%)
P= . 000

RDI

-.0113
( 186}
= 078

L3743
{ 185
Ps .000

.4118%
{ 136)
= .004

L0794
{ 188)
= 181

1443
{ 186)
P= 049

.3054
{ 173)
= .000



AVR_HYP

AVR_02

BASELINE

CI_FI

0365
{ 17,
P= _#36

-.9931
( 171
p= 000

.1117
{ 171)
Pa 139

L3658
{ 171}
r= 000

-.p153
( 171}
P= 043

L1318
{ 171)
= _086

-.1164
[ 175
P= 125

-.028%
{ 173}
P= 706

-0431
{ 186)
P= 559

-.1748
{ 186}
P= 017

95

-.0552
i 17L)
Pu . 47)

0484
{ 17%)
P= %23

~.1211
( 173)
P= (112

.0925
{ 186)
= 208

-.0043
{138}
P= .833

L0172
( 171}
= .323

-.12%9
t 17
P= 087

-.4705%
{ 170
P» . 000

.1973
( 186}
P= .007

-.0710
{ 186}
P= 315

(Coafficiemt / (Cases) / 2-tailed Significance)

H_MP

LONGESTL

LONGEST_

LOWEST_0

02DIT?

02DIFr2

p_rus

Pi_PSP

02DIFF2

.27
{ 171)
P= 000

.0257
171
r= ,73%

.0402
{ 170}
Ps 603

.1160
{ 171}
#= ,015

-.6311
{ 174
= 000

.07
{ 11
= .91

N iFi
t 171
P= .000

1.0000
{ 17
.

L0768
( 171)
P= 318

-, 0869
{ 171)
P= 258

0358
{ 170
ra 644

P_FNS

L2498
( 186)
= 001

.2360
{ 1la&)
M= 001

.2312
{ 171)
P= 002

.d443
( 172)
P= .001

~-.1882
( 178)
= 012

.0341
{ 188}
| N 1T

.1943
(17
P 010

.0760
{ 171)
P= 318

1.0000
{ 188)
| LB

~.3954
{ la#)
P= 000

.4818
( 186)
P= .000

FEW_PSP

-.1477
{ 186)
P= 044

.3309
{ 12§)
= .000

-.0709
{ 171)
= 357

-.2163
( 172}
Pe 004

.1109
{ 176)
F= . 142

.36
( 188)
P= 000

=-.1309
[ 170
P 008

-.0869
{ 171)
P= 258

-.31%56
( 188)
P= 000

1.0000
{ 186}
=

.2129
{ 186}
P= 004

* is printed if a coefficient cannot be computed

- = Corralation Coafficients

FNS_BA

.0080
( 186}
P= 911

. 6080
{ L186)
P= 000

.0738
( 1711
P= 337

.00%4
{ 112
Pu 902

-.1870
[ 17%)
?= 013

Rily
{ 13%)
= .000

1431
{173
= 062

L0134
{ 171
= 644

.20
{ 186)
P= . 000

.3129
{ 11§}
"= 004

1.0000
{ 186)
) O

.1058
[ 1711
P= 158

-.0664
{ 173}
r= 303

-.0193
{ 171
Pe . 301

-.1163
( 188}
P= 114

-.0238
{ 186}
P= 743

-.0416
{ 186}
= 564

-.0266
( 186)
r= 718

1067
( 17)
Pa 165

L0468
t 173)
P 543

-.08611
{ 178)
P .420

.2391
{ 186)
p= .001

.0531
« 173)
= 496

.0328
{ 171
s 670

.0683
{ 186}
= 354

0419
{ 188)
= 578

.1963
{ 186)
= 007

-.083%
t W71
P= 487

-.&403
{ 179
= .00

~. 4458
{ 17H
P= 000

5154
t 18
= 000

-.03%¢
(186}
Pa 581

.5127
{ 186}
rP= 000

L1712
{ 136}
r= .013

.1160
{ 171)
= 131

L3713
{ 1T
P= 000

-.7118
{ 17%)
P= .000

.022%
{ 188)
Pa 760

L6583
( 177)
P= 000

.5209
( 171}
P 000

0990
{ 186)
b L

-.0347
{ 186)
Pa 630

.1982
{ 188)
P= 007
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(Comfficiame / (Canem) / 2-cailed Significance)

RAM_HCF

RDI

T_INT.M

Q2DIFF2

0328
{ 171)
P= 6§70

.5309
{ 171
P= . 000

.2017
170)
P= 008

-

L4324
163%)
P= 002

-

.2202
{ 171)
P= 004

.0613
{ 186)
P= 354

.0990
{ 126}
P 179

4787
185)
.Q00

?-‘-

.1133
184}
P= 118

. 4380
{ 188
P= .000C

. * is printed if a coefficisnt casnot be computed

~ = Correlation Comsfficisnts

PN_PSP PES_2A

.0410
{ 186)
M= 579

=-.0347
{ 186}
P= . 638

-.1116
{ 1a5)
P= .130

-.3308
{ 188)
P= 000

-.09%1
{ 1886)
= 197

L1963
{ 186}
Pa 007

.1992
( 18§
P 0407

.425%
[ 185}
= 000

-.0301
{ 184)
P= 605

L1628
{ 136)
Pa . 000

{Coafficiemt / (Cases) / 2-tailad Significance)

@_Cc2Ceasn

@FM_HOR

A_FNS

AVR_AFNE

AVR_iY?

AVR_02

T__AREA

-.0677
( 185}
M= 360

.11468
{ 189)
P= .113

.1010
( 189)
= (171

.3000
( 18%}
= 000

.1333
{ 1a%8)
P 071

0988
( 171)
= 200

-.0033
{ 179
| 111

-.1%32
( 174
r .000

=-.3134
( 172)

. * im printed if a coefficient cannot be congputed

= Correlaticn Coefficients

T_INT.M TL

-.1166
{ 134)
P 118

.2730
[ 184}
P= .Q00

.4150
( 184)
P 003

-.0032
( 184)
P= 965

1660
{ 184}
= 024

.40%0
{ 170)
P= 007

.0722
{ 169
Pa 351

~. 3134
{ 1T
P= 000

-.148)
{ 171)

-.0198
{ 186)
P= 702

L3034
( 186)
P= Q00

.2d34
{ 186)
= 002

.4062
{ 1886)
= 000

.1143
{ 186)
P= 120

.2061
{ 172)
= 007

~. 0467
{ 170
Pu 544

-.3320
{ 17%)
P= 000

-.2480
{ 173)

RAM MNCF  RDI

1.0000
{ 18

-.0212
[ 186}
P= 702

~.0235
[ 1%
P= .70

L1132
[ 184}
P= 126

~.0616
[ 1a§)
= 40]

-.04383
( 136)
P= 702

1.0000
{ 186}
P= .

4682
( 18%)
= .000

.3310
( 184)
P= 000

4942
{ 186}
= .000
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P= .000 P= 053 P= 001

BMI L3052 L1267 .30%6
[ 18%) { 134) { 186)
P= 000 = _087 P= 000

CI_FL -.2228 -1829 -.1510
[ 18%) { 1a4) { 1)
Pe .003 = 027 P= 04O

{Coafficient / (Cases) / 2-tailad Sigmificance)
* . * iz printed if a coefficient cammot bs computed
- - Correlatiom Coefficients -~ -
T _AREA T_INT.M TL

H._MP .4373 -7103 .5003
{ 129 { 184 ( 1&)
P= 000 P= 000 Pa 000

INT.MX.L L5258 -.3676 4418
{ 185 { 184) { 116)
P= 000 = 000 P= 000

LONGEST1 .l342 . 0800 .0312
t 170) ( 1M { 171)
P= .081 = 245 P= .23%

LONGEST_ L1788 .2042 .203%
{ 170 {t 170) { 172)
P= 019 = 000 P= 007

LOWEST O -.3572 -.2941 -.3666
[ 175 { 174) { 178)
P .000 = 000 F= 000

MCF 0402 -.2740 L0774
{ 185) { 184) { 186}
P 514 P= 000 P= .293

o2DIr? .3359 L2848 .3521
t 172) { 171) { 177)
P= .000 = 000 P= 000
02DIFFd .2037 .23124 .4302
170 { 183 { 170
r= . 008 = .00 = 004
P_PNS 4787 .115% .4380
( 183%) { 184) { 188)
= 000 = 118 P= 000
PHU_PFSP -.1116 -.3304 -.0951
{ 185} { 184) { 186)
= 130 = 000 P= 187
FNS_MA 4359 -.0301 .3828

[ 185) { 14 ( 1B6)
P= 000 P= 605 P= 000

(Coafficient / (Cases) / I-tailed Significance)
» ., * ig printed if a coefficient camnot be computsd
~ = Correlation Ccefficiencs -~ -

T__AREA T_INT.M TL
RAM_MCP -.0358 -1133 -.0816
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01 May 9§ SPSS for M5 WDNDOWS Rslaase 6.0 Fage 1
This software is functimnml through Aogust 31, 1996.

*Warning # %431. Texr: ID MIMEER changed o ID_NUMBE
>A long variable name was trincated to 8 charactars.

*Warning ¢ 9431. Text: VA parsoma chanyed to VA_PERSO
»A long variable came was txuncated tp 8 characters.

»Warning # 9431. Text: VA family changed to VA_FAMIL
»A long variable pame was truncated to 8§ characters.

>Warning # 9431. Text: Lowsat 02 changed to LOWEST_O
»A long variable nams was cruncated to 8 charscters.

»>Warning # 9431. Taxt: AVR Apnea changad to AVR_APNE
>A long variable name was truncaced to 8 characters.

>Warning # 9431, Text: Longest Ap changsd to LONGEST_
»A long variable nane was truncated to § characters.

>Warning ¢ %431. Text: Longesat My changed to LOMGESTL
»A long variable name was trumcatsd to § characters.

>Warning # %431. Text: WEIGNT lb changed to WEIGKT L
>A long variable name was trimcatsd to 8§ charactars.

sWarning # %431. Text: Refer Scur changed to REFER_SO
>A long variable name was truncated to § characters.

>Warning # %431. Text: Nead Form changed to MEAD_FOR
>A long variable name was truncaced to § characters.

>Warning # %431, Text: Face Fora changed to FACE_FOR
>A long variabls name was truncated to 8§ characters.

>Warning # %431. Text: T/ Int.Mx changed to T__INT.M
>A long variable nams was truncated to 8§ charscters.

>Warning # 9431, Text: ID NMIMBER changed e ID_NUMBL
>A long variable mame was truncated to § characters.

>Warning # 9431, Taxt: Aat.Mx.Mt. chsnged to ANT.MX.M
»A leng variable name was truncated to 8 characters.

>»Warning § 9431, Taxt: Post.Mx.Kt changed to POST.MX.
»A lang variable naws was truncaced to 8 characters.

sWarning ¢ $431. Taxt: Int.Mx.Lth changed to INT.MX.L
»>A long variable name was truncated to 8§ charscters.

»Warning # 94311, Text: ID NUMBFR changed to ID_NUMB2
>A long variable name was truncared to § characters.
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*Warning # $431. Text: Low/Mid % changed to LOW_MID_
>*A long variable name was txuacated to 8 charactars.

»Warning § 9431. Taxt: MN(kirama changed to BRW_BIRA
>A long variable came was trimcated te § characters.

>Warning # 9410, Text: XP

*A variable nana is mismineg. The variable has been dropped.

>Warning ¢ 3437. Text:
>One or moxw casas in the file had invalid daca.

sWarning # 9437. Text: VA_FAMIL
»Qne or more cases in the file had imvalid daca.

>Warning # 9438. Text: MAME
>One or more cases contained taxt wider than the

>Warning # 9438, Text: REFER_SO
>Cne or more camss contained text wider than ths

sWarning # %9437, Text: T_INT.M
»0ne or more cases in the file had ixvalid data.

Data written to the werking fils.
§7 variablas and 120 cases wxitten.

wvariable width.

variable width.

Variable: ID _NUMBE Type: String PFormat: AlQ
Variable: USED TYpe: Number Format: P%
Variable: PHASE TyYpe: Rmber Format: P
Variable: CT Type: Nmbar PForsat: F%
Variable: VA_PERSO Type: Mumbar Forsat: F¥
Variable: VA_PFPAMIL Type: Rumbar Pormat: F9
Variable: LOWBST O Type: Number Format: F9.1
Variable: AVR_0O2 TYpe: Munber PFormat: F3.1
Variable: AVR APNE Type: Rusber Pormac: F9.1
Variable: AVR_HYP Type: Musber Format: 9.1
Variable: LONGEST_ <Typa: Busber Format: P9.1
Variable: LONGESTL Type: Number [Format: F%.1
Variable: CONSENT Type: Rmber Format: P9
Variable: NAMER TyYpe: String Format: AlS
Variable: BACE Type: String Pormat: AlO
Variable: Type: String Format: ALD
Variable: AGR Type: Mmber Format: ¥
Variasble: MERIGNT __ Type: Bumber PFormat: r9.1
Variable: WEIGNT.L Typs: Bumbear PFormat: 9.2
Variable: NBCK_CM Typa: Bumber Pormat: 73.1
Variable: R._D._I. Type: Number Format: 79.2
Variable: N.X.P TYPe: Number Yormat: 9.1
Variable:; BMI Typa: mmber PFormat: COMMAY.3
Variable: ESS Typa: Mumber PFormat: F$
Variable: ROUSE Types: Rusbexr Format: I$
Variable: REFEX_90 “Type: Setring Format: Al
Variakle: CI TYpe: Xusber Format; P9.1
Variabla: NEAD FOR Type: String Pormat: AlD
Variable: FI TyDe: Number Yormat: F9.1

Variable: PACE_FOR Type: String Format: AlQ
Variable: T__AREM Type: Format: P9

Variable: T__INT.MN Type: Formatc: ¥9.2
Variable: ID _NUMBL Type: String Pormat: AlQD

4

Variabla: d_BASN Typs: Number |PFormat: P9.1
Variable: KC¥ Type: Numbaxr PForsat: 79.1
Variable: $5MA Type: Bumbaxr Formatc: F9.1



Variable: ARN_MM TYD#: Numbar Fermat: F9.1
Variable: A_PMNS TYDP®: FMumbar Farmme: F9.1
Variabls: PNS_BA Type: Number Formme: F9.1
Variable: BENB Type: Number Formmt: F%.1
Variable: RAM_MCF Typa: Mumber Format: F9.1
Variablia: ARA_ARS Type: Bumber PFermat: PF9.1
Variable: P_PNS Type: Nusber Format: P9.1
Variable: PHW_FSP Typa: Mumber Formac: F9.1
Variable: TL Type: Sumber Format: FY.1
Variable: H_MP Type: lunber Formme: F%.1
Variable: H_VER Type: Munber Format: F9.1
Variable: OFH_HOR Type: Number Format: F9.l
Variablae: 9C2SR TyYps: Wumber Formst: F9.1
Variable: @_CIC4SN Type: Mumber PFormat: PFY.1l
Varjable: ANT.MX.H Type: Nusber Formac: F9.1
Variable: POST.MX. TYpe: Nuxbsr Format: P9.1
Variable: INT.MX.L Type: Humber Format: F9.1
Variable: FAC.HT. Type: Number Format: F%.1
Variable: AR G0 Type: Mober Format: F9.1
Variable: GO_GN Type: Mumbar Format: P9.1
Variable: 8GO Type: Number Format: P9.1
Variable: FE_G0 Type: Bumbar Format: P9.1
Variable: SYNM_A Type: Bunber PForast: F9.1
varisble: SPR_3B Type: Sumber Format: F%.1
Variable: @_PAL_PM Typa: Number Formmtc: F9.1
Variable: RGN_H Type: Number Format: F9.1
Variable: ID_NUMEZ Type: String Format: AlQ
Variable: P_WIDTH Type: Xumbar PFormat: 9.1
Variable: $CIRGMN Type: BSunber Formmt: F9.1
Variable: LOW_MID_ Type: Fumber Format: F9.1
Variable: BRW_BIRA Type: Musber Yormat: Fi0.2

>Warning # %431.
>A leng variable

>Warning # 9431.
>A long variable

»wWarning # 5431.
»A long variable

>Warning & 9431,
>A leng variable

>Warning # 9431,
>A long wvariable

sWarning # %431.
>A leng variable

>Warning § 9%431.
»A long variable

sMarning ¢ 9%431.
»A long vaziable

>Warning @ 3431.
»A lang variabls

>Warning & 9%431.
>A long variable

Text: ID NJMIER changed to ID NUMBE
oame was truncated te § characters.

Taxt: YA persona changed to VA_FERS0
name was truncated to 3 charactars.

Text: VA family changsd to VA_FAMIL
name was truncated to § characters.

Taxt: bassline O changed to BASELINE
name was truncated to § characters.

Text: Lowsst 01 changed to LOWEST_O
name was truncated to 1 characters.

Teaxt: Longest Ap changed to LOMNGEST
ARG was truncated to § characters.

Taxt: AVA Apnea changed to AVA_AFNE
name was truncated to 8 characters.

Taxt: Longesat Ry changed to LONGESTL
name was truncated to § characters.

Taxt: WEIGHT lb changed to WEIGNT_L
name was truncated to § characters.

Taxt: Refer Sour changed toc REFER SO
sams was truncatsd to § characters.
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>Warning # 9431,
>A long variable

>Warning # 9431.
»A long variable

Text: Face Forn chamged to FACE

>Warniing % 9431, Taxt:

»A long variabla

»Warning ¥ 9431,
>A long variable

>Warning # 9431,
»A long variable

>Warning # %431,
*>A long variablae

>Warning & %431,
»>A long variable

>Warning # %431,
*A long variable

>Warning & 9431,
»A long variable

*>Warning § 3431.
»A long variable

s>Warning # %430. Taxt: BQ

Text: Ant.Mx.Ht, changed to ANT.
name was truncated to 8 characters.

Text: Int.Mx.Lth changed to INT.
nams was truncated to § characters.

Text: Xead Form changed to NEAD_FOR
name was truncaced te 8 charsccers.

_FOR
zxame was trumcated to 8 characters.

T/ Int.Mx changed tp T _INT.M
oEnE was truncated to 8 characters.

Text: ID NUMBEX changed to ID_NUMBL
nams was trTincated to 3 characrers.

MX.H

Text: Post.Mx.Ht changed to POST.MX.
nADE waS truncatad to 8 characters.

MX.L

Taxt: ID NUMBER changed to ID _NUMBI
pame was truncated to 8 characters.

Text: Low/Mid % changed to LOW_MID_
namea was truncated to § characters.

Text: BXW(birama changed to BRW_BIRA
name was truncaced to 8 characters.

»A variable name is missing. The variable has been dropped.

>Warning ¥ %437, Text:
*One Or more cases in the file had invalid data.

>Warning ¢ 9437. Taxt: VA_FAMIL
>0ne or more cases ia the file had invalid data.

>Warning # $438. Text:
»mo:mneuumuindtmwxdutmm

»Narning # 9437, Text: NOUSE
»One or mors cases in the file had invalid daca.

>Warning § 9438. Text: REFER_S0
»0ne Or mOoTre CAZes contained taxt wider than the

>warning # 9437. Text: T _AREA
»One or more cases in the file had invalid data.

>warning # %437. Text: T__INT.M
»>0nie OF MOre cazes in the f£fila had invalid data.

variable width.

variable width.



103

Data writtem to the weriing file.
68 variables and 196 cases writtem.

variablae: ID_NUMBE Typs: Stringy PFeraat: AlQ
Variable: USED TYpa: Ember Parmat: FY
Variable: FMASE Typez Eamber PForamt: M9
Variable: CT TYpe: Bmber Foramt: F%
variable: VA_PERSO Type: Bmber Formsr: F$
Variable: VA_FAMIL Typs: Wombar Fermast: FY
varisble: BASELINE Type: Eamber Fermat: FY
variable: LOWEST. O Typa: Sumber Fermmt: F9.1
Variable: AVR_02 Type: Jamber Formar: F9.1
vVaraable: LONGEST_ Type: Rmber Format: F9.1
variabls: AVRAFNE Type: Mamber Fewsar: F9.1
Varjable: LONGEST1I Type: EBumber PFormar: F9.1
Variable: AVR_HYP Type: Rmber Pecmmt: ™.1
Variable: CONSENT Type: Bamber Fermst: F%
Variable: NAME Type: String Format: AlS
Variable: RACE Type: String Formmt: AlQ
Variable: SEX Type: String Formmt: ALQ
Variable: AGE Tyiw: Baaber PFermst: 9
Variable: HEIGHT _ Type: Mumber Fexmat: F9.1
Variable: WEIGKT_L Tyrpe: Nambar Fermat: 5.2
Variable: MNECK_ M Typs: Bunbar Format: 79.1
Variable: R._D._I. Typa: Burber Format: F9.1
Variable: N.H.P Type: Bumber Formmt: P3.1
Variable: BMI Type: Rumber Fermat: COMMAS.
Varisble: ESS Typa: Romber Format: P9
Variable: HOUSE Typa: Nunber Fermmt: M9
variable: REFER_SO Type: String PFszmst: AlC
Variable: CI Typs: Musber Fermat: F$.1
Variable: HEAD_FOR Type: Striny Format: AlQ
Variable: I Typs: Busbar Fermat: F9.1
variable: FPACE_FOR Type: String Format: AlQ
Variable: T__AREA Typs: Baxber Format: F%
variable: T__INT.M Type: Mumbar Format: F9.2
variable: ID_NUMEL Typex String PFormet: AlD
Variable: @_RASN Type: Runber Forsat: P9.1

Variable: MCF Typa: Mumbar Fermat: F9.1
Variable: $SNA Type: umbar Formac: F9.1
Variable: ARN_ ™ Typa: Burber Format: F9.1
Variable: A_PNS Type: Nunber Fermat: F%.1
Variable: PNS_BA Type: Mumber Format: ¥9.1
Variable: GSMNB Type: Wumber Pormac: P9.1

Variable: RAM_MCF Typs: Bumber Format: FS.1l
variabla: ARA_AKE Typus .
Variable: P_PNS Type: Number Format: F%.1
Variable: MNW_PSP Type:

Variable: TL Type:

Variable: N_MP Typs: Buxber Formac: P%.1
Variabla: X_VER Type: Mmbar Format: F9.1
Variablae: SFE_CR Trpe:

Variabla: $C250 TYpa:

variable: §_CICASN <Type: Nusber Foxmat: P9.1
Variable: ANT.NME.X TYpes

variable: POST.MX. Typs:s Mumber Format: F?.1
variable: INT.MX.L Typa: Number Forsat: F9.1
Variablae: FAC.HT. Type: Numbar Pormmt: 9.1

Variahle: AR_GO Typa: Xumber PFormat: ¥9.1
Varisble: G0_GN Type: Bumber Permat: F9.1
Variable: 8GO0 Type: Number PFormat: 9.1
Variable: FN_GO Type: Number Format: F%.1
Varishle: SFE_A Typea: Wumber Pormat: F9.1
Variable: SPN__3 Typa: NMumber PFormat: F.1
Variable: §_PAL_PM Type: Xumber Pormat: F9%.1
Variable: RGN_N Typa: Numbear Format: F9.1

variable: ID_XUMBI Type: Strimg Yormat: AlD

variable: P_WIDTH Type: Wunber Yormat: F9.1
variable: ¢CIRGMN Type: Nusber Format: F3.1
variable: LOW_MID_ <Type: Number Format: M.l
variable: DRW_BIRA Typs: Number PForsat: Fi0.2

[ )
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Number of valid cbservations (lisctwise) = 168.00
valid
Variable Mean Std Dav  Minisum Maxisam N Label
CI_FI .14 .08 .63 1.13 186
T__INT.M .51 .09 .70 1.1% 134
MCF .7 3.16 ~10.9 8.3 186
RAM_MCP 2.33 3.13 -§.6 11.3 186
QFH_HOR .17 5.57 -3.6 20.§ 116
02DIFF2 .97 4.48 -1.00 36.00 171
PHW_PSP %5.31 3.1% .0 13.4 186
02DIFT 15.21 10.44 .00 45.00 173
AVR_HYP 16€.08 4.49 5.0 40.90 171
AVR_APNE 16.73 5.%0 5.0 5.0 172
a_Mp 20.77 7.13 .1 36.9 136
RDI 26.88 30.54 .00 133.7% 186
BMI 30.98 7.58 17.23 66.46 186
LONGEST1 30.98 16.90 5.0 160.0 in
LONGEST. 35.14 26.3% 1.0 2§7.0 172
P_FNS 45.99 .81 28.9 63.% 196
AGE 46.04 10. 44 23 (11 186
PNS_BA 47.33 3.9% 4.8 58.4 106
A_PNS 51.01 3.%7 41.1 .9 186
LOWEST_ O 0. 46 11.27 35.0 96.0 176
INT.MX.L $3.63 7.28 65.0 112.7 186
TL 26.19% 7.99 6.2 109.1 126
AVR_02 91.10 4.74 64.0 $7.0 175
BASELINE 95,58 2.48 1] 100 173
4_C2C45M 112.48 .23 4%.3 139.3 186
$_BASN 128.%4 5.26 114.8 141.2 186
T__ARER 42%3.2% 58%.77 1323 6120 148

t-cests for indspendent samples of RDIGRY

Numbar
Variable of Cases Msan sD SE of Mean
AVR_AFNE
RDIGRP 0O 102 15.1569 5.18% .513
RDIGRP 1 70 19.1571 6.114 L7131

Mean Differenca = -4.0003

Lavena's Test for Equality of Variances: F= 2.002 P= .159

t-cest for Bquality of Means LLL)
Variances t-valus df 2-Tall Sig SE of Diff CI for Dift
Zqual -4.62 170 000 866 (-5,711, -2.290)
Unequal ~4.48 131.9%¢ .000 .93 (~%,767. -2.233)

Humber
Variable of Cases Mean D SE of Mean
AVR_EY?P
RDIGRPF Q 101 15.811% 4.449 443
RDIGRF 1 70 16.4000 4.557 . 548

Mean Diffarenca » -.3801

Levens's Tast for Equality of Variances: F= .563 = 434
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t-test for Equality of Means 5%
Variances t-valus d4af 1-Tail sig SE of Diff €I foxr Diff
Equal -.84 153 .401 . 699 (-1.568, .792)
Unequal -, 04 146.24 . 403 .02 (-1.976, .79

t-teats for indspendesmt samples of RDIGRP

Numnber
Variable of Cases Maan sD SE of Mean
AVR_02
RDIGRP ¢ 103 .13 2.141 .211
RDIGAP 1 T2 88.4000 6.002 .707

Mean Difference = {,588)
Lavene's Test for Equality of Variances: Fa 34.747 P= .D00

t-tast for Equality of Msans "
Variances t-value df 3-Tail sig SE of Diff CI for DAff
Equal 7.34 173 .000 643 {3,320, S5.8%7)
Unequal 6.23 83.73 .aog Ml (3.130, €.056)
Number

Variable of Cases Msan D SE of Nsan

BASELINE

RDIGRP 0 102 96.5486 1.570 .158

RDIGRF 1 n 4.3073 3.096 67

Mean Diffaxence = 11,6011
Lavane's Test for Equality of Variances: P= 4.650 P= .032

t-test for Equality of Means %%
Variances t-valus df 2-Tail sig SE of Diff ¢I for Diff
BEqual 4.69 171 .000 .159 (.973, 1.389)
Unequal 4.31 95.19 .000 399 (.809, 2.474)

t-tests for independemt sampies of RDIGRP

Mumber
Variable of Cazes Mean 5D SE of Msam
LOMGESTL
RDIGRP O 101 27.3000 12.280 1.223
RDIGRF 1 70 36.3014 20.5%6 1.4%

Mean Difference = -9.0014
Lavens's Test for Pquality of Variances: F= 5.429 P= .021

t-tast for Equality of Means 5%
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Variamces c-valus df 2-Tail sig SE of Diff CI for Diff
Equal -3.54 153 .001 1.543 (-14.022, -3.931)
Unequal -3.24 101.98 .002 2.77% (~14.516. -3.487)
Number
Variable of Cases Mean sp SE of Neam
LONGEST _
RDIGRP O 102 26.2431 14.299 1.418
RDIGRP 1 10 48.1143 3. 669 £.024

Mean Differecce = -21.3711

Levene's Test far Zquality of Variances: Fw §.30% P= .004

t-tast for Equality of Means 95%
Variances c-valus df 3-Tail sig SE of Diff CI for Diff
Equal ~-5.04 170 .000 1.74) (=3%.262, -14.481)
Cnequal -5.13 15.34 .000 4.286 (~30.354, ~-13.309)

t-tests for indepencdsar samples of RDIGAP

Wumber
Variable of Cases Mean sD SE of Nean
LOWEST_O
RDIGRP 0O 102 56,6202 6.533 847
RDIGREF 1 T4 71.3716 10.773 1.253

Mean Differemcea = 14.%5186
Lavane's Test for Pquality of Variances: F= 23.60% P= .000

c-tast for Equality of Msana %
Variances t-valus df 2-~Tail Sig SF of Diff CcI for Diff
Equal 11.32 174 .000 1.309 {12.234, 17.403)
Unequal 10.51 111.38 .000 1.410 (12.024. 17.613)
Number

Variable of Casea Mean sD SE of Maan

[rrisie s g

RDIGRF 0 102 9.8784 6.924 .48

RDIGRP 1 71 32.8803 10.23% 1.217

Mean Differeance = -11.0019

Lavens's Test for Equality of Variances: F= 22.453 »= .000

c-cest for Equality of Means ”
Variances C-valua df 2-Tail Ssig SBE of Diff CI for Dift
Zqual -10.19 im .000 1.277 {-15.522, ~10.481)

Unequal ~9.43 i00.98 .Q00 1.378 (-15.734, -10.270})
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t-ceasts for independent sampies of RDIGRP

Mamber
Variable of Canes Mean sD SE of Maam
02DIFF2
RDIGRP O 102 J.61%¢ 2.200 218
RDIGRP 1 (1] §.9739 §.012 .724

Msan Difference = -3.3543)

Levene's Test for Equality of Variances: F= 2§.211 BP= 000

c-test for Equality ef Msans j 111
Variances t-valums df 2-Tail sig SE of Diff CI for Diff
Equal -%5.1% 16% .000 651 (-4.540, -2.069)
Unaqual -4.44 8G.43 .000 Rri-11 (-4.859, -1.850)

e v MOLTIPLE REGRESSION *~ @&«

Listwise Deletion of Missipng Data

Equaticn Number 1 Depandant Variable.. CO2DIFF

Block Number 1. Method: Enuter
@_BASN @_CACASN JFH_HCR A_MNS AGE BMI CI_FI nMp
INT.MX.L MCP P_PNS PHW_PSP PNS_BA RAM_MCF T__AREA T__INT.M
™

Variable(s) Entered on Step Mumber
TL

1..
2.. $_1ASH
1.. AGE
4.. MAN_MCF
5.. SFE_HOR
6. cI_Fl
7.. PRN_PSP
’.. .1
9. A_PNS
10.. T_INT.M
11.. r_Pis
12.. wr
13.. s_cicimm
14.. PIE_BA
15.. _r
16.. INT.MX.L
17.. T _AREA
Multipla X .63878
R Squars .40801
Mijusted R Square .34224
Standard Exzor 9.50249%
Analysis of Variamca
Sum of Squares Maan Square
Regzession B 17 76231.32177 442.43110
Residual 153 11060.73310 72.29237
P= 6.20302 Signif P = .0000

** ¢+ MULTIPLE REGRESSION ***¢



Equation Bumber 1

Dependent Variable. .

Variable |
@_BASK -.11799¢
@_Ccacesy .033487
@FH_HOR 024872
A_PNS 279700
AGE .166636
BMI 643262
CI_FI -8.122636
H_MP .389478
INT.MX.L -.100340
MCF .l40834
P_PNS -.09%311
PHW_PSP -. 403914
PNS_BA .193620
RAM _MCF .336325%
T__AREA -4 . 594 T4E-04
T__INT.M -§.877917
TL .0503%4
{Constant} -11.5812%%
cmmmmm {f e———
Variables sig T
§_BASN L4924
8_C2CéSH L4570
SFH_HOR BE8E
A_PNS .2070
AGE .0218
BMI .0000
CI_FI L3792
H_MP .0162
INT.MX.L 60861
nuer . 6588
P_IFNS .4785
PHW_PSP .1508
PNS_BA .5091
RAM_MCP 1472
T_AREA .3820
T_INT.M 5247
kv .T739

(Conatant) .8574

Collinearity Disgaestica
Nuzber Eigusval

1 15.33333
3 1.10473
3 57888
4 .53633
5 .22581
¢ .08152
7 05088
[} .03429
9 .032320
10 .01010
11 .00703
12 .00413
13 .00387
14 .002%3
13 00169
14 .00124
17 .0007%
18 .00045

Condl Variance Proportions
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Yariables in the Equation

SE B

171484
.111852
.1501353
.420722
.072882
.101021
9.210105
.160186
19419
.318279
.134177
279748
-292577
.230867
.002639
13.610667
+174281
26.061157

Indax Constant

1.000
3.72¢
5.148
5.347
8.240
13.718
17.360
31.149
16.2383
38.957
46.709
§0.960
62.917
73.514
$5.204
111.158
119.51¢
183.633

.00000
.00000
.00001
.Qooey
.000400
.00018
.00000
.00015
.00073
.00017
.0o083
.00001
.00457
. 00062
.01947
02096
06906
.8832%

Q2IDIFF

Bata Tolerance

-.05932¢
.077534
.013227
.106646
167440
.463778

-.064022
.266673

-.068%47
.042940

~.06225¢4

-.121864

.071051

.1009%9

.026190

-.078830
038377

.52053%
.357936
. 607059
.5462489
719451
-T29306
.734198
331641
.217291
.410862
. 503957
.543137
.J35668
.B04981
.171043
.253113
.219654

@_BASN #_CICis

.00090
.Qe000
.00Q01
.00000
.00000
.00030Q
,00000
.00016
.00147
.00033
.00234
.00061
.03146
.00%24
.01171
.01031
44184
49811

. 00001
.00001
.00001
.00000
.20002
L00048
.00029
.00143
.00527
.Q0364
.170a2
.0499%0
.01645
.0000C4
.00016
.33563
.41604
.00043

SFN_HOR
.00063
.08218
.30391
.26349
.00414
.04373
.00048
.00161
.01170
.00010
09817
06409
.03017
.01157
.00995%
.0817%
+03945
.00656

vir T
1.921 -.681
2.7%4 L7486
1.647 166
1.831 1.267
1.1%0 2.283
1.311 6.368
1.382 -.182
3.109 2.431
4.602 -.517
2.4 442
1.994 -.710
1.341 ~1.444
2.979 662
1.242 1.457
5. 846 -.174
3.9%51 -.638
4.553 .a8%
.. 444
A_ms AGE
.00001  .00015
00000  .00011
.00004  .00004
.00001  .00033
.00002 00145
00083  .00237
.00000  .29740
.00288  .48093
.00103 00575
.00894  .03204
02296  .08283
.00%30  .01180
.323144  .00007
.52585 04861
00270 .01664
.07133 .01348
13123 .00152
.00403 00437
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M1 CI_rz E_MP INT.MX.L

1 .00017  .00003 Q0014  .00001
2 .00000  .00001  _000S4  .00000
3 .00027 .00005 .00000  .00002
4 .00020  .00002 00000 00000
5 . 00043 .ggoco .00241 -00000
5 .01§87 .00198  .33139 00051
7 .41713  .00017  .02363  .00002
’ .44510 .00012 .02483 .00003
’ .00002  .09324  .01301 .00226
10 .00740 .00529 .02329 .00323s
11 .0000%  .34070  .01207 .00202
12 .0150%  .0%080  .3%341  .05805
13 .0303§  .32229  .20136 .00412
14 .04954  .00077  .0%787  .0S524
15 .01237 .00455  ,03286 .16340
16 .0004%  .12435  .00%68  .2%&58
17 .00012  .00057  .006%7 .25174
13 .00441  .00707  _0D69%4  .16223
RAN_MCF T_AREA T__INT.M TL

1 .00087 .00001 .00001 .00001
b .04375 .00000 .00001 .00000
3 .4325%  .00003  ,00001 .00001
4 .34687 .00000 .000Q1 .00G00
) .01517 .00014 00006 00004
§ . 00407 .00008 .00014 .00001
7 .02840 .po02s .goooa .00007
| .0002% .00173  .00303  .00120
L .00%00  .03165  .01143  .00196
10 .00034  .OB18% 00601 .00%24
11 .0000L  .00483  .Q0583 00832
12 .10355  .0104% 33288  .02875
13 00045 .11260 .02653 03492
14 00022 .01120  .02436 .01672
15 .00000 .10403 02301 .42227
16 .00104 46791 .23459 39146
17 .00717 .11502 .18826 177138
18 00547 05814 .1380% .01167

MCY

.00017
.230%58
.00368
16904
.08918
L1171

04302

.00048
.0458]
.00015
.00a%4
.00130
.04108
.1273%
.05711
.0047Y
.03394
.14149

End Block Number 1 All requeasted variables enterxed.

*ev s NULTIPLE

Listwise Daleticm of Missing Data

Equation Numbex 1 Deapandemt Variable..

Block Numbar 1. Method: Stepwiza
@_BASH 8_C2C4SN GFN_HOR A _PFNE AGE
r_Mms PEN_PEP

INT.MX.L MY
™

Variable{s) Entersd cn Step Number
1.. SMI

Multipla R .50863
R Square . .25070
AMjusted R Squars .254332
Standard Error $.03291
Analysis of Variance
or Sum of Squares
Regression 1 4833.6336%

02DIFF

Criteria

Mean Squar
4833,.63268

REGRESSION

P_WNS MOU_PISP
.00008  _0004S
.0000D  .0033%
.00008  .003%2
.00004  .0041D
.00148  .s2407
.00116  .o1m®9
.00039 .01374
.00322  .00017
.10013  .0S132%
.6433% 06656
.01829  .00338
L06433 09057
.0750%  .10700
.02533 06586
.02157  .00312
.00037  .02439
.00047  .00360
.04468 0064
- &« ® &
.0%00  POUT
CI_r:

My
PHE BA PAMMCF T_AREA T_INT.M

"s_ua
.00001
.00000
.a0001,
.00000
00001
00037
.00000
00044
.00004
.00027
.00907
03410
.05923
.23714
LI6948
04343
.19774
04263

.1000
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Residual 169 138530.42822 91.955320
F a 58.97891 Signif F = _.0g00

.................. Variables im the Egquation

variable ] SER Bata T Sig T
aMI .705471 091881 . 508629 7.680 .0000
(Constant) -§.456468 2.%12471 -2.217 .02%30

#ervr+r MULTIPLE REGRESSION ** ¢+«
Equation Number 1 Dependsnt Variable.. 02DIFF

------------- Variables not in the fquation -~—-=v-came-a

Variable Beta In Partial Min Toler T Sig T
@_BASN -.062693 -.072401 308610 -. 941 3481
9_C2C45N 121976 .138958 . 982087 1.01% .0707
@FH_HOR L1236810 .142440 - 384454 1.865 .0639
A_PNS 098322 .102570 599745 1.337 .1832
AGE L230445 267117 . 996000 3.593 .0004
CI_FI -,026161 -.030373 . 999135 -.3% 6342
H_MP L309780 346798 . 929048 4.7%2 .Q000
INT.MX.L ~.03976% -.044431 .92530% -.57¢ .56351
MCF -, 070624 -.080933 . 973502 -1.052 .2%41
P_FNS L149708 .173101 991059 2.278 .0240
PHW_PSP -.168820 -.19%539%6 .393412 -2.502 .0107
FNS_RBA .040988 046383 957507 604 3464
RAM_MCF 085741 .09913%2 .995325 1.2 1974
T__AREA .1912%2 .209402 L0077 2.776¢ .GOS6L1
T__INT.M L216961  .24945% -I80008 3.33% .0010
TL .222273 (244547 897307 3,269 .0012

L I I I I B B I IR TR I I R N R B B A LA

Variable(s) Entared on Step Humber

2.. | . g
Multiple R .50960 .
R Square 34788
Adjusted R Squarse .14009
Standard Error $.51632
Analywis of Variamce
or Sum of Squaras Mean Square
Regressioa 3 6499 41011 3249.70508
Ragidual 168 12184.65176 72.52769
Fs 44.90641 Signif F = 0000

¢es+ NULTIPLE REGRESSION ****
FEquation Wumber 1 Dependent Variable.. [sFine 4

Variables in the Equation =

Variable 3 SE 3 Bata T Sig T

BMI .591021 .08963% L436114 6,592 .0000
H @ . 451432 .094408 .109780 4.792 .0000
{Constant) ~-12.203501 2.9%0782 -4.080 ,0001
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............. Variables noc in the Equation

Variable Bata In Partial Nia Toler T Sig T
@_BASN .00747% 008957 79901 116 .%0R0
@_C2C4SN 0373514 .043619 .852174 564 .3732
@FH_HOR .0391860 .p46022 B499% .59%  .5%924
A_PNS 078246 .0%60825 927971 1.257 .2108
AGE 1543132 .18184) 444720 1.3% .0180
CI_FI -.0508629 -.D62463 .922992 -.509 .4198
INT.MX.L .031243 .036272 .331703 469 6397
MCP .023780  .027673 142012 A58 .7210
pP_ENS .087361 .105001 983153 1.364 .1743
PHW_PSP -.120874 -.146733 .9013%3 -1.817 0570
PNS_BA .0S5591 .06738% 887659 BT L3MMT
RAM_MCF .100527  .12404% 926428 1.615 .1081
T__AREA 075679 .08081Y LT4ATIR 1.048 .29%62
T__INT.H L.010808 .009446& 474374 .122 .%030
™ L095181  .0985%6 .6§99210 1.200 .2024
LA MULTIPLE REGRESSION tr .
Equation Number 1 Dependent Variable., 02DIFP
Variable(s) Entersd on Step Number
i..

Multiple X . 60780
R Square 36942
Ajusted R Square 33810
Standard Error 8.3%917
Analysis of Variancs

or Sun of Squares Masan Square
Regression k) §903.21791 2300.77164
Residual 167 11781.7439%% 70.54%37
Fa 32.481324 Signif P = 0000
---------- ====w=e= Variables in the Equation
Variable ] SE B3 j T Ty T 8ig T
AGE .153571 0642862 .154312 2.390 .0180
EMI . §42343 .0893%0 . 440698 6.962 .0000
H_MP .182127 097646 L261643 3.%131  .0001
(Conatant) -18.750369 4.027%29 -4.657 .0000
cemmccer—sess VAriables not in the Equation -==e===-- -
Variable Beata Ia Partial Miz Toler T Sig T
§_BASN ,004209 .00%120 000751 086 .9473
$_cucism .055637 .065430 765348 45 L39%
SFR_NOR .030682 .036813 . 795521 .472 .6375
A_PNS L081723  .103813 . 843400 1.332 .i1s40
cI_rI -. 070796 -.097293 .844188 -1.260 .209%¢
INT.MX.L .01036% .0112011 . 7904862 158 8772
wr .037156 .043816 .78301% . 568 5738
P_PNS ,059%28 ,071397 023817 .921 .15M4
PHN_PSP -.100016 -.122313 .832278 -1.508 .11l42
FNS_BA 045364 .055702 341009 L7189 472
RAN_MCP 086447 .1079112 396485 1.399 .1838
T__AREA 066286 .0T1874 . 735892 .928 1548
T INT.M L018984  .016845 443902 .2317 .0284
™ .097004 .102141 .6699%0 1.323 .1877
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L HMOULTIPLE AEGRESSION

Equaticon Mumsber 1 Depesjant Variabls.. Q2DIFF
End Block Number 1 FIN = .080 Limits rsached.
*+e+ve+ MOLTIPFLE REGRESSION *°**°*
Lisctwisa Dalstion of Missing Cata
Equation Number 1 Depandent Variable.. 02DIFF2
Block Number 1., Nethod: Enter
G_BASN @_C2C4SW GFM_WOR A_PNS AGE BMT cI_FI H_up
INT.MX.L MCPF P_PHNE FHW_PSP PNS_BEA RAM_MCF T__AREA
TL
variable{s) Entered ca Stap Humber
l.. TL
3.. ucr
3. cI_rI
4.. RAM_MCY
5.. ACE
§.. GFE_NOK
T.. RV_PSP
1.. MI
$.. A_FNS
10.. $_BASK
11.. T__INT.M
12.. r_ms
13.. 8_CAC4EN
14.. NS _BA
1s.. n_MP
16.. INT.MX.L
17.. T__AREA
Multiple R 43643
R Squars 19047
Adjusted R Square .09933
Standard Error 4.26%42
Analysis of Variaxce
Sum of Squares Mean Squars
Regression 17 §47.5%754 30.09387
Residual 151 2792.42032 19.22793%
P 2.00987 Signif F = .0099
. 0o MOLTIPLE REGRESSION LA
Zquation Mumber 1 Dependent Variable.. 02D1IFF2
Variables in the Equation ~=========-= ———— -
Variable ] SE 3 Bata T S8ig T
S_BASH -.00%110 .006218 -. 010634 -.106 .%160
8_CaACHASN . .005369 056244 0118627 .09% . 9241
SFH_HOR .0318%7 .073654 .039520 L4231 6743
A_PKRS .014317 .111018 .0127%2 .129 0976
AGE -.007288 L036766  -.017102 -.19% .8421
) 1 59 188916 .051337 .311430 3.681 .0003
cI_PI -3.178634 4.633070 - 058474 -.683 .4954
e .112167 .081184 .170982 1.382 .169)

-« s v =

T__INT.M



INT.MX.L

.010552
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080590 .0LE671 107 %149
Mmr 074806 .161160 053091 464 .6432
P_FNS -.035433 .068024 -.054250 -.524 .600%
PHW_PS?P -. 135757 .141066& -.09%318 ~.383 .337
PNS_BA -.D46644 140107 -.03%648 -.11% .71%32
RAM _MCF . 090568 116318 .068310% .T7% 4374
T AREA ~1.275T7T6E-04 .001328 -.016995 ~-.096 .%23¢
T __INT.M 1.920173 6.050%03 .040451 280 .7796
gy 015702 .087710 .027853 .17% .8583
(Conscant) .486427 13.09%781 .037 .9704
End Block Number 1 All resquested variables anterwad.
« e MOULTIPLE REGRESSIOXN LA
Listwise Delecion of Missing Data
Equation Mumber 1 Depundent Variable.. 02DIFF2
Block Number 1. Machod: Stepwise Criteria PIN .0%00 POUT .1000
@_BASN §_C2CASN JFE_MCR A_FNS AGE BMI cI_¥I | & ]
INT.MX.L MCF P_FNS MON_PFSPF PFNS_BA RAM_MCF T__AREA T __INT.M
L

Variable(s) Entersd on Step Number

l..
Multiple R L36431
R Squaxre .133272
Adjusted R Squars .12753
Standard Errorxr 4.20206

Analysis of Variancas

Sum of Squares Nean Squars

Regrassioa 1 451.24046 451.24848

Reasidual 167 2948.76%41 17.65730

Fe= 25.5559%1 Signif F = .0000

----- wememmeeeew== Yariablas in the EQUation ---re-==——===-a==-=

Variabla B SE B lata T Sig T

M1 .22099%3 .043718 .364307 5.085 .0000

{Constant) -1.7TTL 1.370068 -1.291 .l1%88 .
*»see¢ HYgLTIPLE KEGRESSION ***°*

Equation Mumber 1 Dependant Variable.. 0I1DIFF1

cemmecocssas= Yarisbles not in the Equation ---=======--=

Variable Beta In Partial Min Toler T Sig T
§_RASK -,04529% -.040477 .393237 -.632% .%326
§_CIC43N .106509 .112168 960447 1.454 .1477
SFK_NOR 098338  .104912 . 307153 1.3%%  ,17%%
A_TNS 003474 .003730 999806 048 9417
AGE .037903 040660 R )ik kil .524 .6008
cI_rl -,030790 -.033032 .398215 -.426 .6708
H_MP 20351y 210747 .929%70 2.778 .0061
INT.NK.L -.067271 -.070066 .340856 -.90% 3668
uCP -.050038 -.03%3180 .9795%4 -.506 .4936
p_ms .03705% .03%528 906804 .510 .6110
i_PSP -,104705 ~.112320 .3910201 -1.456 .1471
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PNS_BA -.03016% -.03187) .967938 -.411 .&817
RAM_MCF 043106 _052660 997634 .600 4972
T_AREMN -096547 .09700% .190028 1.266 .2072
T—INT.M L1TTTES (188378 .373411 2.471  .0145%
TL .122503 .12448% -89557% 1.616 .107%

LA L B B R O I I R R R T

Variable(s} Entered on Stap Mumber

2.. H_MP
Multiple R -41381
R Square 17124 7
Adjusced R Square 16125
Standard Error 4.12004
Analysis of Variance
or Sum of Squarss Nean Square
Regreszion 2 582.215%3 191.10777
Residual 166 2817.00234 16.57471
P = 17.149%0 Signif F = .0000

LA A NULTIPLE REGRESSION LA
Equation Number 1 Dependent Variable.. O2DIFF1

-------- w—wawnmm=s Yariables ia the Equation -
Variable B SE B Bata T 8ig T
mMI .188321 .Geaeds L310449 4.237 .0000
H_MP 127566 . 245928 .20351% 2.778 .0081
({Constant) -3,382309 1.4698%] -2.301 .0226
------------- Variables not in the Equation ----=--r---=-
Variable Beta In PFartial Min Tolar T Sig T
9_BASH .001138 .,001200 278422 015 .77
$_C2CiSH .054%05 056751 387322 .730 .4683
OFH_HOR 045288 .047338 .253100 LE09 5438
A_PNS -.002353 -.002583 .929151 -.033) .973s

AGE -.023966 -.025057 .844212 -.322 .747Y
cI_rl -.040828 -.03531%7 .922628 -. 604 .4951
INT.MX.L -,.034216 -.025178 B49058 =324 .7487

nwr .012830 .013258 .240144 .170 .8650
P_PMNS -.0038591 -.006234 866463 ~-.080 .9343
PHW_PSP ~.073328 ~.073258 302908 -1.022 .3084
PNE_JA -.02139%94 -.022991 .398432 -,295 .7681
RAM_MCF .080170 .06€5915 .927119 49 L3974
T_AREA .0159%3 ,015056 L 747567 L1933 8469
T__INT.M 075558 .05049% 474533 .7%3  .45827

™ .033621 .030%M4 .T03212 L3988 .6911

End Block Mumbar 1 PIN = .050 Limits reached.

# 44+ MULPIPLE REGRESSION ** ¢

Listwise Deletion of Missing Data
Equation Number 1 Depandent Variable.. LOWEST O
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Block Numher 1. Method: Enter
@_BAsy 8 _CIC45M SPFE_MOR A_FPNS AGE AMT [os 9 4 4 o
gr.ux.:. wer PPEE  FUW_FSP PFNS_RA  RAM_MCP T__AREA 'rfrn.s
Variable(s) Enterad om Step NMumber
l.. TL
2.. 8_RASW
3.. AGE
4.. SFN_MOR
H RAM_MCPF
6.. CI_F1
7 PHW_PSY
s M
s.. A_PNS
10.. T_INT.M
11.. P_MNS
12. MCP
13, @_C2Cesn
14. PNS_BA
15. H_MP
16.. INT.MX.L
17.. T__AREMN
Multiple R 67878
R Square .46070
Adjusted R Square .401%4
Standard Error §.7%017
Analysis of Variance
or Sum of Squares Msan Square
Regression 17 10204.03074 600.23118
Rasidual 156 11944.74938 76.56891
Fa 7.23919 Signif F = 0000
A, MOLTIPLE REGRESSION e
Equation Number 1 Depandent Varisbla.. LOWEST_O
----------------- - Variables im the Bquation
Variable ] SE S Bata T Sig T
@_BASN .083108 ~174616 .029272 381 7183
@_cicasm ~.061267 113896 -. 052664 -.538 .5914
AFN_HOR -. 060492 .153800 -.02%856 -.393 .6%4s
A_PNS -. 337346 .224993 -.084218 -1.0%8 .3917
AGE =-.177834 .D74%30 -.164118 -2.371 .01%0
BMI -. 737847 .103793 -.488022 -7.109 .0000
CI_rr 14.310488 9.443446 .107269 1.568 .1128
b -. 473342 163105 -.299034 -2.89¢ .0043
INT.MX.L 066338 .199378 .042437 L3386 .737%
r -.18279% .326%71 -.0%1371 -.55% .576%
P_Mms 148796 .13805% .089577 1.078 .2828
PEV_PSP 485179 .A8%179 129681 1.631 .1049
PRE_BA -.2796400 .300141 -. 094716 -.932 .3329
RAM_ICP =-.335457 .437178 -.093060 -1.414 .1592
T__AREA S.777362-04 . 002685 .030443 .213  .832%9
T_INT.M 7.415719 13.985%439 .062087 .530 5947
™ =-. 042198 178443 ~.0239%92 -.236 .8134
(Constant) 113.461114 26.78135]3 4.237 .000C
End Rlock Nusbar 1 All requasted variables sntared,
LA MOLTIPLE REGRESSION ** ¢
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Liscwise Deleticn of Missing Data

Equation Number 1 Dependant Variable.. LOWEST_O

Block Fumber 1. Method: Stepwise Criteria PIN .0%00 POUT .1000
@_BASH Q_CIAC4SH GFN_MOR A_PHNS AGE BMI cI_rm | .
-?F'm'l' wr r_rug PNW_PSP PNS_EA RAM_MCF T_ARFA T__INT.M

Variable{s) Entered on Step Number

l.. EMI
Multiple R .549%7
R Square .30203
Adjusted R Square .2979%7
Standard Error 9.48045
Analysis of Variance
or S of Squares Mean Square
Regressicn 1 6609%,.62713 6609.62712
Residual 172 15439.17118 1%.37091
P = 74.42933 Signif ¥ = ,0000

.................. Variables in the Equation

Variable . ] SE B Bata T SigT
BMI ~. 529547 096154 - 549574 ~$.627 .0000
{Constant) 105.958%03 3.047671 314.767 .0000

#e«es+s YOULTIPLE REGRESSION ****

Equation Mumber 1 Dependent Variable.. LOWEST_ O

-------- +=-w= Yariables not in the Equation -~-======c==-
Variable Bata In Partial Min Toler T Sig T
§_BASN .021620 .0325733 998760 .337  .7368
@_cz2casx -.107702 -.126411 .361549 -1.666 .0%7S
SFH_HOR ~,1437860 -.146938 583882 -1.943 .0537
A_FNE -,003307 -.09%708 . 999859 -1.,310 .1%18
AGE ~, 226618 -.27069¢ . 985916 -3,677 .0003
cI_rx .059383 .071048 .$99127 .931  .31529
H_MP -.319866 -.369170 .929734 -5,194 .0000
INT.MX.L .019632 .022605 926340 .296 7678
M .033332 .03%311 974266 .51% .86070
_FRs =.140487 -.167442 L991458 -2.321 .0277
Pn_rs? .151362 .100693 . 995450 2.402 .0174
PNS_BA ~. 080966 ~-.094908 . 9595018 -1.247 .3142
RAN_CT -.097324 -.116224 .995378 -1.%30 .1270
T_AREA =-,200263 ~-.226181 .590149 -31.036 .0028
T_INT.X -.220877 -.261730 .980018 -3.546 .0003
™ ~-.233774 -.353903 .B98573 -3.433 .000Q7

..'...-.t-l...ltiﬂf.lﬂlﬂl..ﬁ'

variable(s) Entersd om Step Number
2.. A

Multiple R . 3020
R Square .39718
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Adjusted R Sgquars -3%010

Standard Error 5.833649
Analysis of Varizmsce

or Sum of Squares Maan Square
Regression 2 2796.50459 419%,.25229
Resadual in 133%52.29%70 78.081360
F = 36.32748 Signif P = 0000

LA MOLTIPLE REGRESSION ¢ e
Equation Number 1 Deparxient. Variable.. LOWEST_O

Variable E | SER Bats T SigT
aMI -.701554 092949 -, 464779 -7.548 .0000
H_MP -.505243 097266 -.319066 -%5.194 .00CO
(Constant} 112.410209 1.100298 36.258 .0000
----- w===w-== Variables not in ths Equation -~~--—-ecea=--
Variable Beta In Partial Min Toler T SigT
@_BASHN =.049384 -.061600 884280 -.806 .4215
§_CIC45M -.02276% -.027638 859137 -.360 .713%
GFH_HOR -.039091 ~-.048%28 556938 -.§3% .511%
A_PNB -.074984 -.096513 .3219018 -1.265 .207%
AGE -. 147367 -.100%97 846338 ~2.3%4 .0178
CI_FI LO037%4 .107%90) + 334160 1.410 .1604
INT.MX.L -.036481 -.068142 .B32663 -. 091 3744
MCcP -.0642382 ~.078209 340919 -1.023 .307%
P_PNS =.074372 -.092918 .883371 -1.217 .3231%4
PHW_PSP .099705 .1260%% .3005%0 1.657 .09M
PNS_BA -.094331 -.11949%6 . 130090 -1.569 .1184
RAM_MCF -.108%584 -.1394238 .9267%6 -1.836 .0s81
T_AREA -.082341 -.091647 .T4RTYS =-1.200 .2318
T _INT.M -.00331% -.003007 LA69479 -.019 .98
TL -.092032 -.09937% .70103% -1.302 .1%48&

#*ese+ NULTIPLE REGRESSION ****

Fquation Number 1 Dependanc Variable.. LOWEST O

Variable(s) Imtered om Step Mumber

3.. AGE
Multiple R L6456
R Squars 41682
Adjusted R Sguare .406%3
Standard Errer 0.71672
Analysis of Variance
Sum of Squarse Mean Square
Regression 3 9231,9%21% 3077.33073
Residual 170 12916.30810 75.30122
7. 40.50120 Signif F = .0000

cremmmusnmeeee=w= Variables in the Equation =

Variable | SE 3 Beta T Sig T
AGE -,159400 LO66581 -.147267 -2.3%4 .0178



BEMI -.734026 .092687 -. 486291 -7.91% .0000
H_MP -. 433142 .100%61 =.474219 -4.30T .0000
{Conacant) 119.231204 4.179764 28.528 .0000
------------- variables not in the Equaciom -=—===s=cee=-
Variable Beta Im Partial Min Toler T Sig T
@_BASN -. 046366 -, 058864 .806353 =787 4444
?_C2CASN -.039%62 -.048538 .772%22 -.632 .5284
@FH_HOR -.031738 -.03%503 . 792116 ~-.514 .600C
A_PNS -.077065 -.1018% 45472 -1.332 .1848
CI_FI L111873 143501 . 845922 1.085 .0&11
INT.MX.L -.037248 ~.045300 . 790492 -.5%90 .5562
MCF -.077420 -.0953281 .78877) ~-1.244 .2151
P_PNS -.047335 -.058910 824064 -.767 .44dl
PHW_PSP .079461 .100928 .832972 1.319 .139%0
PNS_BA -.085276 -.108998 043047 -1.425% .1559
RAM _MCPF -.09559%7 -.124198 .842853 -1.627 .10%56
T__AREA -, 074150 -.08379%7 .T28055 =-1.093 .2759
T__INT.M -.011201 -.010310 A41649 -.134 .8913
by -.093781 -.102962 .673636 -1.346 .18302
*++¢+* MULTIPLE AEGRESSION ***°¢

i18

Equaticn Mumber 1 Dependant Variabla.. LOWEST_O
fnd Block Mumber 1 PIN = .0%0 Limits reached.
L MULTIPFPLE REGRESSION e
Listwiss Deletion of Missing Data
Equation Mumber 1 Depandent Variable.. LOMGEST_
Block Number 1. Mathod: Enter
@_BAEN §_CIC4SN FTI_ROR A_PNS AQE I CI_FI Mr
INT.MX.L MCP P_FNS PW_PS? PNS_BA RAM MCT T_AREA T_INT.M
™

variable{s) Entersd om Step Rumber

1.. TL
a.. wr
3. cz rr
4.. RAM_NCY
5.. AR
§.. SFI_NOR
T.. no_rse
.. nt
9. A_MS
10.. S_BASH
11.. T__INT.M
13.. _rus
13.. 8 _CaCesm
14.. ME_BA
15.. e
i6.. INT.MX.L
17.. T __AREM
Multiple R . .51281
R Square .26277
AMiusted R Square .18031
Standard Error 231.98337

Analysis of Variance
Sum of Squaras
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Reagression 17 31162.56474
Resicual 152 97410.680126
F = 3.1ss87 Sigmif F = 0001

#*e** MULTIPLE REGRESSION

18313.09204
573.20186

Equaction Mumber 1 Daperyisnc Variable.. LONGEST

------------------ Variables in the Egquation

v w ® &

Variable ) | SE B Bata
@_BASN -.9%56292 483082  -.19077%
@_C2Casu .103314 .315792 .037882
@FH_HOR .172150 .424237 .036224
A_PNS .272612 .623%533 .041215
AGE . 742471 .205867 296102
BMI .790358 L204977 .228459
CI_FI1 10.711864  26.043732 .033407
H_MP -.15%0204 451887 -.040609
INT.MX.L =1.057689 549246 -.280032
MCF .325870 .503442 ,111930
P_PNS .530124 379435 .137054
PHN_PS? -.039775 .790708  -_004763
PNS_BA .438782 .832T734 .063903%
RAM_MCF 308779 .651229 016771
T__AREA 4.01209E-04 007441 009069
T_INT.M 15.211945 318.463371 054438
™ 313916 492119 .094324

{Constant) §7.256816 71.5178%9

T

-1.976
.27
.406
.437

3.607
2.901
-411
-.332
~1.926
1.033
1.397
-.050
.330
474
.054
.393%
.633
.915

End Block Mumber 1 All requested variables entered.

Sig T

L0499
. 7440
.8855
6626
.0004
.0057
L6014
. 7401
.0360
L3071
1644
.959%
.5968
.6361
.9571
.6930
Brit
L3617

T _AREA T_INT.M

LA A MOLTIPLE REGRESSION

Listwise Deletion of Missing Data

Equation Numbar 1 Depandant Variable.. LOMGEST_,

Block Mumber 1. Method: Stapwise Criteria PIN .0300
F_BASH  @_CIC4SN GFN_NCR A_FNS AGE = CcI_ri
INT.MX.L MCT P_PMNS FIN_PSP PMS_BA RAM MCP
™

Variable(s) Emtsrsd on Step Wumbex
1.. AGE

Multiple R .32147

R Square .10334

Ajusted R Square .09001

Standard Erxor 25.15871

Analysis of Variance

Sum of Squares Mean Squars

Regreasion 1 1225%.8700% 122%5%.87008

Residual 1¢3 106337.3779% $32.96088

Fa 19.36277 Signif F = 0000

Variables in the Fguacion
Variable .} SEB seca T Sig T
AGE .90600% .183188 121471 4.400 .0000

. ® & &
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{Constane)  -1.673929  §.G07988 194 846G

**** MULTIPLE REGRESSION ++++
Equation Number 1 Depandent Variable.. LOEGEST

............. Variables not in the Equatiom

o e

Variable Beta In Partial NMin Tcler T Sig T
3_BASN -. 148775 -.156868 .99685Y -2.053 .0417
@_C2C4SN .1281%0 .135330 .999320 1.768 .0794
@FH_HOR .092%10 .097280 - 90297% 1.283 .2083
A_PNS 007937 .008371 -99%4% .108 %140
BMI 216790 (220483 9986014 3.033 .p02s
CI_FI 27T 020828 964040 373 7098
H_WP 228310 .22%839 .9239%60 3.04% .0037
INT.MX.L =-,110175 ~.118368 998563 -1.513 .13z32
MCF -, 050988 -.0%301) . 989259 -. 688 _.49%36
P_PNS 177904  .182077 .93%213 2,333 0178
PHW_PSP -.15%052 -.l164584 860124 -2.156 .031%
PNS_BA 7.608E-0%5 .000080 338501 .g01  .99%2
RAM_MCF .OLB382 .019340 592473 250 ,B02S
T_AREA L139588  .146360 980194 1.312 .Q%574
T __INT.M 234766 .24403% . 968854 3.252 .0014
™ 180418  .103427 . 908463 2.493 .013¢

LI B B AR I A B N R B I K BN BN JEE N IR Y CREE SR RN N I

Variabla{s} Entered on Step Number
2.. T__INT.M

Multiple R .39991
R Square 15674
Adjusted R Square 14664
Standard Error 24.47101

Analysis of Variance

=) 4 Sum of Squares Maan Square
Regression F 18508.5%300 $394.296%0
Residual 167 100004.685430 598.83026
F= 18.5207% Signif F = .0000

LA MULTIPLE REGRESSION LA N
Fguation Number 1 Depmndent Vaxiable.. LONGEST_

Variables in the Equation

Variable ) ] SE B Bata T Sig T
AGR 7031919 .181022 4800239 3.07% .0002
T_INT.NM 65.81616% 20.1775%08 2347648 3.2%2 .0014
([Constant) -5§,3510%3 18.78358%2 -3.000 .0031

“wnoneaecvees Yariables not in the Equation -----c-ceee--

Variable Bata In Partial Min Taler T 8ig T
8_BASH ~.124430 -.134427 958708 -1.748 .0823
$_Caceasx 066858 .069438 .887078 897 3711
SFH_HOR .052299 .058527 336831 T LeTaT

A_PFNS .009903 .010783 .968741 L1319 6097



EMI L183307  .1909%1
CI_FI -.0132136 -.012797
H_MP .114%02 .D84864
INT.MX.L -.026719 -.026928
MCF -0103%6 .010766
P_FNS 16467 (173487
PHW_PSP -.094701 ~.096008
PNS_BA .008311 .009256
RAM_MCF -9.761E-04 -.001033
T_AREA .060361 .0€9288
TL .114348 .1163%0

® & & &

NMULTIPLE
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. 943300
-937324
-481%40
-5308%7
-504082
913034
066693
-967027
.942111
156360
255734

1,816
-.163
1.123
-.347
.128
2.270
-1.243
-119
-.01l4
.095
1.509

.0097
8692
.2629
.72%
-3598
.0249
.21537
.$052
-9092
-3722
-1331

- n & =

REGRESSTITON
Equation Number 1

Depandent Variable.. LONGEST_,

Variable{s) Entered om Step Number
3., BMY

Multiple R 43603
R Square .1%012
Adjusted R Square .17548
Standard Exrror 24.053%
Analysis of Variance

or Sum of Squarwes Mean Square
Regression 3 22546.93134 751%.84378
Residual 166 96046.31666 578.59227
Fa 12.9893%3 Signif * = 0000
o e Variables in the Equation
Variable ] SEB Bata T Sig T
AGE .T44441 171668 .a96087 4.167 .0000
BMI 647563 247578 185307 2.616 .00%7
T__INT.M 57.462951 20.077077 .205598 2.262 .0043
{Constant) ~70.041641  19.2764%53 -3,.67% .0003
———————— ~=—n= Yariables not in the EQUaAticn -ws~r=cecmeowes
Variable Bata In Partial Min Tolex T Sig T
@_BASN -.149308 ~-.163360 .92%454 ~2.127 .0249
@_ClCASW 037578 .019444 877211 .507 .#$128
SFN_HOR .032272 .0347%3 .319978 447 .86337
A_PNS .006%16 .007683 .945386 .099 .9215
cI_rI -.01%391 -.016527 920144 -.213 .83
o .048634 .038170 LA48148 463 6428
INT.MX.L «,114605 -,10969%1 . 740085 =1.418 .13583
MCY -.039962 -~.031000 866297 -.390  .6%09
P_FNS .146210 .158412 .904150 2.034 .0433
PEM_PEP =-.118116 -~-.121423 45326 -1.571 ,1100
FES_EA -.032855 -.033584 . 929573 -.457 .6480
RAM_MCPF 013438 014701 .937027 .190 8496
T_AREA .006954 .008822 .T79560 .088 .%303
TL .061333 .06078% 794945 702 .4353

LA A MULTIPFLE e e

REGRESSION

Equation Number 1 Dapendant Variabls.. LONGEST._

Variable(s) Entered ¢n Step Numbar
4.. 3_BAsSN
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Multiple R .46014
R Square 21173
Adjusced R Square .192%2
Stancdard Erzror 23.80283
Analysis of Variamcs

or Sum of Squares Mean Square
Regression 4 45110.06510 6377.51627
Reaidual 165 93483.102%0 566.56474
F= 11.079% Signif F = .00Q00
------------------ Variables in the Equation -~-—==-=-s=meoo——ca
Variable ) ] L. 3 ] Beta T Sig T
@_BASN -.748431 351877 -, 145308 -2.137 .0349
AGE .735174 176855 .293192 4.137 .0001
AMI . 712099 246863 .203773 2.005 0044
T__INT.M 51.91078%0 20.038060 .185710 3.5%1 .0104
{Constant) 29.083111 50.704733 574 L5670

------------- varisbles not in the Equation --s=====---==

Variable Beta In Partial Min Tolsr T Sg7T
8_C2C4SN .05199% 0835102 .B57367 L7077 L4807
OFH_HOR L031246 . 034106 .905036 .437 . 6627
A_PNS .020065 .0233%2 .92%452 L300 .TH48
CI_Fl -.007648 -.008328 .902907 -.107 9152
M .003346 .001951 430573 L0851 .8597
INT.MX.L -.0n5623 -.081532 .714742 -1.048 .2964
Mcr .058021 .053562 671760 L6807 L4931
P_PFNS .137338  .1483531 . 904080 1.923  .05623
PEW_PSP =.095033 -.090654 .233396 -1.270 .3060
PNS_BA .046313 045147 L749074 .579 5636
RAM_MCF .052%56 .057239 911443 .734  .4639
T_AREA -.004433 -.004399 .775935% -.056 .9351
T~ .0%3532 .05369%¢6 .T9309Y .68%  .4320

e+ ¢ JNULTIPLE REGRESSION ***°
Equation Mumber 1 Dependent Variable.. LOMGEST_,

End Block Number 1 PIM = .050 Limits resached.
s e MULTIPLE REGRESSION ' .

tistwise Deletiem of Missing Data
Fgquaticn Mumber 1 Depandent Variable.. AVE_02
Block Numbar 1. MNasthod: Enter

S_BASN  #_CIC45M SFM_NOR A_PFNS AGE mr crr n_mp
INT.ME.L NCP _Ms FIM_PSP PNS_SA  RAM_MCF T__AREA T__INT.M
TL

Variablei(s) Entersd on Step Number

1i.. ™ -
3.. wr
3.. cI_r:
4.. RAM_MCF
5.. AqR
$.. SFE_NO%

7.. "_rse
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s.. BMI
... O _BAEN
10.. A_PNS
11.. T..INT .M
12.. P_PNS
13.. §_CaC4esH
14.. PNS_BA
15.. K_MP
16.. INT.MX.L
17.. T_ARER
Multiple R .58114
R Square -337%6
Adjusted R Square .26%535
Scandard Erxor 4.08600
Analysis of Variances
Sum aof Squarss Mean Sguars
Regrassion 17 1321.00%%2 77.70621
Residual 155 2507.7823% 16.69537
| 4.65436 Signif F = 0000

* e e XOLTIPLE REGRESSTION ..
Equation Number 1 Dapenident Variable.. AVR_02

Variables in the Equation -

Variable B gE B Bata T Sig T
G_BASN .002%43 .081488 .003270 .037 .9708
9_CIC4sm -.011223 .082747  -.022033 -.213 .318
SFH_HOR -.0%3145 .070670 -.062758 -.7%2 .4532
A_TNS .021635 .105195 .018210 .306 .8371
AGE -.004222 .035067  -.009266 =.120 .9043
EMI -.231546 .048857  -.360318 -4.76% .0000
cI ri 5.026313 4.43555% .100035% 1.314 .1909
H_MP -.126538 .076874  -.190011 -1.646 .1018
INT.MX.L .001495 . 094011 .002242 016 .9372
Mcr -.140327 153777 -.093411 -,913 .362%
P_FN3 045686 .064271 .065%64 ,711  .4783
FHW_PSP 053504 .133737 038211 .396 .63%35
PNS_BA 028677 140409 .022875 .304 .0388
RAM_MCY -.133014 .110952  -.001670 -3.116 .2682
T_AREA -.001208 .00125%  -,151130 -.961 .3373
T_INT.M -4.343559 6.546041 -.08505%9 -.663 ,5080
L 010901 .083511 .010084 .131  .8963
(Constant) 100.771416 13.5032872 8.080 .DOOC .

tnd Block Mumbexr 1 All rsquasted variables entered.
L MOULTIPLE REGRESSIOR . xw

Listwise Deletiom of Missing Data
Equation Nusbar 1 Depanclant Variabla.. AVR_02

Block Mumber 1. Mathod: Stepwize Critaria PIN .0%00 POUT 1000
S_BASN  $_CIC4SM QFM_HOR A_PMNS AGE BMI CI_PFI N Mr
INT.MX.L MCF P_FNS PHW_PSP PNS_BEA RAM_MCT T_AREA T__INT.M
TL

Variablei(s) Entersd cn Step Number
1.. I
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Mulciple R 46477
R Square -21801
Adjusced R Square 21141
Standard Error 4.233328
Analyais of Varizmace

oy Sum of Squarea Mean Square
Regression 1 844.1%243 U44.35263
Hesidual 171 ID64. 43522 17.92087
F = 47.11612 Signif F = 0000

................. Variables in the Equation

Variable 3 SE B Bata T Sig T
BMI -.290670 .043512 ~-. 464773 ~-6.864 .0000
(Constant} 100.270288 1.3764407 12.34% .0000

L HULTIPLE REGRESSZION LA
Equation Numbar 1 Dependent Variablise.. AVR_02

------------- Variables oot in the Equation --w-=======--

Variable Beta In Partial Min Toler T Sig T
8_BASN .023800 .026778 .992514 L3499 7273
8_C2C4SN -,.116674 -.129036 850916 ~1.697 0918
@FH_HOR -. 128605 -.144714 591457 -1.907 .0582
A_FNS =.034728 ~.039%9220 999952 -.512 .60%%
AGE -.073970 ~.083419 997066 =1,091 .27&&
Cl_FI .088792 .100183 .590052 1.313 .1%10
H_MP ~.203268 -,109777 .937590 -4.248 .0000
INT.MX.L 014439 .0157%7 .937120 206 .M
mr L013352 .03491) .978021 194 . M60
P_PNS -.074092 -.087873 . 992478 -1.15¢ .39%17
PHW_PSP .080333 .090554 396101 L.186 .327%
FNS_AMA -.046611 -.051777 967404 -.676 .5000
RAM_MCP -.0%3070 -.105813 996169 -1.387 .1&71
T__AREA -.229038 -.24389%% .897353 -3.308 .o0011
T__INT.M -.2513280 -~.200633 977472 -3.012 .0002
TL -.212651 -.227068 . 900203 -3,0%1 .0026¢

LK R NN JNN BNE BN BN N JEE JNE NN B K BN BN A BE R BN B B BN B K IR

Variable(s) Emtarwd on Stsp Number

2..
Multiple R 53967
R Square 491358
AMjustced R Squars 28391
Standard Eryor 4.03686
Analysis of Variancs
Sum of Squares Mean Squard
Regraasion 2 1138.42188 569.210%4
Reasidual 170 1770.36392 16.29637
| 14.92491 Signif F =« 0000

*+ ¢ NULTIPLE REGRESSION ****
Equation Mumber 1 Dependent Variable.. AVR_02
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................ ~- Variables in the Equaticn

Variable SE B Rata T Sig T
BMI -.253193 .0421%2 -.3%4007 -5.%09% .0000
H_MP -.100642 044403 -.281263 -4.248 0000
{Constant) 102.731180 1.434707 71.604 .0000
------------- Variables not in the Equation -======ec==a=
variable Bata Im Partial Mim Tolar T Sig T
$_BASN -.040190 -, 046340 .590113 -.603 .%471
3_C2CASN -.04549% -.051023 871462 -. 664 .507%
@FH_HOR -.0%53%24 ~.061084 .B60044 -, 796 .4274
A_PNS =.027989 -.033235% .937021 -.432 .6661

AGE .010924 .012226 . 250237 .159 .873%
CI_FI .112553 .13309% .931026 1.746 .0827
INT.MX,L ~.052650 -.0589¢7 052542 =. 760 4436

MCF -.077866 -.087166 251456 =1.137 .2569
P_PFNS «.014464 ~.016643 -AR§251 -.216 .0289%
PHW_PSP .030073 .03%5028 .304908 LA56 L6492
PNS_BA ~. 050608 -.0685013 . 905374 -.8%3 ,3711
RAM_MCF -.102892 ~.121%30 .9315065 -1.597 .1l122
T__AREA -.135063 -.13%079 . 751527 ~1.828 .06%6
T__INT.N -.110726 ~-.092169 471061 -1.203 ,230%

TL -.100283 -.100170 .707159 -1.309 .1%24

End Block Number 1 PIN = .050 Limits resached.

¢e*s YULTIPLE REGRESSION * &9+

Listwisae Delatios of Missing Data

Equation Mumber 1 Dapendent Variable.. AVR_AFNE
Block Number 1. Method: PEntar

G_BASK 8_CIC4SN @GFN_MOR A_PNS AGE EMI cI_ri o
INT.MX.L MCF P_MNS FIN_PSP PNS_BA  AAM _MCF T_AREA T_INT.M
™

Variable(s) Entersd on Step. Number

1.. ™

1.. e

3,. cI_ri
4.. FAM_CY
S.. AGR

§.. SFI_BoR
7.. m_rep
:.. | 4

’.. A_FNS
10.. S_BASH
1i.. T INT.X
13a.. P_FES
13.. $_CAC45N
14.. BA
i8.. M
16.. INT.MX.L
17.. T__AREA

Multiple R .50821

R Square .2502%
Adjusted R Square .17%32
Standard Error 5.38%17
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Analysis of Variance

DF Sum of Squares Nean Square
Regression 17 1535.01872 90.29%22
Remidual 152 4400.32834 1% .00121¢
F o= 3.11340 Signif F = 0001

¢ e MOLTIPLE REGRESSION e
Equation Number 1 Depandanr Variabls.. AVR_APKE

.................. Variables in the Equation

Variable 3 SE B Bata T Sig T
#_BASN -. 066067 100654 -.05mRTs -.608 .5441
@_C2C4sN 016361 .Q70%10 .027111 .23 .1l
@FH_HOR -.083304 .083261 -.078130 -.§73 .13
A_PNS .087154 .140012 -0508%9 .622 5346
AGE .409911 . 046227 .372344 4.5321 .0000
BMI .031142 .0639%) .039815 487  .6271
CI_FI -.580184 5.848016 -~.00819%4 -.101 .3300
H_MP 063437 .101469 .079027 .645 .5200
INT.MX.L ~.286030 -123331  -.347%44 -2.319 .0417
MCF .1%0652 .402873 .102%60 L9400  .3489
P_PNS .036393 .085201 -0§5126 682,509
PHW_PSP -.031081 177350 -.016624 -.175  .9413
FNS_BA .0l0660 185864 .006%18 L087  .9%43
RAM_MCF .015214% .146231 .00809%4 .104 .9173
T _AREA -.001306 .001671 -.131704 -.781 .435%
T__INT.M -6.749716 0.636790  -,107876 -. 782 .4357
L .264766 .110%03 .315537% 2.1% .017%
{Constant) 17.60309¢  16.350813¢ 1.066 .2380

End Block Number 1 All raquested variables entered.
e v MOLTIPLE REGRESSION o

Listwise Deletion of Missimg Data
Equation Number 1 Depandsnt Variable.. AVR_AFNE
Block Number 1. Method: Stapwise Criteria PIN .0500 POUT .1000

P_BASH  S_CICASN STH_NOR A_PNS AGE 14 CI_FT o
INT.MX.L MCP r_rus FIWN_PAP PNS_EA RAM_MCF T_AREA T__INT.M
T

Variable(s) Eataced oa Stsp Mumber
AGR

l..
Multipls K .37143
R Square .1379%6
AMijusted R Square .13283
Standard Exror 5.52236
Analysis of Variance
or Sum of Squarea Kean Square
Regression 1 919.93693 819.51693
Residual 168 $133.41013 30.49649
P 26.10827 Signif r = .0000

------ wwwwwssa=-ee Yariables ian the Equation
Variable B SE B Bata T Sig 7T
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AGE .20049%6 -040210 -171428 5.1835 .0000
{Constanc) 7.26%733 1.88%462 J.848 .0002

*#+++ NULTIPLE REGRESSION

Equacion Numbexr 1 Depandent Variabls.. AVR_AFNE

------- ~—-maw Yariables not in the Equatiom -—~——-m——meew-

Variable Beta In Partial Min Toler T Sig T
d_BASN -.093291 ~-.100322 .996485% -1.303  .1%44
@_CIC4SH .127807 .137608 .99%3120 1.79%  .0744
QFH_HOR 008719 .009311 .982975 120 .9044
A_PNS .031641 .034076 .999846 441 .5601
BMT .033271 .035763 .996014 L4612  .Edda
CI_FI -.023658 -.025029 . 364349 =324 .T467
H_MP .183068 .109529 .9319%60 2.494 .0138
INT.MX.L -,14183y -.1532659 .39856% -1.996 .0475
MCF ~,0%1227 -.0%4319 . 969259 -.703 .4830
P_PNS 129081 .115370 .935213 1.768 .0788
PEN_PSP ~,127348 -.134390 960124 -1.753 .0818
PNS_BA -.0465%70 -.0505353 .398518 -.654 .5139
RAM_MCTF -.013153 -.014112 L39347% -.182 .98555
T__AREA .0%51908 .093%3851 .9801%6 JT16 . 4T7AT
T_INT.M 143910 .152543 968854 1.995 0477
™ .180071 .1%2833 .JAR463 2.539 .0120

"lt..'."'.'.'.'l".ﬁ."""

varisble(s) Entered cn Step Number

2.. TL

Multiple R .41232
R Square .17001
Adjusted R Square .16007
Standard Errxor $.43473
Analysis of Variance

oy Sum of Squares Mean MUAL®
Ragression 2 1010.4294% 50%.21484
Residual 167 4$32,91717 29.5334)
Fa 17.10365 Signif * = .0000

+++s HULTIPLE REGRESSION ****

Equatiom Numbsr 1 Dapendent Variable.. AVR_AFNE
smmmcesscveecewn=-== Variables in the Equation -=-=w-----====-=e=
Variable | SE 3 Bata T 8¢ T
AGE 197638 039904 .352007 4.965 .0000
™ .134159 .05282% .180071 2.5%3%  .0120
(Constant) =-3.776181 4.7304089 -.798 4259

cmesenemm—=== Jariables not in the Equation -=====s====-=
Variabla Bata In Partial Min Tolar T Sig T

S_BASH «,085130 -.033198 .983913 -1.206 .22%%
8_CacesM 066798 .067161 .829933 867 3870
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GFH_HOR -.031620 -.033613 -337401 - 433 _66%3
A_PNS -.053818 -.053334 .8118&0 -. 688  .4923
BMI -.019281 -.0302%1 .8803232 -.3%0 .s71
CI_FI .010053 .D10658 -932493 137 2909
H_MP 119797 109341 691540 1.417 .15}
INT.MX.L ~.265310 -.263619% .811153 -3.521 .0006
MCF ~.064333 -.063349 .3335721 -.09% .3717
P_PNS .051343 .058808 . 7648308 753 L4409
PHW_PSP -.106034 -.114062 946110 -1.479 14190
PNS_BA ~-.118413 -.122709 .882271 -1.593 .11
RAM_MCF .00525%0 .005711 978159 074 (%414
T__AREA -. 248412 -.146315%9 363890 -2,131  .034¢
T__INT.M L092569 .0939%3 55734 1.218 .23%¢

s s MULTIPLE REGRESSION ke
Equation Number 1 Depandent Variable.. AVR_AFER

Variableis} Entersd on Step Number

i.. INT.MX.L

Multiple ® A477W?
R Squars .237%%
Adjusted R Squars .31173
Standard Error 5.43844
Analysis of Variamce

or S5um of Squares Mean Square
Ragression 3 1353.24249 451.08083
Rasidual 166 4590.10457 27.65123
ras 14.2132] Signif F = .00Q0C
rreesmescsccas---= Yariables in the Equaticn
Variable | ] SE B Beta T Sig T
AGE 196472 .038512 .350008 5.102 .Q000
INT.MX.L ~-.218100 .0819%42 -.46%5310 -3.521 .0006
T 4183103 096434 .293011 1.86% .0002
{Constant) 7.296823 5.553167 1.314 .1907
cmsmscccse~ee Yariables not in the Equation +-~--====-- -
Variable Bata In Partial MNia Toler T Sig T
3_BASN -.016520 ~.017938 .750186 -.330 ,BlR0
8_CICeSH -.035372 -.034236 -1} kKl -.440 .6605
sFH_HOR -,084817 -.0%1563 LT47950 -1.181 .33’
A_rns .039194 .0300%9 . 728176 .490 .$2%0
M 013000 .01269) .T63448 .163 .9707
cI_r: «.023758 -.0250467 . 800941 =.332 .T400
M -, 015386 -.013118 . 490537 =.168 .36&4
-~ 4 099724 .093199 . 573118 1.202 .,2309
p_rus .00656§ .005609 . 699541 1.10% .2709
nmei_rty -.011905 -.012123 693606 -.156 .8764
NE_BA .023489 .040499 . 530018 .163  .7928
RAN_MCY .007587 .008555 .80350 .110 .9126
T_AREA =-.122844 -.079063 .319%08% -1.019 .31098%
T_INT.M -.1086798 -.088800 .511299 -1.143 .3538

s++se MULTIPLE REGRESSION ***°*
Eguaticn Number 1 Dapandent Variable.. AVR_AFNE

Exd Block Mumber 1 PIN = .0%0 Limits reachad.
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F = 7.91056 Sigmif F = .0001

- Variables im the Equation

Variable B SE B Beta T SigT
AGE 342545 .1220%7 .411207 4.806 .005%S
EMI .427101 .168322 186334 2,539 .0120
P_PNS L399171 187732 .161007 2.126 .03%0
{Constant) -16.0§7321 10.114411 -1.58% .1141
—=o=u-n———r~= Yariables not in the Equation --~--=mceee —
Variable Bata In Partial ¥in Toler T Sig T
@_BASN 070066 .074506 920615 .957 .3401
@_C2casN -.088227 -.0%2488 .923201 ~1.190 .2360
@FH_HOR =.099849 -.104791 .913024 -1.34% .1791
A_PNS .009234 . 009326 .B242L0 .11% %051
CI_FIL =-.071927 -.073484 A54515 -.544 3468
H_MP -.086652 -.0839M) 821438 -1.07 .2320
INT.MX.L 016304 .016308 -343150 .209 .8348
MCF .040641 .042109 3982312 .540 .5%01
PHW_PS?P .035509 .034323 .789295 .440 . 6608
PNS_RA -,01%198 -.019389 .B3606Y -.248 .8042
RAM_MCF .0957389 .102045 .924010 1.J14 .19%08
T__AREA ~. 043963 -.040612 .602502 -.521 .6034
T__INT.M 0038803 .0060B6 .902850 078 .9380
T =.077736 -.07074) .744043 ~-.508 3651

e MULTIPLE REGRESSION L
Equation Number 1 Dapendent Variable.. LOWGESTL

End Block umbar 1 PIN » .050 Limnits reached.

*e** NULTIPLE REGRESSION * -~

Listwise Deletion of Migsing Data

Equation Number 1 Depundent Variable.. AVR_BYP
Block Number 1. Mathod: PEnter

S_BASN 8_CIC4SW SFM_HOR A_PNS AGE BMI CI_FI x_M»
INT.MX.L NCP s FID_PSP FNS_BA RAM_MCF T_AREA T__INT.N
™

Variablei(s} HEntsced o Step MNumber
™

l..

a.. wr
1.. CI_rI
4.. RAM_MCY
LI AGR

§.. Fn_nox
7.. rm_rse

s.. nx

y.. A_MS
10.. 4 _BASH
11.. T_INT.X
1a.. r_rs

13.. §_Cacesw
14.. FRS_BA
1§5.. | &
1%.. INT.MX.L
17.. T_AREA
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# &+t MUOULTIPLE

* & b

REGRESSION

Listwize Dalecicm of Missing Oata

Equation Mumber 1 Dependent Variahle, , LONGEST1

Block Number L. Method: Enter

@_BASN O_CICASN WFH_MOR A_PNS AGE BMI CI_rL e
g’l‘.lﬂ.l— MCF P_PMNS MOI_PSF PNS_BEA RAM_MCF T_AREA T_INT.M

Variable(s) Entered on Step Number

1. TL
2.. ner
3. cI_FrI
4. RAM_MCF
5.. AGE
§.. SFN_HOR
Tow PHA_PSP
8., BMI
.- A_FNS
10.. $_BASN
11.. T__INT.M
12.. P_FNS
13.. 9_Cacise
14.. PNS_BA
15.. N _Mp
16.. INT.MX.L
17.. T__AREA
Multiple R .419%8
R Squars .17638
Aijusced R Square .0B3ES
Standard Error 16.24514
Analysis of Variance
or Sum of Squares Mean Square
Regrasaion 17 2531.37048 501.%9%240
Rasidual 151 39849.58214 263.90452
Fa 1.80217 Signif F = 0216
* e MULTIPLE KEGRESSION L
Bquation Number 1 Depecdsnt Variable.. LONGEST1
Variables in the Equation
Variable » SE A Bata T S8ig T
@_BASN LI60067 L.327878 .111509 1.098 .32719
8_Cac4sw -.192128 .213545 -,10%728 -,900 .16%7
OFN_HCOR -.109767 L499180  -.036091 -.380 .7048
A_FNS .001133 LAL0%01  2.695E-04 .003 9578
AGE 379151 142509 .2337%6 2.681 .0084
BMI 524438 .195289 .22%048 1.636 .0000
oo 30 5 4 =21.322577 17.70%1%3  -.10279% -1.204 .330%
| & ] -.300€15 L107TES ~.127488 -.%77 .3303
INT.MX.L .325448 377616 .135918 .882 .3%01
nwr .=.11657% . 625528 ~-,021770 -.186 .8524
P_PNS .579400 .45919%4 .233702 2.23% .0289
PIN_PSY 261244 .537262 .048450 486 .637%
PNS_BA -.767700 .862394  -,173%3¢ -1.368 .1742
RAM_MCF .2%2573 441979 054440 .662 .30%0
T__AREA -.00328¢ 005089 -,115979 -. 646 .5198
T_INT.N 42.020323  26.142014 .233847 1.607 .1101
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™ .043146 -33373¢ -021247 .13% . 9as
(Conacant) -50.357776 50.8039%8 -.991 .3232

End Block Number 1 All resuestad variables emtared.

LS HNOLTIPFPLE REGRESSIOSN .

Listwise Deletion of Missing Data

Equation Number 1 Deparxianr Variable.. LOWGEST1

Block Number 1. Msthod: Stepwise Criteria PIN .0500 PMOUT .1000
@_BASN §_CICASH QFN_MOR A_FNS AGE BMI CI_FI H_MP
INT.MX.L MCF F_FNS FII_PESP PFRS_BA RAM_MCF T_AREA T __INT.M
L

Variableis) Entered cn Step thwmber

l.. MIE
Multiple R .24313
R Square .05914

Adjusted R Square .05350
Standard Error 16.51024

Analysis of Variance

oy Sun of Squarssa Msan Square
Regrassicn 1 2861,25797 1881.25797
Residual 167 45532.19508 271.50799
F= 10.49664 Signif r = .0014
--------- wemmm=sw- Yarisbles in the Equation
Variable » SE 3 Beta T Sig T
AGE .394403 .12173% .243181 3.240 0014
{Conatant) 13.043041 5.711008 2.284 .0237

LA MULTIPLE REGRESSION v e
Equation Number 1 Depandent Variable.. LONGEST1

------------ -~ Variables not in the Equatiom -----+~w======
Variable Beta In Partial Min Toler T S8ig T
8_BASN 074377  .07T8581 .998552 1.016 .3113
8_C2C45N -.039739 -.040%66 .999840 -.528 .39%%0
GFE_MOR -.0803176 -.004967 .981032 -1.0%% .273%
A_PNS 061550 .063450 . 399065 .19 .411%
EMI .2066%1 .212912 990356 2.008 .00%6
cI_rI =-,100343 -.101473 963169 -1.314 .19%06
MNP .007223 .00713% ,9L5487 .082 .9270
INT.MX.L .104311 .107433 .998037 1.3192 .165%7
ucr .0026%3 .083707 . 963003 1.082 .2807
p_TNS 185796  .185680 939694 2.438 0160
PHW_PEP -,022019 -.022218 .950008% -.208 .7750
FNE_BA .067549 .065360 .997731 .858 ,3703
RAM_MCP 487313 .0%0370 .$94134 1.169 2440
T__AREA .107082 .109307 980181 1.417 .1504
T_INT.M 045794 . 046387 964541 .998 .5504

™ L073451  .073244 LATINT 972 .3324
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* & § F & & XX R RS N TN R e R E S N o

Variable(s) Entered cn Stap NMumber

2.. EMI
Multiple R L1904
R Square .10179
Adjusted R Square 09087
Standard Exror 16.18020
Analysis of Variance
or S5um of Squares ¥man Squars
Regressicn 2 4914.98555%] 2462.42776
Residual 166 43438.59749 161.79373
Fa $.40580 Signif F = 0001

LA A MULTIPLE REGRESSION ¢« e
Equaticn Mumber 1 Depandent Variablae.. LONGESTL

mmmm e s e e e ———— Variables in tha Equation

variabla | ] SEB Beta T Sig T
AGE .40799% .11939% .251562 3.417 .0008
EMI . 47329 .168578 .206691 2.008 .0056
{Constant) -2.107974 7.7758331 -.271 .Taeé
--------- ~=== Yariables not in the Equation ~-=v-me-ece-e-
Variable Bata In Partial Min Toler T Sig T
8_BASN 060293 .06§3172 -992098 016  .4159
$_C2C4SN -.083284 -.08617% 980226 -1.111 .2682
SFHR_HOR -.110065% -.114325 .967380 ~1.477 .1416
A_PNS .059124 .062376¢ .990217 L3013 4232
CI_FI -.110780 -.114522 9581219 =1.481 .1406

H_MP -.059776 -.057800 233811 -. 744 L4501
INT.MX.L 056308 .0%7480 936084 L 740 . 4806

MCF .053379 .054747 344840 .704 .4833

P VNS .161007 .163308 .924077 2.1326 .03%0
PHW_PSP -.030108 ~.031069 . 956617 -.399  .e%02
PNS_BA .030847 .03196% .564507 .41 L6017
RAM_MCF .097105 .102062 992254 1.318 .l18%4
T_AREAR .040061 .03%29% RITEF .505 .6141
T_INT.M .010C8% .010301 .9363271 .132 . A%4)Y

TL .0034463 005407 479837 L0689 L9447

LA HMULTIPLE REGRESSION L
Equation Mumber 1 Dependant Variable.. LONGESTL

Variable(a) Emntared on Step Number

3.. _ms
Multiple R LA%460
R Squarce .12574
Adjusted R Squace .1098%
Standard Error 16.01128
Analysis of Variance
or Sum of Sguares Maan Square
Regression k| 6083.27%31 2027.935977

Residual 143 4229%.57371 256.2610%
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Multipla R .29349
R Square L0614
Adjusted R Sguare -.0L673
Stancard Error 4.55237
Analysis of Variance

or Sum of Squaras Mean Sguare
Regressicn 17 234.95470 17.35028
Residual 151 3129.232%31 20.72404
ra .33721 Signif F = 6483

* a4 MOLTIPLE REGRESSION L
Equatcion ¥umbar 1 Depandsnt Variable.. AVR_HYP

- — Variables in the Equation -

Variable | SE B Bata T Sig T
8_BASM -.05757% .091880 -,0670213 -.827 .5318
F_CIC4SN .013502 .0%5%842 020999 .226 .8213
GFH_HOR -.008211 .08103T -,010148 -.101 .51%4
A_PNS 106454 .117276 .095197 .908 .1633
AGE 066760 .019915 .154728 1.672 .0967
BMI 6. 13464E-04 0547236 .001007 .011 .9
eI_FI -3.432814 4.962637 -.06201% -.692 .4%02
H_MP ~.024707 .086246 -.039386 -.206 .7749
INT.MX.L .1095%4 .105819 .172038 1.036 .1020
MCr -.01100% .17%5394 =-.00772% -.083 .9500
P_PFNS .120436 0728634 .182601 1.658 .09%4
PHW_PSP L085420 . 150357 .04839% 461 6454
PNS_BA -.032704 .1573%9 -,.027758 ~,208 .33%3
RAM_MCT .Q97095 .123995 LO087911 L7846 4342
T__AREA -.001360 .0014286 -.180474 -.9%4 3417
T_INT.M 12.176002 7.325762 254409 1.662 .0936
Ky =,10489¢ .093528 -.185404 -1.122 .2631
{Constant) 6.083718 14.3236764 484 . 6294

End Block Number 1 All requested variables sntared.

*«+ e« s+ MULTIPLE REGRESSION ***>*

Listwise Dealeticom of Missing Data

Equation Mumber 1 Dependant Variable.. AVR_NYP .

3lock Numbar 1. Metkod: Stapwise Criteria PIN ,0800 POUT .1000
o_AASN 8. C2C4sN SFE_MOR A_PMNS AE EMI CI_PrI H P
INT.MX.L WCTF s FHW_PSP PNS_BA RAM_MCF T_AREA T_INT.M
™

Variabla{s) Entered on Step Number

1.. AR
Multiple R .18041
R Squars .03258
AMjusted R Square 02678
Standard Error 4.453%1

Analysis of Variance

Sum of Squares Msan Square
Ragression 1 111.48163 111.45163
Residual 167 3312.83240 1%.9373a
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F = 5.61828 Signif F = _0129

.................. Variables in the Equatioa

Variable ) SE B Bata T SigT
AGE 0T340 .032340 .180409 2.370 .011%
{Conatanc) 12.504241 1.540858% 4.115 .0000

LA MOLTIPLE - x 0w *

REGRESSION

Equation Number 1 Dependanc Vaxiable.. AVR_HNTP

------------ - Variakles not in the Equation -—~e—weeeeema-
Variable Beta Im Partial Min Toler T Sig T
@_BASN -.017964 -.0182%Q 998582 -.235 .Bl44
B_C2C4SN -.063458 -.064511 999840 -.831 .4061
GrH_HOR -.058157 ~.058547 .581822 -. 7% .4906
A_PNS 042836 .043547 999163 .562 .57%1
BMI ~.033713 -.034246 390155 -. 441 .63%4
CI_FI -.0316862 -,036761 .96216% -. 474 .631862
H_MP =-.018357 -.0173%7 915427 -.230 .3113
INT.MX.L -.007340 -.007658 998027 -.09% .9215
MCP 019794  .01376)Y .965005 .258% .7992
P_FNS 094347 ,092%83 9394% 1.200  .23406
PHW_PSP ~,018980 -.01889% 950009 -.3243 .007%
PNS_BA .010973 .0111l44 .397731 144 0880
RAM_MCPF .092314 .093578 994134 1.211 .227%
T_AREA -.029169 ~-.02%343 .9803181 -.178 .70%8
T_INT.M .039585 .03%526 964541 510 .4§110
TL -, 065774 -.068447 -I0T347 -. 258 .29%31

End Block Number 1

PIN =

.050 Limita reached.

Hi-Res Chart # l:Mistogram of o2diff

Hi-Res Chart # 2:jlistogram of o2diff]
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Human Investigation Consest Form
Consent to Panicipate in Research Stady

I have been asked to participate in a research stody entitled: Cephaiormesic Assessment in
Obstrucave Slecp Apnea

by:  Mark G.Hans, D.D.S.,, M.S.D, Co-investiganr
Suchira Nelson, M.S., PhD, Co-investigamr
Seung-Jin Baek, D.D.S., M.S.D., Ph.D. Co-investignior

[ understand that this study involves:

A) A lateral and fronmi cephalomesric while sitting
B)  Polysomnographic t;?ng (sleep mmpﬁnu‘ﬂ?u-dixm of Obstructive Sleep
Apnea Syndrome.

t further understand thar:

I. The cephalometric radiographs will be taken using the effective mimimmum X-ray dosags.
and a lead apron will be used to further reduce radistion exposure. A spoon of
radiographic contrast media (Esophotrast, Rorer Phanmaceuticai Corp.) will be required to
be swallowed prior to the radiograph being taken,

2. Polysomnographic resting ( itoring) will be nwed to accurately diagnose
Oct’)suumveSleepApnugSynﬂﬁmc(OSAs

3 [ wall not be required to pay any cost for the cephaiograph. All radiographs will be taken i
the Bolton-Brush Growth Study Cmter.Sch::'iof Dentistry, Case Western Reserve
University, Cleveland, Ohio,

4. The information from the study is confidential and will be conmined in a data base for
furure smudy.

5. Dr. Hans, Dr. Nelson, Dr. Luks and Mr. Panl Lorkovich will be coerdinating this study
mdwiﬂbeavﬁhblemmamyq;sﬁomabomﬂnsmdy. The telephone numbers in
the deparmment of Orthodontics are (216) 368-3469 and 368-4649.

6. [ have the right to refuse to parricipate in this study. In this case, my refusal will not affect
memedinlfdmnlmlmmdwmhmodufnmﬂmnau?fmwe
Universiry, University Hospitals, the V.A. Hospiral or Metro Heaith Medical Center.

mwmmmmemmmm:mﬁmmmmmmmﬁpmm
is study.

Date Subject/Panent
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Dept/School: Dsntistry

Subject: Notice of (X}  Review and
{ ) Exemption

The committes has reviewed and approved your proposal entitled:
Cephalometric Assessmant in Obstructive Sleep Apusa

Pleaas be advised that with respect to: (1) the rights and welfare
of the individual(s) involved, (2) the appropriateness of the
methods to ba used to securs informed consent, and (3) the risks

and potentiml benefits of the investigation, the Comnittee
considers your project:

() Exenmpt

(X)) Fully acceptable

{ ) Acceptable with reservations noted
{ ) Hot acceptable for reasons noted

Pollow-up: Ths Committee wishes to have a status report on this
project on 9/10/19%¢

SIGNED POR TEE COMMITTEER BY:

%%sm:e: Glleon H-)“-*—«f-«vt

¥llen Durand
Assistant Diresctor

Office of Research Administracion
BD

ORA USE ONLY St et a e d e vttt A d ek A A O AN RS AT AT RO

Type Project: ( ) NEW ( X } RENEWAL
Human Rigsk: ( ) Yas= (X) No

Scurca of Support:{ X ) Outsides Munding ( |} Dspartment/other
Agency (Potential}: NIN Agency No.

Are any of ths foll involved: ( )} Yam (X) No
If ysas, which category(ies):

() Minors () Patuses () Abortuges () Pregnant Woman
{) Priscunars () Mentally Retarded () Mentally Disabled

¢cc: Dean

chutmn: Chairman
Follow-up (Book}

File



REFERENCES

American Sleep Disorders Association. 1990. International Classification of Sleep
Disorders. Rochester. American Sleep Disorders Association.

Amis TC and Kurpershoek C. 1986. Pattern of breathing in brachycephalic dogs. Am
I Vet Res 47:2200-2204.

Andersson L, and Brattstrom V. 1991. Cephalometric analysis of permanently snoring
patients with and without obstructive sleep apnea syndrome. Int J Oral
Maxillofac Surg 20:159-162.

Aubert G. 1992. Alternative therapeutic approaches in sleep apnea syndrome. Sleep
1992;15(6):S 69-72.

Bacon WH, Krieger J, Turlot JC and Stierle JL.. 1988. Craniofacial characteristics in
patients with obstructive sleep apneas syndrome. Cleft Palate Craniofac J 25:374-
378.

Bacon WH, Turlot JC, Krieger ] and Stierle JL. 1989. Cephalometric evaluation of
pharyngeal obstructive factors in patients with sleep apneas syndrome. Angle
Orthod 60:115-121.

Bench BW. 1963, Growth of the cervical vertebrae as related to tongue, face and
denture behavior. Am ¥ Orthod Dentofac Orthop 49:183-214.

Berry DT, Webb WB and Block AJ. 1984. Sleep Apnea Syndrome: A Critical review
of the apnea index as diagnostic criterion. Chest 86(4):529-531.

Block AJ, Boysen PG, Wynne JW and Hunt L. 1979. Sleep apnea, hypopnea and
oxygen desaturation in normal subjects, a strong male predominance. N Engl J
Med 300:513-517.

Block AJ, Wynne JW, Boysen PG, Lindsey S, Martin C and C B. 1980. Sleep-
disordered breathing nocturnal oxygen desaturation in postmenopausal
women. Am J Med 69:75-79.

Block AJ, Fulkner JA, Haughes RL, Remmers JE and Thach B. 1984. Factors
influencing upperairway closure. Chest 86:114-122.

Bonham PE. 1988. The effect of a modified functional appliance on obstructive sleep
apnea. Am J Orthod Dentofac 94:383.

139



140

Bradley TD, Brown IG, Grossman R, Zamel N, Phillipson EA and Hoffstein V.
1986. Pharynx in snorers, nonsnorers, and patients with obstructive sleep
apnea. N Engl ] Med 127:221-226.

Bresnitz EA, Goldberg R and Kosinski RM. 1994. Epidemiology of obstructive sleep
apnea. Epi Rev 16(2):210-227.

Brooks LJ. 1993. Treatment of otherwise normal children with obstructive sleep
apnea. Ear Nose Throat J 72(1):77-79.

Brouillete RT and Thach BT. 1979. A neuromuscular mechanism maintaining
extrathoracic airway patency. I Appl Physiol 46:772-779.

Browman CP, Sampson MG, and Yollers SF. 1984. Obstructive sleep apnea and
body weight. Chest 85:435-436.

Burger CD, Stanson AW, Sheedy PF, Daniels BK and Shepard JW. 1992. Fast-
computed tomography evaluation of age-related changes in upper airway structure
and function in normal men. Am Rev Respir Dis 145:846-852.

Cartwright R, Ristanovic R, Diaz F, Caldarelli D and Alder G. 1991. A comparative
study of treatment for positional sleep apnea. Sleep 14(6).546-552.

Cartwright RD and Samelson CF. 1982. The effects of a nonsurgical treatment for
obstructive sleep apnea: The tongue retaining device. JAMA 248(6):705-
709,

Cartwright RD. 1984. Effect of sleep position on sleep apnea severity. Sleep 7:110-
114.

Cartwright RD, Lloyd S, Lilie J and Krawits H. 1985. Sleep position training as
treatmen for sleep apnea syndrome: A preliminary study. Sleep 8:87-94.

Cartwright RD, Stefoski D, Caldarelli D, Cravitz H, Knight A, Lloyd S and Samelson
C. 1988. Toward a treatment logic for sleep apnea: The place of the tongue
retaining device. Behav Res Ther 26:121-126.

Chadwick GA, Crowly P, O'Reagan RG, Fizgerald MX and McNicholas WT. 1987.
Obstructive sleep apnea induced by topical oropharyngeal anesthesia in heavy
snorers. Am Rev Respir Dis 135:A183.

Chadwick GA, Crowly P, Fizgerald MX, O'Reagan RG and McNicholas WT. 1991.
Obstructive sleep apnea following topical oropharygeal anesthesia in loud
snorers. Am Rev Respir Dis 143:810-813.

Clark GT, Arand D, Chung E and Tong D. 1993 March. Effect of anterior
mandibular positioning on obstructive sleep apnea. Am Rev Respir Dis
147(3):624-9.



141

Cohen AM and Vig PS. 1976. A serial growth study of the tongue and intermaxillary
space. Angle Orthod 46:332-337.

Cohn MA. 1981. Sleep apnea. Respir Ther 11:85-90.

Crumley RL, Stein M, Golden J, Gamsu G and Dermon S. 1987, Determination of
obstructive site in obstructive sleep apnea. Laryngoscope 97:301-308.

Davies RJ, Nabeel JA and Stradling JR. 1992. Neck circumference and other clinical
features in the diagnosis of the obstructive sleep apneas syndrome. Thorax
47:101-105.

Davies RJO and Stradling JR. 1990. The relationship between neck circumference,
radiographic pharyngeal anatomy, and the obstructive sleep apnea syndrome. Eur
Respir J 3:509-514.

Davis JA, Fine ED and Maniglia Al. 1993. Uvulopalatopharyngoplsty for obstructive
sleep apnea in adults: Clinical correlation with polysomnographic results. Ear
Nose Throat J 72(1):63-66.

DeBerry-Borowiecki B, Pollak CP, Weitzman ED, Rakoff S and Imperato J. 1978.
Fibro-optic study of pharyngeal airway during sleep in patients with
hypersomnia obstructive sleep apnea syndrome. Laryngoscope 88:1310-1313.

DeBerry-Borowieki B, Kukwa A and Blanks RHI. 1988. Cephalometric analysis for
diagnosis and treatment of obstructive sleep apnea. Laryngoscope 98:226-234.

Djupesland G, Lyberg T and Krogstad O. 1987. Cephalometric analysis and surgical
treatment of patients with obstructive sleep apnea syndrome. Acta
Otolaryngol 103:551-557.

El Bayadi S, Millman RP, Tishler PV, Rosenberg C, Saliski W, Boucher MA and
Redline S. 1990. A family study of sleep apnea: anatomic and physiologic
interactions. Chest 98:554-559,

Eller K, Gay S and Suratt PM. 1991. Mandible width is related to the presence and
severity of obstructive sleep apnea. Am Rev Respir Dis 143(4):389.

Enlow EH, Kuroda T and Lewis A. 1971. The morphological and morphogenetic
basis for craniofacial form and pattern. Angle Orthod 41(3):161.

Eveloff SE, Rosenberg CL, Carlisle CC and Millman RP. 1994, Efficacy of a Herbst
mandibular advancement device in obstructive sleep apnea. Am J Respir Crit
Care Med 149:905-9.

Fairbanks DN. 1993. Uvulopalatopharyngoplasty: strategies for success and safety.
Ear Nose Throat J 72(1):46-51.



142

Ferguson KA, Ono T, Lowe AA, Ryan CF and Fleetham J. 1995. The relationship
between obesity and craniofacial structure in obstructive sleep apne. Chest
108:375-381.

Findley LJ, Withoit SC and Suratt PM. 1985. Apnea duration and hypoxemia during
REM sleep in patients with obstructive sleep apnea. Chest 87(4):432-436.

Fouke JM and Strohl KP. 1987. Effect of position and lung volume on upper airway
geometry. J Appl Physiol 63:375-80.

Fujita S, Conway W and Zorick F. 1985. Evaluation of the effectiveness of
uvulopalatopharyngoplasty. Laryngoscope 95:70-74.

Fujita S. 1993. Obstructive sleep apnea syndrome: pathophysiology, upper airway
evaluation and surgical treatment. Ear Nose Throat J 72(1):67-76.

Gastaut H, Tassanari CA and Duran B. 1965. Polygraphic study of episodic
diurnal and nocturnal manefestations of pickwickian syndrome. Rev Neurol
112:568-579.

George PT. 1987. A modified functional appliance for treatment of Obstructive Sleep
Apnea. J Clin Orthod 21:171.

Guilleminault C, Eldridge FL and Dement WC. 1973. Insomnia with sleep apnea: A
new syndrome. Science 181:856-858.

Guilleminault C, Van Den Hoed J and Mitler MM. 1978. *“Clinical overview of apnea
syndromes,” in Sleep Apnea Syndromes, edited by Guilleminauit, C and
Dement W. Kroc Foundation Series. New York. Alan R. Liss, Inc. 11:1-12.

Guilleminault C, Cummisky I and Motta J. 1980. Chronic obstructive airflow disease
and sleep studies. Am Rev Respir Dis 122:397-406.

Guilleminault C, Riley R and Powell N. 1984. Obstructive sleep apnea and abnormal
cephalometric measurements. Chest 86:793-794.

Guilleminault C. 1985. Obstructive sleep apnea. Med Clin N Am 69(6):1187-1203.

Guilleminault C and Dement WC. 1988. *“Sleep apnea syndromes and related sleep
disorders,” in Sleep Disorders: Diagnosis and Treatment, 2nd ed. Williams RL,
Karacan I and Moore CA. New York. John Wiley and Sons, Inc. 47-71.

Hans MG, Nelson S, Pracharktam N and Baek SI. 1996. A craniofacial risk index
for obstructive sleep apnea. J Dent Res (submitted for publication).



143

Haponik EF, Smith PL, Bohlman ME, Allen RP, Goldman SM and Bleecker ER.
1983. Computerized tomography in obstructive sleep apnea: Correlation of
airway size with physiology during sleep and wakefulness. Am Rev Respir Dis
138:221-226.

Harman E, Wynne JW, Block AJ and Malloy-Fisher L. 1981. Sleep-disordered
breathing and oxygen desaturation in obese patients. Chest 79(3):256-260.

Harman E, Wynne JW and Block AJ. 1982. The effect of weight loss on sleep-
disordered breathing and oxygen desaturation in moridly obese men. Chest
82(3):291-294.

Harvy CE. 1989. Inherited and congenital airway conditions. J Small Animal Prac
30:184-187.

Haze J1. 1987 WINTER. Treatment of obstructive sleep apnea with the equalizer
appliance. J NJ Dent Assoc 58(1):34-6.

Hellsing E. 1989. Changes in the pharyngeal airway in relation to extension of the
head. Eur J Orthod 11:359-365.

Hoffman EA, Nordberg JE and Gefter WB. 1989. Three-dimensional imaging of
upper airway and sleep apnea. Am Rev Respir Dis 139:A372.

Hoffman EA and Gefter WB. 1990. Multimodality imaging of the upper airway:
MRI, MR spectroscopy, and ultrasfast CT. Prog Clin Biol Res 345:291-301.

Hoffstein V, Wright S, Zamel N and Bradley TD. 1991a. Pharyngeal function and
snoring characteristics in apneic and nonapneic snorers. Am Rev Respir Dis
143:1294-1299.

Hoffstein V, Weiser W and Haney R. 1991b. Roentgenographic dimensions of the
upper airway in snoring patients with and without obstructive sleep apnea. -
Chest 100:81-85.

Hoffstein V and Mateika S. 1992. Differences in abdominal and neck circumferences
in patients withand withoutobstructive sleep apnea. Eur Respir J 5:377-381.

Horner RI, Mohiaddin RH, Lowell DG, Shea SA, Berman ED, Longmore DB and
Guz A. 1989. Sites and sizes of fat deposites around the pharynx in obese
patients with obstructive sleep apnea and weight-match controls. Eur Respir J
2:613-622.

Hudgel DW, Chapman KR, Faulks C and Henric C. 1987. Changes in inspiratory
muscle elctrical activity and upper airway resistance during periodic breathing
induced by hypoxia during sleep. Am Rev Respir Dis 135:899-906.



144

Hudgel DW and Harasick T. 1990. Fluctuation in timing of upper airway and chest
wall inspiratory muscle activity in obstructive sleep apnea. J Appl Physiol
69:443-50.

Hudgel DW. 1992. Mechanism of Obstructive Sleep Apnea. Chest 101:541-549.

Jamieson A, Gulleminault C, Patinen P and Quera-Salva MA. 1986. Obstructive sleep
apneic patients have cranio-mandibular abnormalities. Sleep 9:469-477.

Katsantonis GP and Walsh K. 1986. Somnofluoroscopy: its role in selection of
candidates for uvulopalatopharyngoplasty. Otolaryngol Head Neck Surg
94:56-60.

Katsantosis GP, Schweitzer PK, Branham GH, Chambers G and Walsh JK. 1988
Management of obstructive sleep apnea: comparison of various treatment
modalities. Laryngoscope. 98(3):304-9,

Katz I, Stradling J, Slutsky AS, Zamel N and Hoffstein V. 1990. Do patients with
obstructive sleep apnea have thick neck? Am Rev Respir Dis 141:1228-1231,

Kleinbaum DG, Kupper LL and Muller KE. 1988. Applied Regression Analyses and
other Multivariable Methods, Boston. PWS-KENT Publishing Co. 23:560-
594.

Knudson RC, Meyer JB and Montalvo R. 1992. Sleep apnea prosthesis for dentate
patients. J Prosthet Dent 68:109-11.

Knudson RC and Meyer JB. 1993. Managing of obstructive sleep apnea. ] Am
Dent Assoc 124(8):75-8.

Koenig JS and Thach BT. 1988. Effects of mass loading on the upper airway. J Appl
Physiol 64:2294-2299.

Koopmann CF and Moran WB. 1990a. Sleep apnea - an historical perspective.
Otolaryngol Clin N Am 23(4):571-575.

Koopmann CF and Moran WB. 1990b. Surgical management of obstructive sleep
apnea. Otolaryngol Clin N Am 23(4):787-807.

Kuna § and Remmers JE. 1985. Neural and anatomic factors in upper airway
obstruction. Med Clin North Am 69:1221-1242.

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

Lavie P, 1983. Incidence of sleep apnea in a presumably healthy working population:
A significant relationship with excessive daytime sleepiness. Sleep 6:312-318.



145

Longobardo GS, Gothe B, Goldmn MD and Cherniak NS. 1982, Sleep apnea
considered as a control system instability. Respir Physiol 50:311-333.

Lowe AA, Bookstein FL and Fleetham JA. 1992. “Airway/ tongue interactions in
obstructive sleep apnea,” in Biological Mechanism o th Movement and
Craniofacial Adaptations, edited by Davidovitch Z. Columbus. Ohio State
University. 513-522.

Lowe AA. 1993. Can we predict the success of dental appliance therapy for the
treatment of obstructive sleep apnea based on anatomic considerations? Sleep
16(8):593-595.

Lowe AA, Fleetham J, Adachi S and Ryan CF. 1995. Cephalometric and computed
tomographic predictors of obstructive sleep apnea severity. Am J Orthod Dentofac
Orthop 107:589-595.

Lu 8J, Chang SY and Shiao GM. 1995. Comparison between short-term and long-
term post-operative evaluation of sleep apnea after uvulopalatopharyngoplasty. J
Laryngol Otol 109:308-312.

Lung MA. 1987. Effects of lung inflation on nasal airway resistance in the
anesthetized rat. J Appl Physiol 63:1339-1343.

Lyberg T, Crogstad O and Djupesland G. 1989a. Cephalometric analysis in patients
with obstructive sleep apnea syndrome: 1. Skeletal morphology. J Laryngol
Otol 103:287-292.

Lyberg T, Krogstad O and Djupesland G. 1989b. Cephalometric analysis in patients
with obstructive sleep apnea syndrome: 2. Soft tissue morphology. J Laryngol
Otol 103:293-297.

Maniglia AJ. 1993, Sieep apnea and snoring, an overview. Ear Nose Throat J
72(1):16-19.

Martin RJ, Pennock BD, Orr WC, Sanders MD and Rogers RM. 1980. Respiratory
mechanics and timing during sleep in occlusive sleep apnea. J Appl Physiol
48:432-437.

Martin RJ, Block AJ and Cohn MA. 1985. Indications and standards for
cardiopulmonary sleep studies. Sleep 8:371-9.

Mathew OP and Remmers JE. 1984, “Respiratory function of the upper airway,” in
Sleep and Breathing, edited by Saunders, NA and Sullivan CE. New York.
Marcel and Dekker, Inc. 163-200.

McNicholas WT, Coffey M, McDonnel T, O'Reagan RG and Fizgerald MX. 1987.
Abnormal respiration during sleep in normal subjects following selective topical
oropharygeal and nasal anesthesia. Am Rev Respir Dis 135:1316-1319.



146

Miles PG, Vig PS, Weyant RJ, Forrest TD and Rockette HE. 1996. Craniofacial
structure and obstructive sleep apnea syndrome-a qualitative analysis and meta-
analysis of the literature. Am J Orthod Dentofac Orthop 109:163-172.

Millman RP and Fishman AP. 1988. “Sleep apnea syndromes,” in Pulmonary
Diseases and Disorders, 2nd ed. Fishman AP. New York. McGraw-HIIL
1347-1362.

Montagu MF. 1960. “Methods of measurement,” in A Handbook of Anthropometry,
edited by Brozek J. Springfield. Charles C. Thomas Publisher. 15-19 and 49-
53.

Moorrees CFA and Kean MR. 1958. Natural head position, a basic consideration in
the interpretation of cephalometric radiographs. Am J Phys Anthropol 16:213.

Nelson S and Hans MG. 1996. Contribution of craniofacial risk factors in obese and
non-obese habitual snorers. Chest (submitted for publication).

O'Sullivan RA, Hillman DR, Matelijan R, Pantin C and Finucane KE. 1993.
Madibular advancement splint: the effect on snoring and obstructive sleep
apnea. Sleep 16:S143.

Olson LG and Strohl KP. 1986. Pathophysiology and treatment of central sleep
apnea. Chest 90(2):154.

QOlson LG and Strohl KP. 1988a. Airway secretion influence upper airway patency in
the rabbit. Am Rev Respir Dis 54:259-268.

Olson LG and Strohl KP. 1988b. Nonmuscular factors in upper airway patency in the
rabbit. Respir Physiol 71:147-155.

Olson LG, Fouke JM, Hoekje PL and Strohl KP. 1988¢c. “A biomechanical view of
upper airway function,” in Respiratory Function of the Upper Airway, edited by
Mathew, OP and Ambrogio GS. New York. Marcel and Dekker Inc. 359-389.

Pae EK, Lowe AA, Sasaki K, Price C, Tsuchiya M and Fleetham JA. 1994. A
Cephalometric and electromyographic study of upper airway structure in the
upright and supone position. Am J Orthod Dentofac Orthop 106:52-59.

Pancherz H. 1985 JAN. The Herbst appliance- Its biologic effects and clinical use.
Am J Orthod Dentofac Orthop 87(1):1-20.

Parisi RA, Wasicko MJ, Hutt DA, Mandel M and Santiego TV. 1989. Mucosal
vasoconstriction increases pharyngeal size in normal subjects. Am Rev Respir Dis
137:1379-1381.



147

Partinen M, Guilleminault C, Quera-Salva MA and Jamieson A. 1988. Obstructive
sleep apnea and cephalometric roentgenograms: The role of anatomic upper
airway abnormalities in the definition of abnormal breathing during sleep.
Chest 93:1199-1205.

Phillips B, Cook Y, Schmit TT and Berry D. 1989. Sleep apnea: Prevalence of risk
factors and a general population. South Med J 82(9):1090-1092.

Phillipson E. 1993. Sleep apnea- a major public health problem. N Engl J Med
328:1271-1273.

Potsic WP and Wetmore RF. 1990. Sleep disorders and airway obstruction in
children. Otolaryngol Clin N Am 23:651-663.

Pracharktam P, Hans MCT, Strohl KP and Redline S. 1994, Upright and supine
cephalometric evaluation of obstructive sleep apnea syndrome and snoring
subjects. Angle Orthod 64(1):63-74.

Redline S, Tosteson T, Boucher M and Millman P. 1991. Measurements of sleep-
related breathing disturbances in epidemiological studies: Assessment of the
validity and reproducibility of a portable monitoring device. Chest 100:1281-
1286.

Redline S. 1995. Unpublished observation.

Redline S, Tosteson T, Tishler PV, Carskadon MA and Millman RP. 1992. Studies in
the genetics of obstructive sleep apnea. Am Rev Respir Dis 145:440-444,

Redline S and Young T. 1993, Epidemiology and natural history of obstructive sleep
apnea. Ear Nose Throat J 72(1):20-26.

Reed WR, Roberts JL and Thach BT. 1985. Factors influencing regional patency and
configuration of the human infants upper airway passage. J Appl Physiol 58:635-
44,

Remmers JE, Groot de W, Sauerland EK and Anch AM. 1978. Pathophysiogenesis of
upper airway occlusion during sleep. J Appl Physiol 44:931-938.

Revicki DA and Israel RD. 1986. Relationship between body mass induces and
measures of body adiposity. Am J Public Health 76:992-994.

Rider EA. 1988. Removable herbst appliance for treatment of obstructive sleep apnea.
J Clin Orthod 22:256.

Riley R, Guilleminault C, Herran J and Powell N. 1983. Cephalometric analysis and
flow-volume loops in obstructive sleep apnea patients. Sleep 6:303-311.



148

Riley RW, Powell NB and Guilleminault. 1987. Current surgical concepts for treating
obstructive sleep apnea syndrome. J Oral Maxillofac Surg 45:149-157.

Riley RW, Powell NB and Guilleminault. 1989. Inferior mandibular osteotomy and
hyoid myotomy suspension for obstructive sleep apnea. J Oral Maxillofac Surg
47:159-164.

Riley RW and Powell NB. 1990. Maxillofacial surgery and obstructive sleep apnea
syndrome. Otolaryngol Clin N Am 23(4):809-825.

Rivlin J, Hoffstein V, Kalbfleisch J, McNicholas W, Zamel N and Bryan Ac. 1984.
Upper airway morphology in patients with idiopathic obstructive sleep apnea. Am
Rev Respir Dis 129:355-360.

Rodenstein DO, Dooms G, Thomas Y, Liistro G, Stanescue DC, Culee C and A-T G.
1990. Pharyngeal shape and dimensions in healthy subjects, snorers and
patients with obstructive sleep apnea. Thorax 45:722-727.

Rosen CR, D'Andrea L and y Haddad GG. 1992. Adult Criteria for obstructive sleep
apnea do not identify serious airway obstruction in children, Am Rev Respir Dis
146:1231-1234.

Rubenstein I, Colapinto N, Rotstein LE, Brown IG and Hoffstein V. 1988.
Improvement in upper airway function after weight loss in patients with
obstructive sleep apnea. Am Rev Respir Dis 138:1192-1195.

Ryan CF, Lowe AA and Fleetham JA. 1989. Magnetic resonance imaging of the
upper airway in obstructive sleep apnea. Am Rev Respir Dis [39:A373.

Ryan CF, Lowe AA, Li D and Fleetham JA. 1991. Three-dimensional upper airway
computed tomography in Obstructive sleep apnea. Am Rev Respir Dis
144:428-432.

Scharf SM, Garshick E, Brown R, Tishler PV, Tosteson T and McCarley R. 199b.
Screening for subclinical sleep-disordered breathing. Sleep 13:344-353.

Schmidt-Nowara WW, Meade TE and Hays MB. 1991. Treatment of snoring and
obstructive sleep apnea with a dental orthosis. Chest 99(6):1378-85.

Schwartz AR, Smith PL, Wise RA, Bankman I and Permutt S. 1989. Effect of
positive nasal on upper airway pressure-flow relationships. J Appl Physiol
66:1626-1634.

Schwartz AR, Gold AR, Schubert N, Stryzak A, Wise RA, Permutt S and Smith PL.
1991, Effect of weight loss on upper airway collapsibility in Obstructive Sleep
Apnea. Am Rev Respir Dis 144:494-498,



149

Sforza E, Addati G, Cirgnotta F and Lugaresi E. 1994. Natural evolution of sleep
apnea syndrome: a five year longitudinal study. Eur Respir J 7:1765-1770.

Shepard JW, Stanson Aw, Sheedy PF and Westbrook PR. 1990. Fast-CT evaluation
of the upper airway during wakefulness in patients with obstructive sleep
apnea. Prog Clin Biol Res 345:273- 279,

Shepard JW, Warren BG, Guilleminault C, Hoffman EA, Hoffstein V, Hudgel DW,
Suratt PM and White DP. 1991. Evaluation of the upper airway in patients
with obstructive sleep apnea. Sleep 14:361-371.

Sher AE. 1990. Obstructive apnea syndrome: A complex disorder of the upper
airway. Otolaryngol Clin N Am 23:593-607.

Showfety KI, Vig PS and Matteson S. 1983. A simple method for taking natural-
head-position cephalograms. Am J Orthod Dentofac Orthop 83(6):495.

Shprintzen RJ. 1982. Palatal and pharyngeal animalies in craniofacial syndromes.
Birth Defects 18:53.

Sinclair PM and Proffit WR. 1990. “Class III problems: Mandibular excess/ maxillary
deficiency,” in Surgical-orthodontic treatment, 2nd ed. Proffit, WR and White
RP. St. Louis. C.V. Mosby Company. 14:454.

Sjoholm TT, Polo OJ, Rauhala ER, Vuoriluoto J and Helenius HYM. 1994,
Mandibular advancement with dental appliances in obstructive sleep apnea. J
Oral Rehabil 21:595-603.

Slutsky A and Strohl K. 1980. Quantification of oxygen saturation during episodic
hypoxemia. Am Rev Respir Dis 121:893-895.

Soll BA and George PT. 1985. Treatment of obstructive sleep apnea with a
nocturnal airway-patency appliance. N Engl J Med 313(6):386-7.

Solow B and Kreiborg S. 1977. Soft-tissue stretching: a possible control factor in
cranjofacial morphogenesis. Scand J Dent Res 85:505-507.

Solow B, Ovenson J, Wurtzen NP and Wildschiodtz G. 1991. Cranio-cervical
posture in Obstructive Sleep Apnea. J Dent Res 70:607

Stauffer JL, Zwillich CW, Cadieux RJ, Bixler EO, Kales A, Varano LA and White
DP. 1987. Pharyngeal size and resistancein obstructive sleep apnea. Am Rev
Respir Dis 136:623-627.

Stokes-Dickens A, Jenkins NA and Chambers GW. 1989. Long-term nasal
CPAP use. Sleep Res 18:223.



150

Stoohs RA, Bingham L'Ann, Guilleminault C and Dement WC. 1995. Sleep and
sleep-disorderd breathing in commercial long-haul truck drivers. Chest
107:1275-82.

Stradling JR and Crosby JH. 1991. Predicters and Prevalences of obstructive sleep
apnea in snoring and 1001 middle aged men. Thorax 46:85-90.

Strelzow VV, Blanks RHI, Basie A and Strelzow AE. 1988. Cephalometric airway
analysis in obstructive apnea syndrome. Laryngoscope 98:1149-1158.

Strohl KP, Saunders NA, Feldman NT and Hallett M. 1978. Obstructive sleep apnea
in family members. N Engl J Med 299:969-973.

Strohl KP, Sullivan CE and Saunders NA. 1984. Sleep Apnea Syndromes.
New York. Marcel and Dekker, Inc. 21:365-402.

Strohl KP, Cherniak NS and Gothe B. 1986. Physiologic basis of therapy for sleep
apnea. Am Rev Respir Dis 134:791-802.

Strohl KP and Olsen LG. 1987. Concerning the importance of pharyngeal muscles in
the maintenance of upper airway patency during sleep: An opinion. Chest
92:918-920.

Sulllivan CE, Issa FG, Saunder NA and Berthon-fones M. 1984. “Pathophysiology
of sleep apnea,” in Sleep and Breathing, edited by Saunders, NA and Sullivan
CE. New York. Marcel and Dekker, Inc. 299-366.

Suratt PM, Dee P, Atkinson RL, Armstrong P and Wilhoit SC. 1983. Fluoroscopic
and computed tomographic features of the pharyngeal airway in obstructive
sleep apnea. Am Rev Respir Dis 127:487-492.

Suratt PM, McTier RF, Finley LJ, Pohl SL and Wilhoit SC. 1987. Changes in
breathing and the pharynx after weight loss in obstructive sleep apnea. Chest
92:631-637.

Svanborg E, Larrson H, Carlsson-Nordlander B and Pirskanen R. 1990. A limitied
diagnostic investigation for obstructive sleep apnea syndrome. Chest 98:1341-45.

Tallgren A and Solow B. 1987. Hyoid bone position, facial morphology, and head
posture in adults. Eur J Orthod 9:1-8.

Tourne LPM. 1991. Growth of the pharynx and its physiologic implications. Am J
Orthod Dentofac Orthop 99:129-131.

Tsuchiya M, Lowe AA, Pae EK and Fleetham JA. 1992. Obstructive sleep apnea
subtypes by cluster analysis. Am J Orthod Dentofac Orthop 101:533-542,



151

Vig PS and Cohen AM. 1974. The size of the tongue and the intermaxillary space.
Angle Orthod 44(1):25-28,.

Waite PD, Wooten V, Lanchner J and Guyette RF. 1989. Maxillomandibular
advancement surgery in 23 patients with obstructive sleep apnea syndrome. J
Oral Maxillofac Surg 47:1256-1261.

Westbrook PR. 1990. Sleep disorders and upper airway obstructions in adults.
Otolaryngol Clin N Am 23(4):727-743.

Wickwire NA, White RP and Profit WR. 1972. The effect of mandibular osteotomy
on tongue position. J Oral Maxillofac Surg 30:184-190.

Wilms D, Popovich J, Conway W, Fujita S and Zorick F. 1982. Anatomic
abnormalities in obstructive sleep apnea. Ann Otol Rhinol Laryngol 91:595-
596.

Wykes PM. 1991. Brachycephalic airway obstructive syndrome. Prob Vet Med
3:188-197.

Yildirim N, Fitzpatrick MF, Whyte KF, Jaleh R, Wightman AJA and Douglas NJ.
1991, The effect of the posture on upper airway dimensions in normal
subjects and in patients with the Sleep Apnea/Hypopnea Syndrome. Am Rev
Respir Dis 144:845-847.

Yoshida K. 1994. Prosthetic therapy for sleep apnea syndrome. J Prosthet Dent
72:296-302.

Young T, Dempsey J, Skatrud J, Weber S and Badr S. 1993. The occurrence of
sleep-disordered breathing amoung middle aged adults. N Engl J Med
328:1230-1235.



22 5.5 L7y

01/87 00-104-07 e [‘



