Cervical Angles in Sleep Apnea Patients:
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Abstract — The present study was undertaken to evaluate, retrospectively, radiographs from diagnosed Obstructive
Sleep Apnea Syndrome (OSAS) padents. Four angles were assessed from the lateral radiographs: (1) atlas/axds, {2) atlas,
{3) atlas/occiput, and (4) occiput, which, like the atlas angle, was determined relative to the horizontal plane of the
x-ray film. The severity of OSAS was determined by two indices. The first, the standard “Respiratory Disturbance
Index™ (RDI), indicates the number of apneas and hypopneas per hour of sleep, The second index of QSAS severity,
the combined “Sleep Baseline Score™ (SBS), was derived from multivariate analysis of a wide variety of sleep parame-
ters. These data were studied through bivariate and multiple regression analyses reladve to the level of OSAS severity,
sex, and age. Findings suggested that a general kyphotic configuration of the occiput and upper cervical spine existed
among the overwhelming majority of OSAS patients. Moreover, data revealed that the greatest extent of flexion was
apparent in the most severe OSAS patients, followed by the least severe, and then by the female OSAS patients. Sex dif-
ferences relevant to the occiput and other upper cervical angles were interpreted cautiously due to the low number of
females in the present study, which is characteristic of OSAS patients in general. From the present findings, it is appar-
ent that OSAS patients can be expected to exhibit an upper cervical kyphotic spine. The impact of these findings, and
ramifications of OSAS as a somatovisceral model evaluating the effects of chiropractic care are discussed.
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Introduction

Obstructive sleep apriea syndrome (OSAS) is typified by
recurrent episodes of upper pharyngeal airway obstruction and
loud snoring during sleep. It is predominancdy a male phenom-
enon,' and is usually associated with obesity.? It has been estab-
lished that episodes of sleep apnes result from upper airway col-
lapse {peripheral apnea}, a lack of diaphragmatic aceivicty (centeal
apnea), or from a combination of the two, 1.e., mixed apnea. The
majority of the patients fall into the obstructive subgroup with
much fewer being classified as mixed.* This clinical disorder is
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generally associated with excessive daydme sleepiness, sleep dis-
ruption, loud snoring, excessive oxygen desaturation during
sleep and while awake, and can result in major cardiovascular
and pulmonary complications.* Although there is some varia-
tion from patient-to-patient, the most common area of airway
obstruction appears to be within the anatonic region of the
pharynx.® There is no known cure. In certain cases sleep apnea
can be successfully managed by lifestyle changes including a
limit on alcohol (and other CNS depressants) intake and major
weight loss, and/or the use of respiratory assist devices called
Ycontinuous positdve airway pressure (CPAP)" which pneumat-
ically splints the upper airway open to prevent it from collapsing
during sleep.™ Surgery may be an option in extreme cases, in
which a tracheostomy,” uvulopalatopharyngoplasty*® or man-
dibulotomy with or without hyoid advancerment™" have heen
postulated to alleviate the apneas and hypopneas during sleep,
Tongue repositioning devices have also been used to correct for
obstruction due to the presence of an enlarged tongue. "

The understanding of OSAS has been complicated by the
paucity of statistically verifiable quanvmtive data on which to
define its severity, and what role spinal pathomechanics may ply
in association with the severity of OSAS. Accordingly, this paper is
linked to the accompanying article by Blanks and Strelzow,"
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which presents stadstical criteria for defining severity of OSAS.
These criteria include the respiratory disturbance index (RD) and
a compesite "sleep baseline scote™ (SBS). The RDI has been used
as a measure of OSAS severity for a number of years and essentially
measures the average number of apneas & hypopneas/hr sleep, The
SBS was derived from multivariate {factor and principal compo-
nent) analyses of data obtained fom an eight hour sleep study
(polysomnography) of OSAS patients which included RIDI and
four physiologic measures; (1) oxygen desaturtion during sleep, (2)
percent of total sleep in stage 1 as a measure of sleep disruption, (3
& 4) avernge heart and respiratory rate during sleep.” Relative to
the quantitative measures of the RDI and the SBS, the present
study was designed to evaluate, retrospectively, (OSAS severity and
upper cervical spinal pathomechanics.

The present study evaluated four indicators of the occipital-
atlas-axis alignment as depicted on cervical latera] neutral radi-
ographs in a combined population of male and female OSAS
patients of varying severity. This preliminary investigation was
directed at determining if & peedictable, or charmcteristic, upper
cervical alignment pattern could be identified in association
with sleep apnea. Such a reladonship is of interest to the chiro-
practor, as the presence of vertebral misalignment, accompanied
by neurological insult, suggests the likely presence of vertebral
subluxadon, which could also contribute to the structural and
physiological complicadions of sleep apnea. Furthermore, unre-
solved changes to the upper cervical segments would alse be
expected to promote other areas of spinal pathomechanics.

A second objective of the present study has been to evaluate
a possible physiological (somatovisceral) model through which
the efficacy of specifically defined chiropractic care, oriented to
the correcdon of vertebral subluxation, can be evaluated.
Previous reports have suggested that a variety of adjustment pro-
cedures may positively affect both pulmonary function in gen-
eral,™"" as well as aspects of respiratory distress associated with
asthma in children and adults,* The associztion berween chi-
ropractic care and enhanced respiratory function, over a spec-
trum of conditions, has been supgested to be linked to a struc-
tural insult at the level of the occipital-atlas-axial vertebral com-
plex, likely involving the brainstem and upper cervical
nerves,"* 7 The present study, in conjunction with the accom-
panying article by Blanks and Strelzow," describes sleep apnea as
a mechano-pathophysiological condition involving the respira-
tory mechanisms which can be guantfied as to severity. This
level of evaluation of the physiclogy of the sleep apnea condi-
tion could provide a semsitive indicator of change under the
influence of chiropractic care which addresses the upper cervi-
cal spine direcdy or indirectly. Thus, the present study has
sought to first describe any significant upper cervical struetural
alignment pattern{s) which might exist in sleep apnea patients
and, second, to evaluate these anatomical differences concomi-
ant with varying levels of sleep apnen severity.

Methods

A total of 138 neutral lateral patient mdiographs were evalu-
ated from a serial population of patients diagnosed with mild 1o
severe obstructive sleep apnea at the University of California,
Irvine, Department of Otelaryngology, Head and Neck Surgery

between May, 1984 and March, 1988 as reported by one of the
authors (RHIB) earlier (Strelzow et al., 1988)." The clinical
diagnosis of OSAS was made on the basis of the presence of
OSAS-related symptoms such as excessive daytime sleepiness,
loud snoring, patient’s sleep history and an all-night polysomno-
graphic (sleep) study (PSG) conducted at the UCI Medical
Center Sleep Disorder Center. The PSG included information
on sleep stages, respiratory events, oxygen saturation both awake
and during sleep, electro-encephalographic activity, and
electronystagmic recording as well as audicory and video confir-
mation of sirway activity. Patients were admitted in the late
evening and monitored continuously for 2 minimum of eight
hours by a eertified polysomnagraphic technologist in accor-
dance with the guidelines set down by the Association of Sleep
Disorders Center. These resudts were then interpreted by two
certified clinical polysomnographers. Although each patient
(male or fermnale} was diagnosed using the above criteria, only a
male sub-set of the polysomnographic records {59/138) were
available for the present analysis.

The lateral radiographs, obtained on each patient before any
clinical interventon, were taken by a licensed dental x-ray lab-
oratory utilizing standard techniques. The awake patients were
seated in lateral position 90° to the machine and had their head
position stabilized by the use of a head-holder to maintain a nat-
ural carriage. Exposures were taken with the padent remaining
mationless while slowly exhaling a moderately deep breath,
Exposure windows included the full face superiorly from the
supraorbital ridges down to the mid-thyroid cartilage ar the
approximate level of the third cervica) vertebra. All mdiographs
were coded to protect the personal identty of the patient dur-
ing analysis of the film.

Parawmeters

Respiratory disturbance index (RDI):

Patients were categorized into a standardized OSAS diagnos-
tic severity ranking based upon the RDI (number of apneas and
hypopneas per hour of sleep) recorded during the PSG evalua-
ton® A range for the RDI index of severity was designated as
mild < 20, moderate 20 - 40, moderate to severe 40 - 60, and
severe, > 60.%

Sleep Baseline Score (SBS):

A second severity score in the PSG tested group, was the “sleep
baseline score™ (SBS). This was also found to be helpfill in evaluating
the severity of OSAS. The 888 was derived Fom multivariace {fac-
tor and principal component) analyses from & separate and larger,
unselected sample of 178 patenes (164 males; 14 females) evaluated
clinically us described elsewhere. As in the present study, the sam-
ple was skewed towards males reflecting the natumlly occurring
paucity of female OSAS patients.’

Cervical Angles

In the present study, the cervical angles for OSAS patients
were assigned following the standard kinematic nomenclature
for physiclogic accelerations in a right handed coordinate sys-
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tem.™ In this convention, the x-axis is anterior-posterior (ante-
rior positive), the y-axis is bitemporal or medial-lateral (left ear
positive}, and the z-axis is superior-inferior (superior positive).
The angles are signed using the appointed reference line (Figure
1,a-c). The atlas and occiput angles were measured against the
horizontal of the film; the reference for the atlas-axis angle was
the atlas line, and the adas-occiput angle was referenced against
a line drawn relative to the bottom {inferior) of the oeciput,

Standard lateral radiographs for the 138 patients in this study
were subjected to digitization, according to the procedure of
Spinal Logic Diagnostics, Inc. (Seattle, WA). Values were record-
ed from each patient’s radiograph and compared against the
reported or derived norm, in degrees. Normal or “typical” val-
ues (without range nor standard deviation), relative to the “the-
oretical ideal” cervical spine have been taken by Spinal -Logic
Diagnostics, Inc. as 21.7° (signed as -21.7¢ relative to the coor-
dinate system used in the present study) for the atlas angle, 0.2°
for the atlas-axis (C1/C2) angle, and 5.6° for the atlas-occiput
angle ( signed as - 5.6° relative to the coordinate system uvsed in
the present study), derived from the work of Penning,” and
Dvorak,” relative to “rypical” ranges of Aexion and extension in
the cervical spine. However, specific values for the atlas-axis
angle, and atlas-occiput angle have not been studied extensively
over a wide mange of subjects, either clinically or from the gen-
eral population. Since neither standard deviations nor other
measures of variability reflecting a representative pool of the
general population are currently available for these angles, an
arbitrary range of £10% was considered within normal limits.
This would extend the values, described in the right handed
coordinate system to; 0.18 to 0.22° for the atlas/axis angle, and
-5.04 to -6.06° for the adas occipur angle.

Although information is scarce in the literature refative ta the
normative distribution of the angles evaluated in this study, some
investgation has been done reladve to cervical curvature,
including the axis anpgle.”™ Harrison et al., present findings that
2 randomly selected populadon of 400 chiropractic patients
exhibited a lordotic cervical curve with an average angle of -34°
+ 9.39 (range -16.5 to -66.0°), accompanied by an averuge atlas
angle of 24.04° + 7.37 (signed as ~24.04° in the coordinate sys-
tem of the present study).® Although the angular deviation of
the cervical curve could not be calculated in the present study
as the radiographic assessments rarely extended beyond the
lower margin of C3, the atlas angle derived from standard later-
al radiographs (-21.7%), falls within one standard deviation of the
previously reported value for this angle by Harrison et al.*

These authors are not aware of normative values for the
occiput measured against the horizontal being reported else-
where, although White and Panjabi™ have described criteria for
occiput/C1/C2 instability. Thus, the present data pertains only
to the sleep apnea populaton studied. For comparative purpos-
es, this angle of -15.5° (10% mnge of -13.95 degrees to -17.05)
was calculated as previously deseribed from the standard lateral
view provided by Spinal Logic Diagnostics.

Statistical Analysis

Data derived from mdiographs of the population were eval-
uated through bivariate analyses including correladon and inde-

pendent rwo-tailed t-tests for unequal variances regarding the
seven pammeters studied (RDI and SBS indicators of OSAS
severity, age, and four anpular measures). Bivariate correladons
and multiple linear regression were used to meodel the variance
of the same seven parameters relative to the appropriate popula-
tion for the variables applied. The populations included: all
males, males with mild/moderate OSAS (RD1 < 40) and mod-
erate/severe OSAS (RID] > 40}, and all females. Regarding all
analyses, when alpha coefficients are not stated, significance was
established at p < 0,05,

Results
Popuiation Characteristics

The total population of 138 patients mnged in age from 16
to 79 yeuars, with a mean and standard deviaton of 47.7 £ 10.8
years. The population was evaluated by different catepories
depending on which variables were being studied: (1) The total
male population (n = 124), and (2) the separate female popula-
ton (n = 14) were evaluated with regard to age and upper cer~
vical and occiput angles. RDI and SBS scores were not available
for the female subgroup and a subgroup of the male population,
Thus, RDI and SBS were evaluated against age, as well as cervi-
cal and oceiput angles among (3) those males (n = 59) for which
these data were available. This group was farther sub-divided
into mild/moderate OSAS (RDI < 40) and moderate/severe
OSAS (RDI > 40). These OSAS severity subgroups were eval-
uated against age, occiput and cervical and angles. Additonally,
males for which indices of OSAS severity were available
(n = 59} were compared to males without these scores (n = 63)
with regard 1o age, cervical and occiput angles, There were no
significant differences regarding cervical angles or age between
the population with RDI and SBS scores (n = 59} and those that
did not have these scores (n = 65),

Gender Analysis, Bivariate Correlation

Although there were only 14 females in the population stud-
ied, which is characteristic of the sleep apnea population in gen-
eral,' reports in the literature concerning gender differences in
cervical angles required that gender effects be examined (see
Discussion). As shown in Table 1, the four angles, were com-
pared between all males (n = 124} and females (n = 14).
Comparing males and females with respect to the reference val-
ues (see Methods) OSAS patients exhibited gender differences.
For example, with regard to the atas angle, females showed a
mean difference of -14.4° versus -7.6° for males; while the
atlas/occiput angle varied from the reference value by -5.4° for
fernales versus - 0.58° for males. The occiput angle varied from
the reference value by -10.2° for females compared to -7.0° for
males, The atlas/axis angle was essentially the same for both
genders.

These variatdons from the reference values, for all but the
atlas/axis angle in both genders, corresponded to flexion of the
respective angles relative to the reference values used for their
evaluation. The differences, evaluated by t-tests revealed a signif-
icant increase in flexion of the atlas angle {p = 0.001),
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0 =Atlas/Axis Angle 19.5°

Diagnostics, Seattle, WA,

Figure 1 a-c. References for the four angles are derived from a “normal” standard lateral cervical radiograph provided by Spinal Logic

d-f. The digitized radiograph represents a typical male OSAS patient with moderate/severe 0SAS {see Results). The angles
were derived in the same manner as the reference angles in a-c {see Mrethods.)

0 =Atlas/Axis Angle 0.2°
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Table 1. Comparison of Cervical Angles of OSAS Patients Relative to Standard, Neutral
Position, Lateral Radiographs and SBS as a Measure of Severity.

Angle (degrees)

Atlag* Atlas/axis * Atlas/occiput’ Occiput” SBS
Standard® - 21.7 0.2 -5.6 -15.5 ni
Lateral
All Males ~-7.68L 7.2 215+ 5.2 - 0.58 &+ 7.6 -70+57 340+ 16.0
{n=124)
RDI Males
mild/moderate
<40 (n = 29) -84 170 209 £ 55 1.6 £ 8.5 ~9.4 4 55 24,4 £ 7.1¢
moderate/severe
> 40 (n = 30) -5,4 +6.8 20,0 £ 6.3 -1,1%+78 -53+49 44.7 £ 13.%
Females
(n=14) -14.4 & 6,2% 212 4+57 -54 455" -10.2 + 4,00 na

+  Less negative values {closer to zero) represent increased flexion, See Methods for a description of angle determination,
*

Increasing positive values represent increased flexion,
1 Standard deviations do not exst for these reference values.
b Significant (p < 0.05) t-test between all males and females.

¢ Significant (p < 0.05) t-test between RDI < 40 males, and RDI > 40 males.

na Insufficient data, data not applicable to category.

atlas/occipur (p = 0.007), and occipur angle (p = 0.013) in males
compared to females, while the atlas/axis angle in males and
females was essentially the same (21, 5° * 6.2, and 21,2° % 5.7,
respectively). Thus, in this population of OSAS partients, females
exhibited significantly less flexion than males in three of the four
angles studied, There were no other significant gender differ-
ences within this OSAS populadon in regard to age or the
atlas/axis anple,

As summarized in Thable 2, a bivariate correlation analysis
evaluated all males with regard to age, cervical and occiput
angles {n = 124), and SBS and RDI (n = 59). As well, the four
angles and age were evaluated for correlation in the female pop-
ulation ( n = 14}. These four angles and SBS were also evaluat-
ed in the male population grouped by OSAS severity (n = 29
mild to maderate RDI, n = 30 moderate to severe RIDI). In the
larger male population (n = 124), the atlas angle and atlas/axis
angles were negatively correlated {p = 0.000), and the atlas angle
and atlas/occiput angles were positively correlated (p = 0.000).
Furthermore, the atlas angle was also positively correlated to
SBS { n = 59).The atlas angle was also positively correlated with
the atlas/occiput angle in the female population and both RDI
groups. The negative correlation between the atlas angle and the
atlas/axis angle was also apparent among the females and both
RDI groups of males, but were not statistically significant. Thus,
the same reladonships between the atlas angle, atlas/axis angle,
and atlas occiput angle. were apparent in all four populations
studied, although to a varying extent. However, while the atas
angle was not correlated to SBS in cither group of the RDI
males, the atlas/occiput angle was pasitively correlared with SBS

in the mild to moderate RDI group of male patients. The
atlas/axis angle was not correlated to any other variables in the
femnale patients nor either group of RDI males.

Thus, relative to the parameters evaluated, females and males
varied primarily in the extent of cervical Hexion with regard to
the occiput, atlas/oeciput, and atlas/axis, with females exhibiting
considerably less flexion than males. Also, in the female popula-
tion, only the atlas angle and occiput angles were positively cor-
related {p = 0.038). Thus, Aexion of the cervical spine appeared
to be gender related, with females differing from males showing
less flexion of three of the angles studied (Table 1).

An example of one of the moderate/severe OSAS male padents
evaluared in the present study is shown in Figure 1, d-f. This radi-
ograph of a moderate/severe patient (RID = 59, SB35 = B2) shows
the pattern of a kyphotic occiput and upper cervical spine which
is visually evident. Purther analysis of the radiograph comparing
the same angles calculsted from the “typical” cervical laterals
(Figure la-¢) indicated a decreased atlas angle from its reference by
16.6°, increased atlas/axis angle of 19.3° a slightly decreased
atlas/occiput angle of 4.9, and a decreased occiput angle of 11.0°.

The flexion/extension variations for the four angles among
the OSAS patients is shown in Figure 20-d. The patient data for
each angle is shown in relation to the reference value derived
from the standard lateral mdiographs. These data have all been set
to the same point on the abscissa to illustrate the interdepen-
dence of the four angles, Note that the histoprams for all angles
are shifted to the right relative to the reference value, indicating
a generalized kyphosis of the occiput and upper cervical spine
for OSAS padents,
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Figure 2 a-d.

A

Ci-Occiput Angle

] |
16 bl ) b 32

Occiput Angle

Atlas Angle

[
-4 -1 -a2 -20

D

Atlas-Axis Angle

[ I [ I i
-16 -12 -8 -4 0 4 b 4

Angle ra. Referance Line {deg.)

I I | i ] I | [ I I |
-4 c: 4 B 12 16 2 k) % kY 36 40

Displacamant ra. Standard Lateral {deg.)

=21

.
—
X3
[

Flexion-extension variations of the occiput/atlas angle, occiput angle, atlas angle, and atlas/axis angle. Data is relative to the
reference values derived from the standard laterial radicgraphs (see Methods). All angles are set at the same point on the
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ing a generalized kyphosis for the occiput and upper cervical angles for 0SAS patients,
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RDM Subgroups

Males represented 124/138 (90%) of the subject population.
As previousty described, 59 males had RDI and SBS scores,
whereas all males had been evaluated for cervical angles. The
mean value for severity, recorded as RDI was 51.8 + 34.8 {range
2 - 143). This was considered moderate to severe (See Methods),
whereas the mean SBS value was 34.0 £ 16.0 (range 17-65)
compared against a normal SBS of 8 or less, This was also con-
sidered moderate to severe,

Based on the range of scores observed among the patents
studied, the males were divided into two subgroups by RDI,
which is to date the most frequently used index for OSAS sever-
ity. These groups were categorized as mild to moderate,
RDI < 40 (n = 29) and moderate to severe with RDI > 40
{n = 30}. Across these groups, evaluated by independent t-tests,
the two varied significantly with regard to occiput angle
{p = 0.004), and 8BS (p = 0.000). In the male OSAS sub-pop-
uladon (Table 1), the occiput angle was significantly lower (less
flexed) in the mild/moderate patients (RID] = <40, -9.35° +
5.5) compared to the moderre/severe patients (R1DI >40, -5,3°
+ 4.9); i.e, the moderate/severe group exhibited a greater flex-
ion of the eeciput than the mild/moderate OSAS patients. As
might be expected, the SBS scores for patients with RDI < 40
(mean SBS=24.4) were significantly lower {p = 0.000) than
those with RDI > 40 (mean SBS = 44.7). Control values,
recorded in previous study, had RDI < 5.0, #

Moreover, as previously described (Table 2) the occiput angle
correlated significantly with all cervical angles studied as well as
severity of OSAS measured as RDI and SBS in the male popu-
ladon (n = 59, RDI: r = 0.4538; SBS: r = (0.405). Interestingly, as
a measure of severity, SBS showed significant positive correlation
with two angles (atlas and occiput, n = 124}, whereas RIDI was
only correlated with the occiput angle. In addition, in the mod-
erate/severe RDI patients, SBS also showed significant positive
correlation with the occiput angle, while the mild/moderate
RDI patients showed significant correlation berween SBS and
the atlas/occiput angle.

Multiple Linear Regression Analysis

Given the number of differences obtained with the hivariate
analyses, multiple linear regression was used to model the influ-
ence of each of the cervical angles, age, RDI, and SBS, as inde-
pendent variables (Table 3},

Multivariate Comparisons
Cervical Anples and the Occiput Angle

The R? values (Table 3) indicate that the regression models
for each of the OSAS population categories, predicting upper
cervical and occiput angles, were strongest for moderate/severe
RDDT males followed by all R males, females, then mild/maod-
erate RDI males. It is of interest that each subgroup; all males,
males with RIDI < 40, males with R > 40, all showed the
same ratio of explained variance from the highest to lowest rel-
ative to the adas/occiput angle, followed by the atdas angle, the

acciput angle, and the atlas/axis angle.

When unique predictors were evident in the different regres-
ston models, the occiput angle was fundamen tal, appearing in 7
out of 8 models. That is, in each of the categories {male and
female} the atlas/occiput angle was uniquely predicted by che
occiput and atlas angles. As well, the atlas angle was also unique-
ly predicted by the occiput angle in all of the RDI males, but
not in the femule group. The atlas angle was also uniquely pre-
dicted by the atlas/occiput angle in all of the categories, as well
as by age in the moderate/severe RDI males, Age was also a
unique predictor of the adas/occiput angle in  the
moderate/severe RDI males, Among all the males, SBS and RDI
were independent predictors of the atlas/occiput angle, while
only SBS was an independent predictor of the atlas/occiput
angle in the mild/moderate RDY{ males,

The lowest percentage of expliined variance among the dif-
ferent regression models was for the atlas/axis angle as a depen-
dent variable (4 - 9% for males, 33% for females). Moreover,
there were no independent predictors of the atlas/axis angle,
even though this angle represented the greatest divergence in
magnitude from its reference angle, approximately 20° of flexion
(Table 1, Fipure 1).

RDI and SBS

The occiput angle uniquely explained 14-16% of the vari-
ance for RDI and SBS respectively {Table 3). The atas/occiput
angle also uniquely explained 19% of the variance of SBS
among mild to moderate R males. Although there was no
single variable which influenced SBS in moderate/severe RDI
males, 9.0% of the variance of SBS as a dependenr variable was
explained by all independent variables collectively (Table 3).

Discussion

The present study of 138 radiographs (124 males, 14 females)
tetrospectively evaluated four angles which provided informa-
Hon regarding the alignment of the upper cervical spine, This
information has been correlated with age, gender, as well as SBS
and RDI measures of OSAS severity, As previously reported,™
SBS and RDI as measures of OSAS severity are positively cor-
related, as they were in the present study {r = 0.92, p = 0.000).
Indeed, RDI is one of the five independent variables in the
composite SBS value, determined from multiple regression
analysis of OSAS patient sleep records.” Whereas RIDI records
the number of apneas and hypopneas per hour of sleep, SBS
measures physiologic functions (see Introduction). Therefore,
whereas RDI can be thought of as a measure of respiratory dis-
uress, the composite SBS is a broader indicator of pathophysicl-
ogy in OSAS patients during sleep.

The present data confirms the need to view the RDT and
SBS as independent predictors of OSAS severity. RDI and SBS
predict the atlas/occiput angle in the multivariate model (Table
3). Alternadively, as summarized in Table 2, three angles describ-
ing the atlas and occiput separately, and relative to one another,
i.e,, atdas angle, oceiput angle, and atlas/occiput angle, are signif-
icantdy correlated wich OSAS severity defined as the composite
severity score {(SIS), while only the acciput angle is correlated
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Table 2. DBivariate Correlation Matrix of OSAS patients Repgarding Cervical and Occiput Angles,
RDDI, SBS , and Age as Measures of OSAS Severiry*

Variables
Atlas Atlas/axis Atlas/occiput Occiput RDI SBS Age
angle angle angle angle
Popiilation
All males
{n=124)
Atlas - - 0.31 0.59 0.40 - 0.27 (n = 539) - 0.19
angle (0.0003 (0.000} {0.000} (0.037) {0.040)
Atlas/axis - 0.31 - - -0.25 - - -
angle (0.000) (0.006)
Atlas/occiput - 0.59 - - -0.35 - - -
angle (0.000) (0.000)
Occiput angle 0.40 -0.25 - 0.35 - 0.46 {n = 59) 0.41{n = 59) - (.18
(D.000) (0.006) (0.000) (0.000) {0.001) (0.041)
RDI - - - 0.46 - 0.92 (n = 59) -
(0.000) {0.000)
SBS 0.27 - - 0.41 0.92 (n = 59) - -
(0.037) {0.001) (0.000}
Age -0.19 - - 0.18 - - -
(0.040) (0.041)
Males, RIDI < 40
(males, n = 29)
Atlas angle - - 0.46 - - - -
(0.013)
Atlas/occiput 0.46 - - - - 0.43 -
angle {0.013) (0.009)
Males, RDI > 40
(males, n =30)
Adlas angle - - 0.72 - - - -
{0.000}
Occiput angle - - - - - 0.42 -0.44
{0.023) {0.016)
Age - - 0.44 - - - -
{0.016)
Females
{n=14
Atlas angle - - - 0.56 - - -
(0.038)

* Severity is measured at p = < 0.05. (See Methods). Alpha values are provided in parentheses.
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with the RDI, which is a particular symptom of sleep apnea. It
is, therefore, suggested that both RDI and SBS should be con-
sidered non-redundant co-variants in the assessment of severity
of OSAS patients. These quantitative indicators of severity ren-
der the OSAS an excellent somatovisceral research model upon
which to evaluate change based on various interventions. This
maodel appears particularly well suited to the objectives of sub-
luxation-based chiropractic care research.

Compared to the neutral lateral radiograph as a reference, the
present study reveals an overall patrern of eccipital-upper cervi-
cal flexion in OSAS patients in both males and females (Figure
2}, Also, the flexion pattern appears exacerbated in males com-
pared to females, and those in the moderate/severe range
opposed to the mild/moderate range relatve to OSAS severity
scores,

The characteristic pattern of Aexed occiput and adas in the
sleep apnea patients studied are visually evident when compar-
ing the digidzed lateral x-rays and histograms in Figures 1 and
2.The corresponding numeric changes in the four angles (Table
1) confirm this general pattern of occiput and upper cervical
spinal flexion. There is significant, positive correlation between
the atlas, occiput and atlas/occiput angles in patients. These
three angles co-vary in the same direction as indicated by the
posidve correladon coefficients. All three angles in patients indi-
cate that the atlas and occiput are both flexed relative to standard
lateral reference angles, instead of a differendal movement of
atlas on occiput, which is theoretically more difficult given the
strong ligament attachments that characterize the atlanto-occip-
ital joint.*

Similarly, the present data provides indirect evidence for flex-
ion of the axis in sleep apnea patients, measured by changes in
mean values of the atlas/axis angle relative to the standard later-
al reference (Figure 1, Table 1). Although the atlas/axis angle
does not directly provide informaton regarding axis fexion, in
order for this angle to remain essentally constant as the atlas
angle is shown to increase in flexion, the axis would also have to
increase in Hexion. Interestingly, the Aexion posidon of the axis
in OSAS patients does not change the atlas/occiput relationship
given the absence of bivariate correlation berween the atlas/axis
angle and the adas/occiput angle (Table 2) and the fact that
atlas/axis angle does not predict any of the other upper cervical
angles in multiple regression analysis (Table 3). One might spec-
ulate that forces acting upon the atlanto/axial joint, due to
chronic fexion of the axis, have only a variable effect upon the
stability of the atlanto-occipital joint,

Of the four angles evaluated in the present model, those most
important in predicting severity of OSAS describe the
atlas/occiput relationship, i.e., the atlas, occiput and atlas/occiput
angles, Any one of these three angles predicts the others in mul-
tiple regression analysis (Table 3), and in all four patent sub-
groups (all males, all females, and males by OSAS severity).
Furthermore, two of these angles {occiput angle, atlas/occiput
angle) also predict severity of OSAS measured as RDI or SBS in
the all male population, and SBS in the mild/moderate OSAS
group (Table 3).

This is an impartant Anding for at least two reasons: First, o
the authors knowledge, this is the first observation linking the
adas/occiput relationship to sleep apnen specifically, although

the upper cervical area has been implicated in other respiratory
related disorders,” and cervical, head, and shoulder posture
anomulies, mostly related to rheumatoid arthrids, have been
reported. ™™

As well, there are a number of risk factors for OSAS, other
than male gender, which were not considered in this study.
These include: obesity, older age, familial traits, craniofacial and
pharyngeal abnormalities which may include tongue and soft
palate enlargement, inferior placement of hyoid bone, retroposi-
ton of mandible and/or maxilla, and reduced volume of the
oropharyngeal and hypopharyngeal airways "4

The importance of the present report has been to identify
another significant co-morbidity for OSAS, the atlas/occiput
relationship, and to provide a rough estimate of its contribution
in OSAS. Many of these other risk factors were unavailable for
analysis in the present study, but an estimate of the contribution
of the adas/acciput relationship to overall OSAS severity can be
obtained by examinadon of the R2 values in the multiple
regression equations {Table 3). These values in the larger all
males OSAS group estimate that about 14-16% of the total
variance for severity {measured as RD[ or SBS) can be explained
by the occiput angle; the remaining 84%-86% of total variance
being accounted by these other factors, Recognizing that many
variables coniribute to OSAS severity, 2 contribution of 14-16%
by just the atlas/axis reladonship is considered substantial,
Addidonal studies, conducted using a longitudinal format and
with ¢ larger patent base (including male and female patients),
will be required to confirm the relatve contribution of the
upper cervical anomalies ro OSAS severity, and to evaluate the
relative contribution of these other well documented fictors
(age, male gender, craniofacial anomalies, etc.} on the regression
model equation.

Second, the atlas-occiput relationship is linked to the outfiow
of spinal nerves C1 (between atlas and occiput) and C2
(between atlas and axis) and, a vertebral misalignment at this
level, (partially indicative of vertebral subluxation) could nega-
tively impact tone to the upper airway muscles innervated by the
cervical plexus {roots C1-C3) thereby leading to muscular col-
Tapse of the upper airway during sleep, Specifically, whereas che
glossal, laryngeal, and pharyngeal muscles controlling the airway
are innervated by cranial nerves IX, X, and XII, the outflow of
the cervical plexus (C1-C3) is to the neck strap muscles {genio-
hyoid, thyrohyoid, sternchyoid, sternothyroid, omohyoid) which
are functional during swallowing, phonation and respiration.
During respiration, EMG studies in patients with OSAS sugpest
that the phasic inspiratory activiry of the genioglossus, pharyn-
geal and strap muscles maintain patency of the airway by oppos-
ing the negative pressures produced by contraction of the chest
wall % These concepts of the behavioral model are developed
in detail below.

Given the high correlation between the occiput angle and
OSAS severity composite score (i.e., SBS), it is important to val-
idate the method used to estimate the occiput angle reference
value, Further, it is necessary to demonstrate if this angle value
could be predicted from the present dara set in the absence of
sleep apne, i.e,, with a SBS = 0.This consideration was based
on the fact that the reference occiput angle, like the other angles,
was derived from what was assumed to be a “typical” juxtaposi-
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Table 3. Multivariate Statistics; Significance® of Cervical Angles, Occiput Angles, and RIDI and 5BS M.easures
of OSAS Severity as Independent Variables
Dependent Varinbles
Adas Atlas Atlas Occiput RDI 5BS
Angle Axis Angle Occiput Angle Anple
Independent
Tariables by
Population
All Males Occiput - Oceiput Adas Occiput Occiput
(n=124) (0.000} (0.000) (0.000) {0.018) (0.029)
Atlas/occ Atlas Atlas/occ {n =759 {n =5%)
(0.000) (0.000) (0.000)
RDI
(0.027)
SBS
{0.029)
Adjusted R2 58.0 4,0 61.0 50.0 16.0 i4.0
Sleep Study Males
RDI < 40 Occiput - Occiput Atlas na Atlas/occ
(n = 29) (0.021) (0.007) (0.021) (0.025)
Atlas/occ Adlas Atlas/oce
(0.000) {0.000) {0.007)
5BS
(0.025)
Adjusted RZ 38.0 9.0 52.0 26.0 na 19.0
RDI > 40 Occiput - Occiput Atlas na -
(n =130 {0.000} (0.000) {0,000}
Atlas/occ Atlas Atlas/oce
(0.000) {0,000} {0.000)
Age - Age
(0.015) (0.030)
Adjusted R? 81.0 4.0 82.0 59.0 na 9.0
All Females Atas/occ - Qceiput Atlas/occ na na
{n =14} (0.038) (0.017) {0.017)
Atlas
(0.038)
Adjusted R2 450 33,0 55.0 45.0 1 na
+  F values were < 0.05 for all regression models. Alpha values are in parentheses.
na Data were not available for comparison or categorization did not apply to the population.
- Mulitvariate test was conducted but value was not significant
R2 Percent of the variance of the dependent variable predicted by the regression model. Independent variables
presented in the Table significantly and uniquely predict the dependent variables .
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don of the occiput relative to a “typical” lordotic cervical curve.
Accordingly, a simple bivariate regression analysis was conduct-
ed, comparing SBS vs. occiput angle { the strongest predictor of
SBS). This regression equation gave an abscissa intercept (SBS =
() of ~-12.5 for the occiput angle which was remarkably similar
to that estimated (- 15.5%) from the “typical” standard cervical
lateral (Table 1, Figure 1). This difference could be due to the
difference in x-ray positioning, as the dental x-ray methodology
has the padent seated for standard laterals, whereas the reference
angles were derived from standing lateral positioning. The sig-
nificance of this difference is not known in the context of this
paper, and certainly will require further investigation. As dis-
cussed below, there is also concern about the lack of standard-
ized control values from a wide range of subjects demonstrared
to be free of cervical pathomechanics and pathophysiology in
the chiropracdc literature. As well, the absence of control data
for the occiput angle as used for the first time in the present
report, is also a concern. In this regard, the present regression
analysis data is a very important, albeit independent, validation
of the estmate method used {or all of the reference angles in the
present study. Clearly, additional studies of normal subjects free
of demonstrable pathology will be required to confirm the stan-
dard lateral values across a karger population of “healthy” volun-
teers.

Sleep apnea is generally diagnosed in persons between 40-70
years, but it is not uncommon for symptoms to develop in the
early teens suggesting that mechanisms that lead to the develop-
ment of sleep apnea may be opemtional over many years." In
the general populadon, there is an age-effect in the number of
respiratory pauses during sleep.* However, age was not related
directly to either RDI or SBS as measures of OSAS severity in
the present study, or in the accompanying study by Blanks and
Strelzow." The lack of correlation berween age and severity was
further demonstrated in this study by evaluating the age distrib-
ution in the twa RIDI categories; the mean age (50 £ 10 years)
for the mild-to-moderate RD! males (RDI < 40}, was virtually
identcal (31 £ 12 years) for the moderate-to-severe RDI males
(RDI > 40) (Tables 2-3}.

However, other age effects were observed. Ape was nega-
tively correlated with atlas angle in modemte-to-severe RDI
padents, and positively correlated with atlas/occiput angle in the
moderate-to-severe male OSAS patients, Although ape predict-
ed these anples, there was no sipnificant difference in age
between the two groups, suggesting that an age-effect may be
easily masked by (hidden} variables not evaluated in the present
study. [t has been estmated that about rwo-thirds of OSAS
padents are obese (> 20% ideal body weight) and that obesity
(measured as body mass index or simply neck circumference} is
the strongest predictor of OSAS.M In elderly padents, obesity is
estimated to be a four-fold greater influence on severity than
age, and two-fold greater influence than gender in predicting
(OSAS.* Since obesity and other risk factors summarized above
were not evaluated in the present study, it seems very likely that
these other variables could mask possible age-effects on the two
RDI groups.

Acrots a large number of published studies on OSAS
patients,' and cross-sectional surveys of “healthy™ volunteers ages
7-75," it is estimated that about 85% diagnosed with the syn-

drome are males. Thus, it is not surprising that present popula-
tion was overwhelmingly male (90%)} and contained only 14
females. And, while gender effects were obtained with bivariate
and muldvariate analyses, these findings should be viewed cau-
tiously due to the small female sample. Nevertheless, there are
other findings that suppest gender differences in regard to cervi-
cal curves and angles. Harrison et al., have reported differences
representing increased extension (decreased Hexion} in the atlas
angle in females compared to males.” However, since the female
population in the Harrison et al., study was significantly older
than the males, it is not clear whether the differences would be
associated with age, gender, or a combination of both,
Alternadvely, Shaikewitz" found among 188 subjects, that cervi-
cal spine curvature was influenced by gender and age indepen-
dently. That is, the lordotic curve (17 cm radius curve) was moare
prevalent among males and individuals mnging in age from 45 -
65 years while more kyphotic cervical spines were characteristic
of females and ages mnging from 18 - 44 years. Based on this
diversity of findings, it is apparent that more data will be
required to properly assess the distribution of curve types and
cervical angles among the “healthy” population versus those
exhibiting pathophysiology, as well as between genders.

QOcdpital and Upper Cervical Structiral Model
of the Sleep Apnea Population

The findings of the present study suggest a structural model
which could be depicted as a kyphotic or flexed occiput and
upper cervical spine in the sleep apnen patient. Regression
analysis suggests that the strongest model for the generlized
kyphotic pattern was found in the moderate/severe OSAS male
group. In this case, the influence of the adas and occiput angles
and age predicted the atlas/occiput angle, explaining 82% of the
variance of the atas/occiput angle (Table 3). Nearly equal in
strength, in this same group, was the prediction of the atlas angle
by the occiput and atlas/occiput angles and age, in which case
81% of the variance of the dependent variable was explained.
While not as strong in terms of explaining variance (32% and
38%, respectively), these angles were predictive of the same
dependent variables in the mild/moderate RDI group, but age
was not an independent predictor, as discussed above, The
strongest models for the influence of flexion on OSAS severity
were found in the ovemll RDI population, and in the
mild/moderte RDI male group. In the overall RIDI population
the occiput angle independently predicted bath of these mea-
sures, accounting for 14 % - 16% of the variance, whereas the
atlas/occiput angle uniquely predicted SBS, exphining 19% of
the variance in the mild/moderate RIDI group only,

Similarly, in the female population, the occiput and atlas
angles predicted the adas/occiput angle, and is considered a
strong model as it explained 55% of the variance of the depen-
dent variable. Alternatively, only the atlas/occiput angle inde-
pendenty predicted the atlas angle, with the model explaining
45% of the variance, By comparison, it is of interest that the
regression model in the female population explained 33% of the
variance of the atlas/angle, although there were no unique pre-
dictors, whereas models for the same dependent variable in the
male population, also without unique predictors, explained only
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4% - 9% of the varjance.,

Thus, present findings suggest chat although the same gener-
al (qualitative) flexion pattern exists for all OSAS patents, the
influence of the variables; {oceiput, atlas, and atlas/occiput angles
and age) differ as a function of gender and OSAS severity. The
greatest infuence of the upper cervical angles was upon each
other as found in moderate/severe OSAS males, while the great-
est influence of upper cervical angles on predicting severity was
found in the general RI2I male population, and the mild/mod-
erate RT group. Apparently, once a certain level of OSAS
severity is reached, the occiput and atlas/occiput angles cease to
become strong predictors, due perhaps to other contributing
(hidden) variables as discussed above.

From these findings of OSAS padents, it appears that other
than magnitude of change in flexion, the flexion pattern of the
mild/moderate RI31 males, moderate/severe RDT males, and
fenales is similar. As indicated by their positive correlation, the
occiput and atlas angles change similarly though independentdy,
both increasing in flexion, while the relative constancy of the
atlas/axis angle sugpests that these two segments move essensdal-
ly as one, but both also increasing in flexion. The negative cor-
relation berween the atlas/oceiput and the relatively constant
relacionship berween the atlas and axis, as well as the negative
correlation of the atlas/occiput to the occiput angle, but positive
correlation between the atlas/occiput and atlas angle, also sup-
ports the finding that the atlas moves disproportionately more
inte fAexdon as the occiput becomes flexed, While more infor-
mation will be necessary to confirm these findings, and to fur-
ther elucidate the biomechanics of the oeciput and upper cervi-
cal spine in the flexed seate, it is apparent in the OSAS patients
that an elaborate dynamice is at play as the occiput and upper cer-
vical spine establishes a generalized flexed, or kyphotic, config-
uration.

Interestingly, studies by Pepin et al.,” and Drossaers-Bakker et
al.,* have related evidence of patients developing sleep apnea in
association with cervical degeneration a5 a consequence of
rheumatoid arthritis, while Takigawa et al.,” related changes in
jaw and head position, and shoulder posture as affecting modes
of breathing and sleep apnea in particular. However, considerable
variations have been reported in different populations relative to
the lordotic cervical curvature.™## The ranges reported clear-
ly indicate that wide variation between and among any given
populations is considerable. These reports emphasize the impor-
tance of the reladve uniformity in marked Aexion found in the
occiput and other cervical angles observed in the present study
of OSAS patients (Figure 2).

While the significance of cervical curvasure is a controversial
issue, it is noteworthy that relative to the present study, although
the lower cervical curve could not be analyzed, the upper cer-
vical region was remarkably consistent as a kyphotic, or flexed,
configuration. Harrison et al.,” have proposed a “harmonic
classification for cervical configuraions.” Among these are two
variations which include an upper cervical state of flexion, as
was apparent in the present study. Harrison et al., also suggest
that the kyphotic cervical curvature is not a normal variant,”

These authors™” cite other studies which suggest that
kyphosis has been linked to adverse mechanical cord tension,
increased loading on the vertebral bodies and discs, and may be

associated with anterior head translation. This latter observation
is consistent with finding in the present study, and appears to be
charcteristic of the sleep apnea condition within the population
studied. Moreover, Harrison et al.,* point out other studies
relating cervical kyphosis after injury to higher incidences of
degenerative changes and poor results from treatment regimens.
Although not investigated in the present study, kyphosis and
autonomic symptoms have also been related.” Additionally,
Harrison et al. also present arguments which suggest that a
kyphotic configuration has both patho-biomechanical and
pathophysiological implications.”

Because of the prevalence of skull flexion in the present
study, it conld be argued that patent positioning resulted in a
state of “slight head nodding” In this respect, Weir® reported
that 20% of a "normal” population exhibiting a kyphotic cervi-
cal spine, increased to 70% when subjects were asked to depress
the chin by one inch. However, Harrison et al.,* provide a con-
vincing argument that “slight head nodding” or flexion of the
head does not alter the cervical curve from C2-C7, Although
the patients in the present study were not subject to faulty head
positioning for lateral x-ray, even if the validity of the fexed
occiput and atlas were in question, the putative flexed position
of the axis argues against a positioning artifact as being respon-
sible for the upper cervical flexion observed in the present study.

The model of the cervical spine in sleep apnea in terms of a
possible causal relationship is intriguing. Several possibilides exist
which link Hexion changes in cervical spine curvature to neu-
romuscular integrity. Brieg™ proposed that cervical spine flexion
creates a state of tension on the spinal cord and nerve roots of
the hindbmin (Pons cord tract) which, if sustained, could dam-
age nerve roots and crinial nerves V-XI. Alternarively, the pre-
sent finding that among sleep apnea male patenis, the occiput
angle was positively correlated, and substantially predictive of
SBS and RDI, suggests that this feature of cervical alignment
could be related to physiclogical changes more so than charac-
teristics resulting from anatomical changes in the cervical verte-
brae. It may be that as the occiput angle increases in flexion and
possibly forward displacement, tension (insult} may be increasing
through tractioning of the brainstem and upper cervical nerves.
This phenomenon could lead to a state of pathomechanics and
pathophysiology with several possible outcomes as described by
Breig,™ and others.”*

The link berween spinal pathomechanics and the inspimtion
tone of the upper airway muscles is found in the innervation
pattern to these muscles. Whereas many of the upper airway
muscles are innervated by cranial nerves (VVILIX, X, XI, and
XI0), the nerve supply to some suprahyoid muscles (C1 branch-
es to penichyoid and thyrohyoid) and all of the infrahyoid mus-
cles exclusive of the larynx and pharyngeal constrictors are
innervated by the cervical plexus C1-C3. Misalignment of the
upper cervical vertebrae with accompanying pathomechanics
could restrict the Aow of inspiration tone via the C1-C3 roots
to these critical airway muscles thereby promoting and/or
aggravating OSAS,

From a functiona! perspective, the most salient issues are the
observations that virtually all the muscles of the upper airway,
including the tongue, suprahyoid, infrahyoid, pharyngeal and
laryngeat muscles carry a strong respiration tone during inspira-
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tion, even during sleep and surgical anesthesia. This respiratory
tone derives from respiratory neurons located in the brainstem.
Like the gutflow to the diaphmgm via the phrenic nerve, the
burst of electromyographic activity in these upper airway mus-
cles precedes the flow of air during inspiration by several hun-
dred milliseconds and persists thronghout inspiration. The EMG
respimtory tone ends with expiradon and is frequently silent
during the end-expirtory pause, i.e., the interval between expi-
ration and the subsequent inspiration. Remarkably, the respira-
tory {inspiration) drive in the upper airway muscles, which is
well documented, occurs during all levels of respiration in nor-
mal subjects in awake (quiet and forced respiration) and sleeping
individuals.®* However, in OSAS patients, this respiratory tone
to the airway muscles is generally lost, suggesting that the mech-
anism for peripheral OSAS and paradoxical breathing (attempts
of diaphragmatic and intercostal breathing against a collapsed
pharyngeal airway) is a loss of upper airway dilatory tone in the
transition to sleep, which allows the airway to collapse against
the negative intraluminal pressures generated by contrmction of
the diaphragm.” The patient must thereby awake to regain tone
to the nirway muscles, protracting (jutting) the chin, allowing
patency of the pharyngeal airway and recovery of normal respi-
ratory airflow.

In an apparent behavioral adaptation, OSAS padents frequent-
Iy “jut the chin forward” or “anteriorly translate” i.e., extend the
head on a flexed neck, while awake and maintain a characteristic
underbite (underjet) of the mandible telative to the maxilia o
move the tongue forward thereby opening the airway.#* As well,
visual observadons of lateral x-rays, as well as the uniform pattern
of upper cervical kyphosis demonstrated among the 124 male
sleep apnea patients in the present study, suggests the presence of
a consistent re-alipnment of the occiput, atlas and axis, While
awake, this behavioral adaptadon of the skull and cervical spine
may be useful to expand the upper airway and enhance the flow
of air to the padent. However, such a change in upper cervical
alignment to the atlancoaxial joint, which features preeminentdy in
the outflow of the C2-C3 roots supplying the indicated neck
muscles, could predispose the patient, when asleep, to adverse
mechanical pressure on the C1-C3 rmoots thereby decreasing
motor outflow to the associated airway muscles. That is, 1 general
loss of muscle tone in sleep and collapse of the adaptive head-neck
posture {i.e. loss of forward head posture) could exacerbate the
collapse of the pharyngeal airway during sleep.

It may be that the features of an upper cervical alignment
pattern such as that consistently found among the radiographs of
the sleep apnea patients presently studied may promote the neu-
rological insult which initiates and/or aggravates OSAS.
Alternasively, it may be that some other pre-disposing factors are
causative, with the alignment pattern being one of conscious
adaptation to the restricted airway, characreristic of OSAS. Sleep
apnea is a progressive and long-standing condition, taking sever-
al years to develop from mild to severe. However, in the present’
study, the fact that even patients with “mild” OSAS severity
show the abnormalities of skull and upper cervical spine align-
ment suggest that the skeletal patterns develop eardy in the
progress of sleep apnea. Further, in terms of cause-effect rela-
tionships, it has been reported that OSAS patients have other
skeletal abnormalities (e.g., rheumatoid arthrits of upper cervi-

cal spine) which could predispose them to the condidon.

Based on the demonstmted ability to objectively measure the
severity of sleep apnea, as well as to correlate it to upper cervi-
cal curvature, it becomes of interest to investigate the clinical
outcomes of sleep apnea patients undergoing upper cervical chi-
ropractic care. The findings of this study, coupled to the ability
to quantify the severity of OSAS, designates sleep apnea as a fea-
sihle model regarding the efficacy of upper cervical care and
concomitant changes in spinal configuration relative to changes
in pathophysiology. Information gained from such study would
be useful in furthering the knowledge base regarding the possi-
ble relationship berween changes in upper cervical alignment
patterns and physiological changes which appear to contribute
to the severity of O5AS. Moreover, as the present study also
adds to the growing body of information that links certain states
of cervical curvature to pathophysiology and pathomechanics,
further study is warranted to elucidate the apparent relationships
hetween cervical structure and physiological flunction, both nor-
mal and pathological.

Summary and Conclusions

The findings of the present study regarding OSAS patients
suggest a strong relatjonship berween occiput and upper cervi-
cal flexion and severity of sleep apnea. It was apparent that:

{13 RDI and 5BS appear to be non-redundant co-variants in
the assessment of OSAS severity.

The majority of OSAS patients exhibited, reladve to

respective “normative” reference angles, substantial flex-

ion. The fexion configuration was greatest among the
most severe OSAS males, followed by those with mild to
moderate severity, then females.

(3) The occiput angle was the maost significant predictor of
male OSAS severity; i.e., the more flexed the angle, the
greater the severity of OSAS. While the R 2 value for the
occiput predicted 14-16% of the variance of severity, con-
sidering the plethora of variables which could affect
OSAS severity, this percentage is considered to be sub-
stantial.”

(4) OSAS females showed less flexion than OSAS males in
regard to the occipus and upper cervical spine.
Caution is required in interpreting sex differences in the
present study in regard to the occiput and upper cervical
angles due to the low number of females in this study,
which is also characteristic of OSAS patients in general.
However, these observations warrant further investiga-
Hon, as other studies report sex differences relative o
sleep apnea, cervical angles and/or spinal curvature,
(6) Due to the disparity of findings in the chiropractic liter-
ature, future study requires more information concern-
ing the relationships between occiput and upper cervical
angles and spinal curvature in both “healthy” males and
females, as well as those demonstrating documented
physiological dysfunctions,

The present study provides a tenable model for evaluat-

ing chiropmctic care by monitoring changes in a well

documented objectively measured somatovisceral model
of sleep apnea.
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(8) The present study has attemnpted to describe cervical and
occiput angular patterns in OSAS patients, However, it
is apparent that considerable work needs to be  done to
chamcterize normative reference values, for the angles
considered, to validate the present findings.

References

Block AJ, Boysen PG, Wynne JW, Hunt LA. Sleep apnea, hyponea and oxy-
pen desseuration in normal subjects. A strong male predominance. N Engl
] Med 197%; 300:513-517.

Dimsdale JE, Coy T, Ancoli-Isrzel 5., et al. Sympathetic nervous system
alterations in sleep apaea, Chest 1997; 111(3): 639-673,

Guilleminault C, van den Haoed J, Mider MM. Clinieal overview of the
sleep apnea syndromes, In: Guilleminsult C, Dement WC, eds, Sleep apnea
syndromes, New York: Alan R Liss, 1978:1-12.

Sullivan CE, Issa FG. Obstructive sleep apnea. Clin Chest Med 1985; 6(4):
633-650.

Weitzman, ED, Pollak CP, Horowiecki B, et al. The hypersomnia sleep
apnea syndrome: Site and mechanism of upper airway obstrueton. In
Guilleminaule C, Dement W, {eds): Sleep Apnea Syndromes, New York,
Alan R, Liss, Ing, 235-248, 1978,

Smith PL, Gold AR, Meyers DA, et al. Weight loss in mildly 1o moderate-
ly obese patents with obstructive sleep apnea. Ann Int Med 1985; 103;
850-855.

Sullivan CE, Berthon-Jones M, Issa FG, et al. Reeversal of obstructive sleep
apnea by continuous posttive sirway pressure applied through the nares.
Lancet 1981; 1:862-865.

Issa FG, Sultivan CE, The immediate effects of nasal continuous positive
afrway pressure treatment on pattern in patdents with abstructive sleep
apnea syndrome. Electroencephalograghy and Clin Neurophysial 1986;
63:10-17.

Conway WA, Victar LI, Magilligan D], et al. Adverse effects of tracheasto-
my for sleep apnea. JAMA 1981; 246:347-350,

Cartwright RI3. Predicting response to the tonpue retaining device for
sleep apnea syndrome. Arch Otolaryngol 1985; 111(6):385-388.
Carnwright RI3, Samelson C. The effecs of a nonsurgical treatment for
ohstructive steep apnea. JAMA 1982; 248:705-709.

Caldarelli D, Cartwright R, Lillte J. Obstructive sleep apnea:Vartations in
surgica management. Laryogoscope 1983, 95:1070-1073.

Fujitz §, Conway W, Zorick F et al, Surgical correction of anatomic abnor-
malities in obstructive sieep apnea syndrome: Uvulopalacopharyngoplasty.
Crolaryngol Head Neck Surp 19815 89: 923 934,

Blanks RHI, Serelzow YV, Obstructive sleep apnea syndmme: Disease
severity based on moltvariate analysis of patient polysomnogmphic
records. | Vertebral Subluxation Res 1999; 3(1): In press,

Masarsky CS, Weber M. Chiropractic and lung volumes: A retrospective
study. ACA | Chiro 198%; 20: 65-67.

Kissinger R, Changes in pulmonary function associated with upper cervical
specific chimpractic care. ] of Vertebml Subluxation Res 1997; 1(3):43-49,
Grzham RL, Pistolese RA, An impairment mting analysis of asthmatic
children under chiropractic care.] ofVertebral Subluxasion Res 1997; 1{4):
24 - 35,

Huviid C. A comparisan aof the effects of chirepractic treanment on sespira~
tory function in patients wich respiracory distress symproms and patients
without. Bull Evr Chiro Union 1978; 26:17-34.

Mont R. Mechanisms and chiropractic managemens of bronehial asthma.
Dig Chiro Econ 1981; 48-51.

Jamison JR, Leskavee I{, Lepore §, et al. Asthma in a chitopracde clinic: A
pilot study. ] Aust Chiropr Assoe 1986; 16(4): 137-143.

Neilsen NH, Bronfort G, Bendix T. et al. Chronic asthia and chiroprmcde
manipulation: A modomized clinieal trial, Clin Exp Allergy 1995; 25(1): R0-88,
Peer ]B, Marko SK, Piekarczyk W. Chiropractic response in the pediatric
patient with asthma; A pilot study. Chiropractic Pediasrics 1995; 1(4): 9-12.
Nilsson N, Christiansen B. Prognastic factars in bronchial asthma practice,
J Aust Chiropr Assoc 1988; 18(3): 85-87.

Wiles R, Daikow P, Chiropractic and visceral disease: A brief survey, ] Calif
Chiro Assoc 1982; 26(2): 65-68.

a0,

31,

33

M.

35,

36.

7.

38.

39,

40,

41,

43,

44,

45.

46,

47.

48,

49,

50,

51,

Hammer A). Lower cranial nerve palies-potentially- Jethal in upper cervi-
cal fracture dislocation, Clin Qrtho 1991; 266: 64-6G9,

Kale MU, Keeter T, A mechanical analysis of the side posture and knee-
chest specific adjustment techniques, ] Vertebral Subluxadion Res 1997;
1(3) 35 - 41.

Tortorz GJ. Principles of human anatomy (7th ed}. New York: Harper
Collins College Publishers: 631-6332, 1995,

Guilleminaule C. Clinical features and evaluation of Obstrucdve Sleep
Apnea. In: Kryger MD, Roth T, Dement WC (eds) Principles and Practice
of Sleep Medicine. 2ad ed, Pp 667-677, Saunders, Philadelphia, 1994,
Riley RW, Powell NB, Guilleminaule C, et al, Obstructive sleep apnea
mends in therapy, West ] Med 1995 162: 143- 148,

Hixon WC, Niven J1, Correia MJ. Kinematics nomen clarure for physiological
acceleradons: With special reference o vestibular applicadons. Naval School of
Aviation Medicine, Naval Acrospace Medical Center, Pensacola, Florida
(NAMI Mono 14, NASA Order R-93, NASA-CR-81715) August 8, 1966,
Penning L. Normal movements of the cervical spine, AJR 1978; 130:317-
336,

[vorak J. Clinical validaton of funcdanal flexion/extension mdiographs
of the cervical spine. Spine 1993; [8(1): 120-127.

Harrison DD, Troyanovich §), Harrison DE, et al. A normal saggial spinal
configurtion: A desirable clinical outcome, | of Manip and Physiol Ther
1996; 19(6): 398-405,

Harrison D13, Janik TJ, Troyanovich §], et al. Evaluation of the assumptions
used to derive an ideal normal cervical spine madel. ] of Manip and
Physiol Ther 1997, 20{4): 246-256.

Harrisan DI3, Janik T], Troyanovich §J, et al. Comparisons of lordotic cer-
vical curvatures to a theoretical ideal model of the statc sagital cervical
spine. Spine 1996; 21(6): 667-675.

White AA, Panjabi MM (2nd ed). Clinical biomechanics of the spine.
Philadelphia: [B Lippincor, CO, 1990,

Pepin JL, Della Negm E, Grosclaude §, et al. Sleep apnea syndrome sec-
ondary ta rheumartoid arthrids, Thorax 1995; 30(6): 692-694,
Drossaers-Bakker KW, Hamburper HL, Bongarz EB, et al. Sleep apnea
caused by rheumatoid arthritis, British ] of Rhenmatology 1998; 37(8):
BBY-BY4,

Takigawa T, Mawsuoka S, lida ], et al. Jaw position, hiead paosition, body pos-
ture: Development of an integrated system of examination, Part 1. The | of
the Stomatological Soc, Japan 1995; 62(3); 4+41-450,

DeBerry-Borowiecki B, Kukwa A, Blanks RHI. Cephalometric analysis
for diagnosis and sreazment of obsructive sleep apnea. Laryngoscope 1948;
98:226-234.

Strelzow VV, Blanks RHI, Basile A. e al., Cephalomerrie airway anabysis in
obstructive sleep apaea. Laryngoscope 1988; 98: 1149-1158.

Brouillette RT, Thach BT. A neuromuscular mechanism maintainiog
extrathoracic airway patency. J. Appl Physiol.: Resp Env Exer Physiol 1979;
46: 772779,

Brouillette BT, Fernbach SK, [Hune CE, Obsiructive sleep apnea in infants
and children, ], Pediatr, 1982; 100; 31-40.

Ancoli-lsael 8. Epidemiology of sleep disorders, Clin Geriatr Med 1989,
5:347-3062.

Bliwise DL, Feldman DE, Bliwise NG, et al, Risk factors for sleep disor-
dered breathing in hetesogeneons periarric populations, § Am Geriarr Soc
1987;35:132-141.

Shaikewitz M. A demographic and physical charmcterization of cervical
spine curvature and degeneration, | of Vertebra] Subluxation Res 1996;
1(2): 41-48,

Gore DI, Sepic 58, Gardner GM. Roentgenographic findings of the cer-
vical spine in asympromatic people, Spine 1986; 6: 521-524.

Owen EE Hoiris KT. Cervical curvamire assessment using digitized radi-
ographic anlaysis, Chiropractic Res ] 1990; 4:47-02.

Lennon [M, Shealy CN, Cady RR,, et al. Postural and respiratory modula-
tion of suonomic [uncton, pain, and health, American ] of Pain
Management 19945 42 36-349,

Weir DC. Roentgenographic signs of cervical injury, Clin Orthop 1979;
109:9-17,

Harrison DE, Harrison D1, Troyanovich 5], Reliability of spinal displace-
ment analysis on phin x-rays: A review of commonly accepted facts and
faltacies with implicattons for chiropractic education and technique. J of
Manipulative Ther 1998; 31(4): 252-266.

14 J. Variebral Subluxation Res., 3{1), Mar, 1939

Cervical Angles in Sleep Apnea Patients




56.

57.

Brieg A. Adverse mechanical tension in the centrl nervous system. New
York: John Wiley & Sons. 1978,

KaiY, Owen JH, Allen BT, et al, Relationship berween evoked porentials
and clinical stavus in spinal cord ischemia. Spine 1994; 1%: 1162-1168.
Tachibana S, Kirthara, Lida H, et al. Spinal cord intmameduallary pressure:
A possible facror in syrins growth. Spine 1994; 19: 2174-2179,
Roberts JL, Reed WR, Oommen P, et al. Conwrol of respitacory sctiviry of
the penioglossus muscle in micrognathic infams, J Appl Physiol 1986;
61(4): 1523-1333,

Onal E, Lopata M, and O'Connar TD. Pathogenesis of apneas in hyper-
somnia-sleep aprea syndrome, Am, Rev Respir Dis 1982; 125: 167-174.
Remmers [E, DeGroot W), Sauerlaind EK, et al, Pathogenesis of upper air-
way occlusion during sleep. Appl Physiol 1978; 44: 931938,

38,

59,

60,

6l.

Sauerland EK, and Mitchell SB. Electromyographic activity of the human
genioglossus muscle in response to respiratory and positional changes of
the head. Bull Los Ang Neurol Soc 1970, 39; 69-73,

Stark AR, Thach BT. Recovery ol airway patency after obstruction in nor-
mal infans. Am Rev Respir Dis 19815 123: 691-6Y3.

Safar 12 Escarraga LS, and Chang I Upper airway obstruction in the
unconscious patient. ] Appl. Physiol 1959; 14: 760-774.

Love AA, Ozbek MM, Miyamoro K et al, Cephalomerric and demograph-
it chamcteristics of ohstructive sleep apnea: An evaluation with partial least
squares analysis. Orthodontist 1997; 67(2): 143-153,

Naorusis M]. SPSS 7.5 Guide o data analysis. 1997, Prentice Hall: New
Jersey: 444-472,

Cervical Angles in Sleep Apnea Patients

J. Vertebral Subluxation Res., 31}, Mar,, 1988 15




