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ABSTRACT

There is a remarkable increasing trend of airway obstruction, or sleep apnea
syndrome (SAS) among the Thai population. Positional therapy, a non-invasive
method is routinely used in mild obstructive sleep apnea (OSA). Therefore, body
position seems to play a significant role in the treatment. To examine the effect of
position on airflow resistance during wakefulness condition, thirty Thai healthy males,
aged between 18-24 years, were recruited in this study. Respiratory parameters
including airway pressure, airflow rate and airflow resistance during quiet inspiratory
and expiratory phases using transient interruption technique (Ri,) and peak expiratory
flow (PEF) were measured in four randomized positions (reclining 30°, supine, left
and right side lying).

The result showed that airway pressure, airflow and airflow resistance had
significant difference among positions (p<<0.05) but no significant difference between
two side-lying positions (p>0.05). Inspiratory airflow resistances showed the highest
value in supine (9.878 + 1.315 emH,O/L.s™), and lowest in reclining 30° (7.340 +
0.850 cmH,O/L.s™). Either left or right side lying caused no difference in airflow
resistance (8.241 + 1.202 vs. 8.364 + 1.341 cmH,O/L.s™ in left vs. right side lying).
Expiratory airflow resistance was the lowest in the reclining position (5.618 £ 0.623
cmH,0/L.s"); whereas, supine position had the highest resistance (7.397 + 0.996
cmH,O/L.s™). Either left or right side lying caused no difference in airflow resistance
(6.255 + 0.753 vs. 6.241 + 0.799 cmH,O/L.s”" in left vs. right side lying). PEF was
significantly different among positions (p<0.05) but no significant difference between
two side-lying positions was shown (p>0.05).

This study provides beneficial information for positional therapy; sleep
positions influence airflow resistance during awake conditions in young males. The
airway showed the highest patency in reclining 30° and side lying tended to be higher
than supine position. Consequently, this simple intervention might be useful in
treatment of sleep disorders. It could be used in possible clinical-based and home-
based interventions.

KEY WORDS: OBSTRUCTIVE SLEEP APNEA/ SLEEP POSITIONS/
AIRWAY RESISTANCE
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CHAPTER I

INTRODUCTION

It is indicated that there is a remarkable increasing trend of airway obstruction,
or sleep apnea syndrome (SAS) among the Thai population. In 1999, there was about
65.5% of suspected cases had been identified as obstructive sleep apnea at
Ramathibodi Hospital (1). Sleep apnea syndrome is commonly divided, which based
on the presence and absence of respiratory effort, into obstructive and central types. It
is generally known that obstructive sleep apnea (OSA) is more common than central
types (2, 3). As the numbers of people who are subjected to this syndrome become a
serious health-related problem, various treatments have been proposed including new
drugs, laser surgery and psychological interventions (4). As the results of such
treatments, the medical expenses have been dramatically augmented. Airway
obstruction is concurrently taken place with increasing in airway resistance and
decreasing in respiratory flow (5, 6). These physiologic variables have been used as
indicators for OSA. Some studies found that the non-invasive technique, for example
adjusting the sleeping position, subjectively diminished incidence of airway
obstruction (7-11). Thus, the present study will be focused on the quantitative
approach on the possible effects of different body positions on the occurrence of
respiratory resistance in healthy adults. Therefore, outcomes of this study might
possibly raise the guideline toward the application to OSA patients as part of

rehabilitation regimen.

Obstructive sleep apnea (OSA) is characterized by repetitive obstruction of
upper airway during sleep, caused intermittent cessation of breathing (apneas,
cessation of respiratory airflow for more than 10 seconds) or reductions in airflow

(hypopneas, at least 30% reduction in airflow for 10 seconds) despite continuing high
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respiratory effort (2, 4, 12). Obstructive sleep apnea can be subjectively diagnosed on
the basis of history characteristic including nocturnal snoring and excessive daytime
sleepiness (12). Snoring is the primary stage that develops to obstructive sleep apnea
afterwards (13). Untreated sleep apnea leads to stress, irritability, increasing in
accidents and cardiovascular disease, reduction in functional capacity and quality of
life, including increased mortality. Previously, risk factors for OSA had been
identified including obesity (BMI >30 kg/m?), male and advancing age. The other risk
factors that could induce OSA are alcohol ingestion, smoking, postmenopausal status

and family history (2, 12).

Mechanical changes of structures inside the nasal and oropharyngeal cavities
are thought to responsible for OSA. Many investigators demonstrated the effect of
body positions on occurrence of respiratory events during sleep in adult OSA in that
the frequency and duration of obstructive apnea became worse in the supine position
(7-9). Studies derived from Jan (14) and Martin (15) showed that upper airway cross-
sectional area became narrow in supine lying, so did the airway resistance increase
when compared with the sitting (16); however, no difference between the supine and
lateral position (side lying) was detected. Some studies found that the number of
obstructive events during sleep was higher in the supine position than in the lateral
position in patients with OSA (8, 10, 11). Thus, body position seems to play a
significant role in the severity of OSA. Positional therapy, a non-invasive method
routinely used in rehabilitation program, was lately proved to offer some remarkable
benefit to prolonged bed rest patients (4, 12). This technique, when applied to OSA
patients, was helpful in combination with continuous positive airway pressure (CPAP)
therapy (4, 12). As to the present knowledge, positioning alone has never been proven

on its benefit to OSA patients.

Mechanism of airway obstruction during sleep is the result from one major
physiologic change: an increasing in the airway resistance, which causes a difficulty in
breathing during sleep. Airway resistance (Ray) is defined as the ratio of driving
pressure (AP) to flow (\7). Previous reports (17-19) described the pressure-flow

relationship of upper airway and its resistance during sleep. The mechanical narrowing
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of the upper airway is related to changing in pressure from the collapsible segment. As
a result, this occlusion increases airway resistance. Moreover, this resistance was
found to correlate with the difference of anatomical characteristics in upper airway
passage in OSA patients, snorers and normal subjects (20) and probably related to a
decrease in upper airway muscle tone (21). This would lead to a narrowing of upper
airway and increasing in the work of breathing during sleep. Anch and coworkers (22)
found that the effect of changes in position on supraglottic pressure-flow relationship
and its resistance were similar in both normal and OSA patients during awake.
However, very few studies quantitatively examined the airflow resistance in different
sleep positions during wakefulness (16). To explore this critical knowledge, the
present research is aimed to study in normal subjects and hypothesized that effect of

position on the airflow resistance can be predicted during awake condition.
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Purposes of the Study

General Objective

The purpose of this study was to examine the effect of position on airflow

resistances in healthy Thai males during wakefulness condition.

Specific Objectives

1. To quantitate airflow resistances that results from different positions on
airway pressure and airflow during normal inspiration and expiration.

2. To examine the effect of position on airway pressures during normal
inspiration and expiration.

3. To examine the effect of position on airflows during normal inspiration and
expiration.

4. To examine the effect of position on peak expiratory flows.

Parameters of the Study

1. Airway pressure (P, cmH,0)
2. Airflow (\./, liter/second)
3. Airflow resistance (Rint, cmHzO/L.s'l): Calculated from ratio of pressure to
inspiratory and expiratory flows, used transient interruption technique
R = PIV
it
4. Peak expiratory flow (PEF, liter/minute)
Scope of the Study

In order to avoid the effect of gender and ethnic differences on airway structure

and function, this study was focused on examining the effect of position in healthy

Thai males, aged between 18 and 24 years. The measurements were performed during

wakefulness state. In addition, only the university students were recruited for the study

to ensure the understanding of this specific respiratory maneuver.
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Hypotheses of the Study

1.

Airflow resistances, both normal inspiration and expiration, are modified

significantly from different positions.

2. There is a significant effect of position on airway pressures during normal
inspiration and expiration.

3. Position exerts a significant effect on airflows during normal inspiration
and expiration.

4. There is a significant effect of position on peak expiratory flows.

Advantages of the Study

1. To understand basic knowledge of changing in position that leads to
alterations of airflow resistance.

2. To recommend the sleep position in patient with mild OSA to prevent
apnea/hypopnea during sleep.

3. To use the knowledge to develop some guideline for prospective study in

patients with other disease-related airway obstruction such as chronic
obstructive pulmonary disease (COPD) combined with upper airway

obstruction.



Soontaree Chayawatcharakul Literature Review / 6

CHAPTERIII

LITERATURE REVIEW

2.1 Definition of Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) is characterized by intermittent repetitive
narrowing of the upper airway during sleep (2, 12, 13). This leads to either complete
or partial obstruction of the upper airway, causing intermittent involuntarily cessation
of breathing (apneas), reductions in airflow (hypopneas) or both despite the continuing
respiratory effort. This results in arousals from sleep and oxygen desaturations. In
adults, a complete obstruction or apnea is defined as cessation of airflow at least 10
seconds whereas a partial obstruction or hypopnea is usually defined as at least 30%

reduction in airflow for 10 seconds (2, 4, 12).

Untreated sleep apnea not only leads to reduce working and functional capacity
and undermines the quality of life but also exerts high incidence of mortality, the

number of accidents and incidence of cardiovascular disease (2, 4, 12).

2.2 Anatomy of the Upper Airway

The upper airway is a tube from the nose down to the vocal folds but the
collapsible segment involves from the nasopharynx to epiglottis where there is no rigid
support (Figure 2.1). The upper airway is divided into the upper and lower portions,
both are generally considered as the extrathoracic structure. The lower portion
contains a cartilage framework that makes it a semirigid tube which is likely
uncollapsible. Whereas the upper portion is the cartilage-free structure which makes it
a collapsible part. Abnormal anatomic structure of the upper airway is the most
important problem in patients with OSA (13). Anatomic narrowing contributes to
upper airway collapsibility (23) where the reverse transmural pressure, pressure

gradient across the tube, takes place. The major functions of the upper airway are to
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conduct the air into the lung, swallow and speech. Maintaining of upper airway
patency depends on the tone of three primary dilator muscles, including the tensor
palatine (the muscles controlling palatal position), the genioglossus muscle (an
important dilator muscle of tongue protrusion) and the hyoid muscles (13, 24) (Figure
2.1). Additionally, adipose and connective tissues surrounding this airway must be
concerned. Fat deposition likely exerts a positive pressure outside the airway which
will likely compress into the airspace that makes a reduction of the airway’s
dimension (2, 13). The site of upper airway obstruction varies among patients, mostly
appears in oronasopharynx at the palatal level, the orohypopharynx at the base of

tongue level and the laryngopharynx at the epiglottic level (13, 25).

Action of the upper airway Sites of obstruction during
dilator muscles

Figure 2.1 Anatomy of the upper airway (A), the dilator muscles of upper airway (B)

and the sites of obstruction in Obstructive sleep apnea (C) (13).

On the basic knowledge, flow is steady within the same cross sectional tube. In
a tube which is compressed by pressure outside the airway as the pathways of airflow
are narrowed, this will result in an unsteady flow. The compliance of the airway tube
composes of three concepts involved (13). First is the Bernoulli’s principle, similar to
fluid flow, a negative pressure occurs at the periphery of the flow and as the flow
velocity increases, so does a negative pressure. When the inspiration is faster, a
negative pressure and the force of collapse will be also greater, is like a sucking

through a straw. The second is the Venturi effect, when fluid flows through a
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decreased cross-sectional area, the flow velocity will increase. And the last concept
involves the variable resistor. As the flow increases, so does the flow resistance.
Therefore, the upper airway obstruction during inspiration and the occurrence of
airflow resistance through a collapsible portion can be explained from these three

concepts.

2.3 Pathophysiologic Cycle of Obstructive Sleep Apnea

Inspiration is like a negative pressure reflex that activates the upper airway
dilator muscles contraction to resist the airway closure. During wakefulness, the
continual neuromuscular activation of these muscles is able to maintain the airway
patency but the ability of its to respond a negative pressure decreases during sleep
because of involuntary muscles relaxation (2, 12, 13, 26). These result in the loss of
patency so the upper airway during sleep is likely collapsed easier than in the awaken
state. Previous studies found that electrical stimulation of the dilator muscles could
increase respiratory airflow and decrease a critical pressure and pharyngeal resistance

(27, 28).

At sleep onset, dilator muscles relax. The behaviour of the relaxed muscles
depends on the transmural pressure, pressure inside minus pressure outside the lumen.
With decreasing in this pressure gradient, airway tends to be narrowed or even
collapsed. This results in an increase upper airway resistance and produces apnea or
hypopnea. Reduction in airflow gradually develops hypercapnia and hypoxia, which
negatively affected the physiologic function. As part of homeostatic readjustment,
respiratory effort progressively increases in response to such stimuli and triggers an
arousal. Arousal from sleep aggravates the muscle tone that leads to airway opening
and restores breathing. Cycle of obstruction will occur again at sleep onset as show in

Figure 2.2.
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Sleep onset

Restored breathing \

/ Airway opening
Reduced dilator T
Muscle activity

l Arousal
Airway narrowing T

or collapse \
Increased upper Increased
/ airway resistance Ny ' respiratory
ffort
Reduced airflow o

\4 /‘l:hysiological
adjustment

Hypercapnia
Hypopnea or apnea ; }ﬁ)ypo)ga

Figure 2.2 The recurrent pathophysiologic consequence of Obstructive sleep apnea

(12).

In normal population, slight upper airway narrowing was observed at sleep
onset. The narrowing airway produced inspiratory flow limitation, then snoring was
generated, and finally there was complete collapsed which produced a full apnea (29)

(Figure 2.3).

Increasing incident of pharyngeal collapse

T I
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T

Snoring  Apnea
breathing breathing limitation

Figure 2.3 Progression of upper airway narrowing (30).
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2.4 Severity of Obstructive Sleep Apnea

Severity of OSA is measured as the apnea-hypopnea index (AHI) that shows
the number of events in which apnea or hypopnea has been detected during one hour
of sleep. The presences of AHI at least 5 events per hour during sleep are called OSA.
OSA is usually divided into 3 levels according to its severity (4).

Mild sleep apnea AHI  5-15 events/hour
Moderate sleep apnea AHI 16-30 events/hour
Severe sleep apnea AHI >30 events/hour

2.5 Common Signs and Symptoms of Obstructive Sleep Apnea

The symptoms of OSA can be divided into nocturnal and daytime symptoms.
Daytime symptoms are usually the result of sleep fragmentation (12). Snoring may be
the first sign that associated with OSA (4).

2.5.1 Nocturnal symptoms include:

Snoring
- Witnessed apneas
- Nocturnal gasping
- Nocturnal choking
- Dyspnea
- Sleep fragmentation
2.5.2 Daytime symptoms include:
- Excessive daytime sleepiness
- Daytime fatique
- Morning headaches
- Impaired memory and concentration

- Personality changes; irritability, aggressiveness, depression, anxiety

2.6 Factors Enhancing Obstructive Sleep Apnea
2.6.1 Obesity
Obesity is a significant risk factor for OSA (2, 4, 12, 31). An increasing
in body weight (BMI>30 kg/m?) can be presented 70% of patients with this disorder
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(2), in which the underlying mechanism are still unclear. However, increasing weight
probably caused deposition of fat around the pharynx (32) and increasing the mass in

pharyngeal tissues that resulted in airway compression (33).

2.6.2 Gender
Gender difference is also a risk factor for OSA. Many studies found that
OSA is more common in males than females (2-4, 12, 31, 34). The male:female ratio
for a prevalence was approximately 3:1 (35). In 2003, Mohsenin Vahid demonstrated
that females had less collapsible airways than males due to the difference in tissues

linkage which was more stable and less mobile of the upper airway structures (34).

2.6.3 Age
The prevalence of OSA tend to increase with age (2, 4, 12, 31, 36) with
its maximum prevalence in the middle age group (45 to 64 years) where the peak was
approximately at age 55 years (36). In 1997, Martin and coworkers showed that upper
airway size decreased with increasing age in normal subjects (31). This might cause by
an impaired of upper airway dilating muscle activity with age. Additionally, it was

indicated the evident of age related to increase in pharyngeal resistance in male (37).

2.6.4 Alcohol consumption
Alcohol consumption have influence to reduction of upper airway dilator

muscles activity (2, 38) due to the functional impairment of central nervous system

4.

2.6.5 Smoking
Smoking reduced the effectiveness of respiratory system due to airway
inflammation, airway edema or both (2, 4) and increased the production of mucus
which caused airway narrowing (39). Additionally, carbonmonoxide in cigarette that

stored in blood results in diminished nocturnal oxygenation (4).
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2.7 Treatments of Obstructive Sleep Apnea

The treatment of OSA is aimed to control the complications of the disease such
as respiratory failure rather than the respiratory disturbance itself (40).

2.7.1 Life style modification

Risk factors for OSA should be modified (12). Weight reduction is

primary treatment for obese patients with sleep apnea. The target weight to reduce
does not need to be within the normal weight range, expected loss of 5-10%. And the
next step is weight control which need to be a long-term protocol (4). However, the
other risk factors should be considered to be modified. This includes stopping cigarett

and alcohol consumption.

2.7.2 Positional therapy
Positional therapy can be applied in OSA patients or in combination with
ventilator (CPAP: continuous positive airway pressure). This therapy consists of
placing patients sleep in side lying or head up position. Patients who responded to this
therapy are mild OSA or nonobesity (2, 4, 12). This treatment has considerably low
cost. Various investigations showed the effectiveness of this therapy and will be

presented in effect of sleep position on abnormal respiratory condition (see below).

2.7.3 Nasal Continuous Positive Airway Pressure (NCPAP) therapy
NCPAP treatment remains the selected choice for OSA, it becomes the
most effective and widely used treatment. It is treated by providing air under positive
pressure through a nasal or face mask to prevent collapse of the upper airway (12).
The pressures vary between 5-15 cmH,0 and seem to depend on degree of obesity and
severity of apnea (30). It should be used at least 5 nights per week, 3-4 hours per night

to be an effective treatment (4).

2.7.4 Oral devices
There are various devices influencing the position of the mandible and
tongue. These devices will support the protrusion of the mandible or prevent retraction

of the tongue to increase a space in posterior pharyngeal area. The devices might solve
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for patients with snoring or mild to moderate sleep apnea but should not be used for

patients with temporomandibular joint problem (12).

2.7.5 Medication
Several medicines are used to treat sleep apnea, such as protriptyline,
progestation agents, tryptophan and supplemental oxygen. These medicines are
effective in some patient with mild to moderate sleep apnea. However, medication is
unpopular and rarely used to treat sleep apnea due to its side effects. These include dry

mouth, hair loss, rash, urinary hesitancy, constipation and impotence(4, 41, 42).

2.7.6 Surgery
Surgical treatment is the best choice in patients with mild to moderate
OSA who can not use CPAP (12). The objective of surgery is to widen the airway (4),
increase the air space and decrease the airway resistance. A variety of these invasive

procedures depend on site of obstruction.

2.8 Effect of Sleep Position on Abnormal Respiratory Condition

Body position had a major effect on breathing during sleep in patients with
OSA. Patients who had at least twice as apnea/hypopnea in the supine than side lying
position were called “positional patients”. These patients were thiner, younger and had
less abnormal breathing than nonpositional patients, therefore the positional treatment
is effective in mild OSA (43). Snoring, hypopneas and apneas are all common in the
supine than sitting due to soft tissue structures like soft palate, tongue moved

posteriorly lead to reduce in the oropharyngeal dimension in supine position (44, 45).

In 1986, McEvoy and coworkers reported that in upright sleep position, the
frequency of obstructive apnea and arousal from sleep decreased whereas gas
exchange was improved (7). In regard to the angle of sitting, the recent studies showed
that nasal patency progressively decreased from sitting upright to supine but there was
no significant difference between the 30° and 60° dorsally reclined (46). Consequently,

the OSA patients can be treated in either 30° or 60° dorsally reclined position.
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In 2003, Nakano and coworkers studied on snoring and found that the snorers
decreased snoring both duration and intensity in side lying position (47). In adult
patients, sleep apnea was worse in the supine position but children with OSA was
contrast to adults (48, 49). Children had a lower apnea in supine compared with prone

and shorter apnea when supine than side lying (48).

Therefore, the positional effect might significantly reduce the frequency and

severity of occlusion in OSA patients.

2.9 Effect of Sleep Position on Airway Dimensions

Previous studies reported the effect of posture on upper airway dimensions in
normal subjects (8, 14) and patients with the sleep apnea/hypopnea syndrome (8, 15,
50). Most of the reports showed the similar result in that cross-sectional areas (CSA)
of upper airway were narrower in supine than in sitting in both normal and patients,
No difference between supine and side lying positions. Although the prone position
had rarely been considered, Pevernagie and coworkers found that the upper airway
size in prone showed no significant difference in positional and nonpositional OSA
patients (45). This due to gravitational force which develops anterior pulling of the
tongue and soft palate. Therefore, this upper airway cross-sectional narrowing mainly

resulted from the effect of gravity.

2.10 Mechanics of Breathing

Air flows into and out of the lung according to the pressure gradients between
the mouth and the alveoli, from the higher to the lower pressure region. Air will flow
into the lung during inspiratory phase where the alveolar pressure (Pgy) is less than
atmospheric pressure (Pam). On the contrary, when alveolar pressure is greater than
atmospheric pressure, air will flow out of the lung. These dynamic processes are the
result of respiratory muscle function which exerts the rhythmic contraction-relaxation
during the respiratory cycle (Figure 2.4). At the end of normal expiration where glottis
is opened and respiratory muscles are in the relaxed state, mouth pressure (Pp,) is
equal to P,y and Py, thus there is no airflow into and out from the system (51-55).

During inspiration, respiratory muscles actively compress on abdominal contents
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while lift the lower ribs upward and outward. As a result, the intrathoracic cage
becomes highly negative pressure when compared to the environment. Force
generated by respiratory muscles then overcomes the impedance from, at least, inward
recoil of the lung tissue itself. There is transmission of force from respiratory muscles
to the lung via pleural space. This space always exhibits the negative pressure which
allows the simultaneous changes of the thoracic cage and the lung. At end expiration
(at FRC), the inward recoil of lungs is counteracted by the outward recoil of the chest
wall which causes a negative pressure (-5 cmH,0). As inspiration takes place (above
FRC), force generated by inspiratory muscles must overcome the additive inward
recoil of the lung, in accompany with the inward recoil of the thoracic cage (Figure
2.4). Thus, normal expiration is a passive process where respiratory muscle function
ceases and inward recoil dominates. Like flow of fluid along the tube, pressure
gradient across the alveoli must be taken into account. Transpulmonary pressure,
pressure across the alveoli and pleural space, is the most important transmural pressure

gradient which determines the successfulness of breathing (51-55).
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F]
no air flover: atmospheric ! I i adr floar i atmospherio
presaure = alveolar pressure T i presaure = alveolar pressure
= Hnuh!.rard recnﬂ#___ .
>\ of chest wrall

i
e R force generated by

alweolar pressure:
0 emi O j 1m0 inspiratory nmscles
intraplenral presnave: irperard recodl intraplenral pressure:
-3 cmHEO

=5 .:mﬂzo ]l + of alveali

r"\.
7 N l |
tramsnmral pressure: ’ . \ .

0 emH0 - (-5 emi0) = +5 cmi,0 transrmaral pressure:
2 2 1 om0 - (BemB,0) = +7 cmi0

END EEPIEATION DUORIN G IMSPIRATION

Figure 2.4 Representation of the interaction of the elasticity of lung and chest wall

and transmural pressure during respiratory cycle (51).
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During inspiration, active inspiratory muscles contraction cause an increasing
in thoracic volume. The pleural pressure becomes more negative and the lungs expand.
With this increased in lung volume, alveolar pressure decreases and becomes negative
(-1 cmH,0) which result in air flows into the lung down this pressure gradient. Air
continues to fill the lung until the alveolar pressure again equals the atmospheric

pressure. At this point, air flows stop and inspiration ends (51-54) (Figure 2.5).

During expiration, inspiratory muscles relax and lung recoil, this result in the
pleural pressure becomes less negative and lung volume reduces to resting volume
(FRC). This decreased lung volume compresses the alveoli and alveolar pressure
becomes positive (+1 emH,0) which result in air flows out of the lung down this
pressure gradient. As the alveolar pressure again equals to the atmospheric pressure,
air flows stop, expiration ends and the next breathing cycle is initiated (51-54) (Figure

2.5).

The pleural pressure is changed during normal breathing cycle by two
pathways. The dashed line shows the pleural pressure during no airflow. This pressure
changes to overcome only elastic recoil force of the lungs. As the solid line shows
changing in pleural pressure during airflow which is the sum of the pressure change to
overcome both an elastic recoil of the lungs and airflow resistance. Thus the difference
between two lines is the pressure change required to overcome an airflow resistance

(53, 54).
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Figure 2.5 Volume, pressure and flow during the normal breathing cycle (53, 54).
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2.11 Airway Resistance

Airway resistance (R,y) is the friction of gas flow while molecules of flowing
gas impede either with other gas molecules or the wall of branches of respiratory tract.
This resistance is dynamically taken place, particularly during expiration, in normal
subjects and may be aggravated in patients whose tiny airways structures are unstable
(51). Airway resistance (in cmH,O/L.s™) is defined as the ratio of driving pressure
(AP) to airflow (\./) (51, 52). Based on the laminar flow assumption, the approximation
of airflow is as follow:

I _ P emHO
2 7 Liz

Where R,,, = airway resistance, AP = driving pressure and V = airflow.

Measurement of R, is a simple procedure by having a subject breath through a
system. However, determination of simultaneous changes of pressure and flow is not
quite easily performed. Present techniques used for R,,, determination include highly
sophisticated equipment, a plethymography body-box (Figure 2.6), oscillometry
(Figure 2.7) and subjective evaluation from peak flow meter (Figure 2.8).

Figure 2.6 A plethymography “body-box” used to determine R,, with multiple
volume and pressure transducers mounted on the wall of this closed system make it

possible to define compliance, flow, volume and resistance of airways.
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Figure 2.7 Determination of airway resistance (R,y) using resonance oscillometry

method.

Figure 2.8 Subjective evaluation of R, from peak flow meter. This technique is

routinely performed in asthmatic subjects prior to and after allergic tests.

Airway resistance is not generated evenly throughout the respiratory system
(Figure 2.9). This resistance varies with airway generations, it decreases in parallel
with successive airway generations from a maximum in medium bronchi to almost
zero at 15th generation. The upper airway resistance roughly accounts about 50% of
the total resistance normal breathing. As breathing pattern is changed to nasal cavity,
upper airway resistance increases to 66% of the total resistance (56). Resistance in
larger airway, from trachea to segmental bronchi, provides 80% of the total airway
resistance while the small or peripheral airway accounts for only 20%. It is also found

that the small or peripheral airway with diameter of less than 2 mm. develops such
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high Ry (51, 52, 54). Thus, the airway size is the most important factor involving in
airway resistance (Figure 2.9). Additionally, the other factor include airway length,

airway smooth muscle tone and the physical properties of the airflow such as gas

density and viscosity are also influence to airway resistance (57).
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Figure 2.9 Airway resistance (R,y) varies with lung volume and airways generation.

Raw is the highest at residual volume (RV) and the lowest at total lung capacity (TLC).

The driving pressure or transmural pressure gradient (Pj, — Poy) is necessary to
pull air into the airway during inspiration and push alveolar gas out of the lung during
expiration. It depends on flow rate and pattern of flow like the other fluids, can occur
as laminar, turbulent or transitional flow. The driving pressure 1 cmH,O is adequate to
cause air flow (normal airflow is 0.5 L.s™), thus a typically of airway resistance during

quiet breathing about 2 cmH,O/L.s™ (1 cmH,0/0.5 L.s™) (54).

2.11.1 Nature of airflow
Laminar flow is characterized by steamline flow along a straight
unbranched tube as series of concentric cylinder (Figure 2.10). Air flows at different
rates, but the pathway in the center of tube has the highest velocity and the slowest
velocity is along the wall of tube because of the frictional force with the wall. Laminar

flow occurs in the small airways where airflow is very low.
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Figure 2.10 Laminar flow takes place at low velocity air passes through narrow tubes,
it tends to be more orderly and streamlined and to flow in a straight line. Laminar flow

is directly proportional to the driving pressure.

Airway resistance along the laminar flow varies with the viscosity of gas
and the length of tube. The general equation for laminar flow resistance is estimated

from Poiseuille's law as follow (51, 52, 58):

AE2NaJ) )
Where n = viscosity of gas, 1 = length of the tube and r = radius of the
tube. Thus, there are some variables which directly affect R,, while some exerts

indirect effect.

Turbulent flow consists of irregular patterns of airflow (eddy’s flow,
Figure 2.11) that result in a sound during inspiration and expiration (59). Turbulent

flow can occur at high flow rate, especially through the large airway or irregular tube.
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Figure 2.11 Turbulent flow takes place when air flows at higher velocities, especially
through an airway with irregular walls, flow becomes disorganized, even chaotic, and

tends to form eddies. This is found mainly in the largest airways, like the trachea.
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Airway resistance in turbulent flow is higher than laminar flow according
to the physical characteristic of airflow. The onset of turbulence under ideal conditions

can be predicted by calculating the Reynolds’number (R.) as follow (51, 52, 58):

E_E:M

Where v = flow velocity, D = tube diameter, p = gas density and = gas viscosity.

It is estimated that turbulent flow might take place when R, is greater
than 4000 (58). A relatively large driving pressure is required to sustain turbulent
flow. Driving pressure during turbulent flow is in fact proportional to the square of the

flow rate such that to double the flow rate one must quadruple the driving pressure.

AP = K8 where A P = dniving pressure, K = constant, V= airflow

Transitional flow is a mixture of laminar and turbulent flow. This type
of flow occurs at the point distal to partial obstruction. It trends to occur if airflow is

high, gas density is high or radius of tube is large (51).

Traditionally, the sigmoid shape of pressure-flow curve is interpreted as
representing laminar flow in its straight portion but turbulent flow in its more
curvilinear portion (60). Therefore, slope of linear pressure-flow relationship can be

approximate the airway resistance (Figure 2.12).

Laminar
Flow
Flow \
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Flow
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Figure 2.12 A shape of pressure-flow relationship, linear line is laminar flow and

curvilinear is turbulent flow.
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2.12 Effect of Sleep Position on Upper Airway Resistance

Significant increase in upper airway resistance (UAR) during sleep in humans
had been studied (24, 61). An increase in UAR correlates with the decrease in tensor
palatini muscle activity which could induce a narrowing of airway in the area posterior
to soft palate (24). Therefore, a decreasing in the activity of pharyngeal dilator
muscles during sleep had been proposed as the main mechanism for this increase in
UAR in apnea patients. However, Hudgel and coworkers reported that nasal resistance

alternated during sleep as well as wakefulness(62).

In 1982, Anch and coworkers found that the effect of changes in position on
supraglottic pressure-flow relationship and its resistance were similar in both normal

and OSA patients during awake (22).

Tvinnereim and coworkers in 1996 found that pressure-flow relationship in
normal subjects during awake is a linear. Upper airway resistance trended to be higher
in supine than sitting. There was no significant difference in pressure and resistance

between supine and lateral position (16).

2.13 Model of Behavioral Changes of the Airway

In describing the dynamic behavior of the airway during breathing cycle, it is
performed in physical model. The basic knowledge is considered the airway as a
collapsible tube and its resistance is the relationship between driving pressure and
flow. Negative intrathoracic pressure transmit to the upper airway passively during
inspiration would promote a reduction in pharyngeal cross-sectional area (63).
According to the balance of pressure concept (64), the size of the airway depends on
the balance between intraluminal pressures during inspiration and outward forces of

upper airway dilator muscles contraction.

Negative inspiratory pressures which lead to the airway closure generated by
the upper airway and respiratory muscle activity (64-66). Pharyngeal wall can be
closed completely at very little negative pressure (-1.5 cmH,0), a positive pressure in

range of 2 to 3 cmH,0 can force the wall open again (67).
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The linear pressure-flow relationship was used to define a resistance (Figure
2.12). Previous reports described the pressure-flow relationship of upper airway and
its resistance during sleep (17-19). The mechanical narrowing of the upper airway is
related to changing in pressure from the collapsible segment and this occlusion
increased airway resistance and probably related to a decrease in upper airway muscle

tone (21).

2.13.1 Starling resistor model
A pattern of flow on the driving pressure occurs in “Starling resistor”,
which is a specific model of collapsible tube behavior that can explain the physiologic
mechanism which leads to increased upper airway resistance and collapsibility in OSA
patients (68). This behavior is characterized by an initially increases flow as driving
pressure increases. At flow limitation, there is a progressive plateau of flow despite

continuing increase in driving pressure (19).

Collapsibility regarded from the upper airway critical pressure (P;) that
surrounds the collapsible segment. The behavior physical model consists of a thin wall
elastic (collapsible) tube enclosed in the chamber. The pressure in this chamber (Pi)
varies to be less or greater than the pressure inside the tube. When P is greater than
zero, there is airway collapsed at rest and obstruction of the tube occurs. In contrast,
more negative P is associated with remaining inspiratory airway patency (19, 68-

71).

In normal awake subjects or patients on optimal CPAP, the inspiratory
upper airway resistance remains low throughout their breath. As the transmural
pressure grandient is inadequate to collapse, Pt is a negative thus the airway remains
patent. The flow increases proportionally to driving pressures in a linear pressure-flow
relationship. This results in a rounded contour of the inspiratory flow during each

breath (Figure 2.13A).
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In patients with snoring and OSA, partial collapse may occur during
inspiration, P approaches zero in snoring (70) and might be positive in OSA patients
(19, 69, 72). At higher driving pressure, greater collapse occurs and there is no futher
increase in flow despite greater inspiratory effort, resulting in an increased upper
airway resistance. The flow increases nonproportionally to driving pressures. The flow
contour of each breath differs from normal breath. The appearance of a plateau in
inspiratory flow contour indicates a partial obstruction and high upper airway

resistance (Figure 2.13B).
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Figure 2.13 Starling resistor behavior. (A) No obstruction (normal airway or low
transmural pressure), a linear pressure-flow relationship and rounded contour of
inspiratory flow for each breath were shown. (B) A partial obstruction and increased
airway resistance (collapsible airway), flow increases up to a point and then remains
constant despite increasing in pressure, and the appearance of a plateau in inspiratory

flow contour was shown (68).
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In 1997, Neil and coworkers found that the upper airway in lateral position was
more easily opened when compared with the supine position (9). In 2001, Penzel and
coworkers compared the effect of sleep position on upper airway collapsibility, a
significant reduction from supine to lateral position was found. P in supine was
positive whereas in the lateral position was negative (73) and the result implied that
nasal continuous positive airway pressure (NCPAP) was lower in lateral than supine

position (73-75).

According to the fact that nasal pressure is atmospheric (P,= 0), a decrease in
nasal pressure results in the reduction in inspiratory airflow and increases in resistance
until the nasal pressure is lower than P, as a result in inspiratory airflow ceased and
upper airway occluded. P can be defined as the level of nasal pressure at which
inspiratory flow first ceased (19, 71, 76). Consequently, the application of NCPAP in

OSA patients can eliminate the occlusion when level of nasal pressure is above Pit.

From the literature review, most of studies determined only inspiratory
resistance, very little attended separately changing in inspiratory and expiratory
resistances. In 1983, Sanders and Moore showed that airway resistance increased
during both inspiration and expiration (77). Recently, the study indicated that airflow
obstruction also worsened during expiration (78). Therefore, the loss of airway
patency does not occur only during inspiratory phase. To understand the basic
knowledge, the aim of this study is to evaluate the effect of position on airflow
resistance in healthy males during wakefulness condition. Its benefit will be applied as

a part of treatment for OSA patients.
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3.1 Subjects

CHAPTER III

MATERIALS AND METHODS

Healthy Thai males, university students aged between 18 and 24 years,

voluntarily participated in this study. Preliminary interviewing and physical

examination procedures were performed by an investigator prior to the test. Inclusion

and exclusion criteria were specifically set for this experiment as follows:

3.1.1 Inclusion criteria

Sedentary or active habitual physical activity (total physical activity
scores between 3-8) using habitual physical activity level
questionnaire (79, 80) (Appendix C.2)

Non-obese as indicated by BMI (81), % body fat (%BF) (82) or waist
to hip ratio (W/H) (81)

Normal pulmonary function test for Thai male according to FVC,
FEV, and the ratio of FEV;/FVC > 80% predicted values (83)
(Appendix D)

Non-snoring (based on self- report)

Ability to understand verbal instruction on laboratory maneuver

Free from musculoskeletal and neurological disorders of naso-
oropharynx cavity.

Intact gag, swallowing and cough reflexes

3.1.2 Exclusion criteria

Having known cardiovascular or respiratory disorders
Taking caffeine and/or alcohol-containing beverages within 24 hours

prior to the study
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- Current smoking or history of heavy smoking (more than 20
cigarettes/day, longer than 5 years)

- Taking any medicine that might affect the respiratory system

- Surgical history of the upper airway and the chest

- History of accident around the chest area

3.2 Design of the Study

This study was assumed that there is no individual variability of upper airway
anatomic contour. This study compared change of upper airways dimension when

subject was in different position while performing quiet respiration.

3.3 Instrumentations
3.3.1 Pneumotachometer

Airflow and pressure were measured through pneumotachograph unit
(Model MFP-1200, Nihon Kohden, Japan), which was connected to a mouthpiece.
This unit was composed of a No.3 Fleish air resistance tube, a pneumotachograph
main unit including two differential pressure transducers (MPX2050DP, Motorola
Freescale Semiconductor, Inc.) for measurement of flow and pressure signals,
respectively and a pneumotachograph control box (Figure 3.1). This system was
specially designed by The Project of Research and Development of Biomedical
Instrumentation, Institute of Science and Technology for Research and Development,
Mabhidol University. The control box was designed to automatically control at the
constant temperature of 38°c inside the air resistance tube and the built-in
electromagnetic shutter (an interrupter valve). This system had constant volumetric
space, approximately 120 ml, and detected airflow within the range 0-10 L.s™,

pressure within the range — 100 to +100 cmH,O.
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Figure 3.1 Circuit diagram illustration of pneumotachometer setup and data

acquisition using transient interruption technique.

Pressure and flow signals were adjusted by signal conditioning connector block
(SC 2345, National Instruments, Singapore) (Figure 3.2) and transformed to digital
values and displayed on data acquisition card (PCI 6023E) in the sine-wave curve
fashion using the Labview program version 6.1 for processing on computer screen
(Figure 3.3). Airflow resistance was calculated from signals representing pressure and
flow: separately by the ratio of pressures to inspiratory and expiratory flows. The

calibration was routinely performed prior to the study using a 3-L syringe and a flow

calibrator (Appendix F).

Figure 3.2 Pneumotachometer (A), shutter unit (B), control box (C), signal
conditioning connector block (D), filter (E), airway tube (F) and mouthpiece (G).



Soontaree Chayawatcharakul Materials and Methods / 30

This instrument was based on a transient airflow interruption technique for
measuring airflow resistance. The technique was conducted by briefly interruption of
airflow during spontaneous breathing cycle, whenever the subject did not recognize. It
was assumed that the immediate post-occlusion (closing shutter) mouth pressure
represented an instant alveolar pressure. As the occlusion was sufficiently rapid,
airflow signal prior to an immediate occlusion was detected. Airflow resistance was

then calculated by the ratio of mouth pressure to flow.

FLOWRATE . . PRESSURE
725 y N

-
8-
40-
45~
50 -
5
40-
5~
70}
03:06:20 P

03/07/2006 Hﬁ,
—

|
03:11:23 PM

[;evice I;igitsb”'recimn‘ .' 3 f 'I;ge.n—d'" . ("LEuend -
gn _-j ur header t . OFF

Time Between Points ——
(HHMM.5S) [ st
— ‘

Eannels L h Last Time Logged

Figure 3.3 A screen display of the sine-wave curve fashion during inspiratory and
expiratory cycle using the Labview program version 6.1 (flow rate signal on the left

and pressure signal on the right).

3.3.2 Peak flow meter

The peak expiratory flow rate measured how fast a person maximally
breath out (exhale) air. It is one of many tests that measure how well the airways work.
In the present study, peak expiratory flow was measured using peak flow meter
(Combivent”, Vitalograph, INC., Ireland) (Figure 3.4). Normal values vary
considerably according to a person's age, sex, and size. Peak flow measurements are
most useful when a person is able to take and compare peak flow measurements on a
day-to-day basis. In normal subject, peak expiratory flow rate (PEF), in the unit of
L/min, apparently occurred during the initial expiratory phase, which represented the
first bolus of air stream being expelled from upper airways (Figure 3.5). Determination
of peak expiratory flow rate in the present study was conducted according to the

standard procedure proposed by American Thoracic Society (ATS) (84).
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Figure 3.4 Peak flow meter (Combivent®™) (A) and plastic mouthpiece (B).

PEF 191 Flow (I/sec)

Expiration

o

Inspiration

Figure 3.5 Peak flow rate appears as the highest expiratory flow from flow-volume

loop.

3.3.3 Spirometer
The Digital Spirometer (Pony FX pulmonary function equipment,
Cosmed, INC., Italy) (Figure 3.6) was used for pulmonary function test using
technique recommended by American Thoracic Society (ATS) (83). Fast spirometric
maneuvers (Figure 3.5) were conducted in the present study including force vital
capacity (FVC; the total amount of air that is forcibly blowed out after full inspiration,
measured in liters), force expiratory volume in one second (FEV|; the amount of air

that can be forcibly blowed out in one second, measured in liters. Along with FVC it is
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considered one of the primary indicators of lung function), ratio of FEV/FVC (the
amount of the FVC that can be expelled in one second. In healthy adults this should be
approximately 80%) and peak expiratory flow (PEF; the speed of the air moving out of
the lungs at the beginning of the expiration, measured in liters per second). The best of
three acceptable test was compared with the predicted values from normal lung

function in Thai male (83).

Figure 3.6 Spirometer (Pony FX pulmonary function) (A), paper mouthpiece (B) and
noseclip (C).

3.3.4 Skinfold caliper
The skinfold caliper (The Accu-Measure™, Accu-Measure, Inc., USA)
was used to measure the skinfold thickness in both exercise physiology laboratory and
clinical basis for estimation percent body fat (%BF). It provided a simple and
noninvasive method of estimating body composition from fat fold. Millimeters of

selected skinfold thickness was used (Figure 3.7).

Figure 3.7 Plastic skinfold caliper (The Accu-Measure™).
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3.3.5 Measuring tape
3.3.6 Weight meter
3.3.7 Height scale

3.4 Baseline Assessment

The following measurements were performed for screening healthy subjects
before starting the study. The demographic data (age, weight, height and BMI),
medical history and habitual physical activity level were obtained prior to further

experimental procedures.

Body physiques:

Waist to hip ratio (W/H) was assessed. Waist circumference (W, inches) was
measured horizontally from the mid point between lower rib cage and iliac crest (86).
Hip circumference of hip (H, inches) was measured horizontally between greater
trochanters (81). This ratio indirectly defines body shape where W/H ratio >1.0

represents fatness.

The skinfold thickness measurement was used to estimate % body fat (%BF).
Four skinfold thicknesses; biceps, triceps, subscapular and suprailiac areas were
determined on the right side of the body while subject was standing in a relaxed
condition (arms hanged freely by the side). Techniques for measuring skinfold were 1)
grasped the subject’s skinfold and adjacent subcutaneous tissue with tips of thumb and
index finger using the left hand at specific located sites on the body. 2) raised the
skinfold and hold about 1-2 seconds. Placed jaws of the caliper perpendicular to the
skinfold at center between crest and base of fold. 3) repeated the measurement
procedure twice and calculated the average of skinfolds. Body density (Dy), based on
age and gender, was estimated from sum of four skinfold thickness (X,), %BF was
estimated according to an equation of Durnin and Womersley, 1974 (87):
Dy =1.1631-0.0632 log (X4)
Percentage of Body fat (%BF) is calculated from density using Siri’s equation, 1956:
%BF =[(4.95/ Dy) - 4.5] x 100
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3.5 Testing Procedures

After the informed consent form was completed. Subject, who met the
inclusion criteria, were clearly instructed for objectives and procedures of the test.
This study was approved by Ethics Committee of Faculty of Medicine Siriraj Hospital,
Mahidol University (Appendix A).

Baseline data:

After arrival to the laboratory, a subject was allowed to lie down in a bed until
his resting condition was achieved. Resting respiratory rate was then observed in the
supine position. In a wakefulness condition, testing was conducted under four
randomized experimental positions: reclining 30° supine lying, left and right side
lying. Each position was comfortably maintained for five minutes. If needed, small

pillows to support the head, neck and trunk were adjusted.

Breathing resistance determination:

The pneumotachometer unit was connected to subject’s airway by a
mouthpiece which was appropriately cleaned by disinfectant (Virkon™). Noseclip was
worn and the investigator checked for connecting hose lines and subject’s comfortable
feeling. Data collection was started when flow in and flow out were considerably
stable. The closing shutter for measuring airway pressure was made for approximately
ten interruptions between spontaneous breathing cycle. This procedure was randomly
repeated five times for inspiration and expiration, while the subject continuously
breathed through the mouthpiece. Data were shown in either tabulated or sine-wave

curve fashions. Airflow resistance was calculated by the equation as follow:

E = PIV

it

At the end of each session, mouthpiece and noseclip were taken off. After few
minutes break with the same position, peak expiratory flow (PEF) was then tested.
Techniques for measuring were 1) make sure that the sliding marker on the peak flow
meter is at the lowest number on the scale. 2) fully inspire and wear the noseclip. 3)
put the mouthpiece of meter into the mouth. 4) expire as hard and as fast as possible.

5) each performs three trials at least one minute interval between each trial and record



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physical Therapy) / 35

the best of three rating. Subject was allowed to have 5-10 minutes break until the
resting respiratory rates were achieved. The similar protocol was repeated under four
randomized positions. Throughout the recording session, each subject was instructed
to spontaneously breath via mouthpiece while keeping his wakefulness state. Airway
pressure, airflow and airflow resistance in each position used the mean value and PEF

used the highest value obtained from three trials for statistical analysis.

Reclining 30° Supine lying

Left side lying Right side lying

Figure 3.8 Four testing positions used in the study.
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3.6 Statistical Analysis

The present study was nested to explore differences in position on respiratory
variables within the same subject group; no comparison between different subject
groups was performed. Distribution of the data was tested using one-sample
Kolmogorov — Smirnov Goodness of Fit test. The repeated-measures one-way analysis
of variance (ANOVA) was used to determine the difference in airway pressures,
airflows, airflow resistances and peak expiratory flows between each position.
Comparison of respiratory rates, tidal volumes and minute ventilations were made
using data obtained from supine position as baseline. If there is a significant
difference, Bonferroni will be used as a post-hoc test. The level of statistically

difference for all analysis was set at p-value less than 0.05 (p< 0.05).
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Subject selection:
Healthy male, age 18-24 years old

\ 4

Questionnaire: Demographic data
Medical history
Physical activity level

Measurement: BMI, W/H ratio, Body fat assessment

Pulmonary function test

A 4

Inclusion & Exclusion criteria

A 4

Sign informed consent form

\ 4

RR measurement in supine (Rest)

A 4
Normal mouth breath
during wakefulness in

testing (randomized order)

- Reclining30° with a pillow
- Supine lying with a pillow
- Lt.side lying with a pillow
- Rt.side lying with a pillow

A 4
PEF test in that position

\ 4

Statistical Analysis

Figure 3.9 The research procedures.
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CHAPTER 1V

RESULTS

The purpose of this study was to examine the effect of body position on airflow
resistance during wakefulness condition. To avoid effects of age, gender and
complexity of the experimental procedures, only young university male students, who
met the criteria, were recruited in this study. Respiratory parameters including airway
pressure, airflow, airflow resistance for both inspiration and expiration and peak
expiratory flow were measured in four randomised positions (reclining 30°, supine

lying, left side lying and right side lying).

4.1 Characteristics of Subjects

Thirty male subjects were recruited. The characteristics including
anthropometric and physiologic data were presented in Table 4.1. All subjects
subjectively indicated for their active lifestyle and none had snoring history or
respiratory disorders. Body fat assessment and pulmonary function test in all subjects

were within the normal ranges at this age range.

Table 4.1 Subject’s characteristics and baseline pulmonary function. Values are
expressed as means and standard deviations of the mean. Volumes are in BTPS (body

temperature and pressure saturated with water vapor pressure). (N=30)

Physical characteristics:
Age (years) 21.73 £1.53
Weight (kg) 60.03 £ 6.17
Height (cm) 170.80 + 5.34
BMI (kg.m™) 20.54 + 1.48
W/H ratio 0.83 +£0.03
%Body fat 12.56 £ 3.77
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Lung function:

FVC (L, BTPS) 3.96 +0.32
FEV, (L, BTPS) 3.56 +0.31
FEV, /FVC (%) 89.90 + 4.57
PEF (L.s™) 8.18 + 1.05

Physical activity:
Physical activity scores* 7.17 £ 0.63

* assessed from physical activity questionnaire (see Appendix C.2)

4.2 Effect of Position on Respiratory Variables
4.2.1 Characteristics of respiratory variables among different positions
In the present study, characteristics of respiratory variables during
inspiratory and expiratory phases were presented separately. Respiratory rate, tidal
volume, minute ventilation, airway pressure, airflow, airflow resistance and peak
expiratory flow (PEF) during inspiration and expiration were consequentially

presented in Table 4.2 to 4.9.

4.2.1.1 Characteristics of respiratory rates, tidal volumes and minute
ventilations:

In the present study, respiratory rate, tidal volume and minute ventilation
were compared. Respiratory rate (RR) in supine position was 18.07 + 3.062
breaths/min, tidal volume (V) was 0.546 £+ 0.002 L and minute ventilation (\./E) was
9.857 £ 1.667 L/min. There was no significant difference of these variables (p>0.05)
when compared between supine vs. reclining, supine vs. left side lying and supine vs.
right side lying as showed in Table 4.2. Therefore, subjects breathed at the same

respiratory rate, volume and ventilation even they were in different positions.
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Table 4.2 Means and standard deviations of absolute respiratory rates (RR), tidal

volumes (V) and minute ventilations (Vg) in different positions.

Variables Supine Reclining Lt.side Rt.side Significant
30° lying lying level

RR 18.07 = 18.00 + 18.10 + 18.00 +

(breaths/min) 3.062 3.051 2.952 3.074 NS
V1 0.546 + 0.546 + 0.546 + 0.546 +

(L, BTPS) 0.002 0.002 0.002 0.002 NS
Ve 9857+ | 9.828+ | 9880+ | 9.823+

(L/min) 1.667 1.660 1.613 1.674 NS

NS = no statistically significant different from supine position.

4.2.1.2 Characteristics of airway pressures:

During inspiration, airway pressures ranged from 3.956 £ 0.535 (in the
reclining position) to 5.056 + 0.725 emH,O (in supine position). However, there was
similar value in pressure found between two side-lying positions (Table 4.3). Pressure
decreased about 20% in reclining and 15% in side lying when compared with supine
position (Table 4.4). Similarly, this pattern of changes in expiratory variables was
detected in that reclining position showed the lowest (2.964 = 0.340 cmH,0) whereas
supine position had the highest pressure (3.774 + 0.521 cmH,0). These values, again,

showed a similar pressure between two side-lying positions.

Table 4.3 Means and standard deviations of absolute airway pressures in different

positions at normal end-inspiration and end-expiration.

Phase Supine Reclining 30° | Lt.side lying Rt.side lying
(cmH,0) (cmH,0) (cmH,0) (cmH,0)

Inspiration 5.056+£0.725 | 3.956+0.535 | 4.322+0.694 | 4351+0.711

Expiration 3.774 £0.521 | 2.964+0.340 | 3.249+0.402 | 3.224+0.429
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Table 4.4 Means and standard deviations of percent changes from supine airway

pressure in different positions at normal end-inspiration and end-expiration.

Phase Supine Reclining 30" Lt.side lying Rt.side lying
(%) (7o) (o) (o)

Inspiration 100 79.13 £ 10.85 85.70 + 7.63 86.37 +£9.04

Expiration 100 79.42 +10.95 86.71 +£9.31 85.93 + 8.56

4.2.1.3 Characteristics of respiratory airflow rates:

During inspiration, respiratory airflows fell in the narrow ranges, from
0.513 + 0.015 (in the supine position) to 0.536 + 0.020 L.s" (in reclining position).
However, there was similar value in airflow found between two side-lying positions
(Table 4.5). Airflow increased about 4% in reclining and 2% in side lying when
compared with supine position (Table 4.6). Similarly, this pattern of changes in
expiratory variables was detected in that reclining position showed the highest (0.527
+0.018 L.s™) whereas supine position had the lowest airflow (0.509 = 0.016 L.s™).

These values, again, showed a similar airflow between two side-lying positions.

Table 4.5 Means and standard deviations of absolute airflows in different positions at

normal end-inspiration and end-expiration.

Phase Supine Reclining 30° | Lt.side lying Rt.side lying
(Ls™) (L.s™h) (Ls™h) (L.s™h)

Inspiration 0.513+0.015 | 0.536+0.020 | 0.524+0.019 | 0.521 £0.011

Expiration 0.509 +£0.016 | 0.527+0.018 | 0.519+0.009 | 0.517+0.015

Table 4.6 Means and standard deviations of percent changes from supine airflow in

different positions at normal end-inspiration and end-expiration.

Phase Supine Reclining 30" Lt.side lying Rt.side lying
(%) (o) (o) (o)

Inspiration 100 104.55 +4.36 102.25+4.28 101.71 £ 3.21

Expiration 100 104.41 +3.74 102.25 +3.50 102.23 +3.29
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4.2.1.4 Characteristics of airflow resistances:

During inspiration, airflow resistances fell in the ranges from 7.340 +
0.850 cmH,O/L.s™ (in reclining position) to 9.878 + 1.315 (in the supine position).
However, there was similar value in airflow resistance found between two side-lying
positions (Table 4.7). Airflow resistance decreased about 25% in reclining and 15% in
side lying when compared with supine position (Table 4.8). Similarly, this pattern of
changes in expiratory variables was detected in that reclining position showed the
lowest (5.618 + 0.623 cmH,0O/L.s™') whereas supine position had the highest resistance
(7.397 + 0.996 cmH,O/L.s"). These values, again, showed a similar airflow resistance

between two side-lying positions.

Table 4.7 Means and standard deviations of absolute airflow resistances in different

positions at normal end-inspiration and end-expiration.

Phase Supine Reclining 30° | Lt.side lying Rt.side lying
(cmH,0 /Ls") | (emH,0/L.s™) | (emH,0 /L.s™) | (cmH,0 /L.s™)

Inspiration | 9.878 £ 1.315 | 7.340+0.850 | 8.241+1.202 | 8.364 +1.341
Expiration | 7.397+0.996 | 5.618£0.623 | 6.255+0.753 | 6.241 +0.799

Table 4.8 Means and standard deviations of percent changes from supine airflow

resistance in different positions at normal end-inspiration and end-expiration.

Phase Supine Reclining 30’ Lt.side lying Rt.side lying
(“o) (%0) (o) (o)

Inspiration 100 74.90 £7.73 83.56 +6.19 84.80 + 08.17

Expiration 100 76.55+7.73 85.08 £7.92 84.90 + 8.28

4.2.1.5 Characteristics of peak expiratory flows:

Peak expiratory flow (PEF) indicated that supine position had lowest
flow (429.7 £ 59.6 L/min or 7.16 + 0.99 L/sec) whereas reclining position had the
highest flow (476.0 £ 56.4 L/min or 7.93 + 0.94 L/sec). However, there was similar
value in PEF found between two side-lying positions. PEF increased about 11% in

reclining and 5% in side lying when compared with supine position (Table 4.9).
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Table 4.9 Means and standard deviations of absolute peak expiratory flows (PEF) and

percent changes from supine PEF in different positions.

Phase Supine Reclining 30° Lt.side lying Rt.side lying

Expiration

(L/min) 429.7 +£59.6 476.0 £56.4 455.3+61.5 449.3 £56.1

Expiration

(L/sec) 7.16 = 0.99 7.93 +£0.94 7.59+1.03 7.49 +0.93

% changes

(%) 100 111.17+4.76 | 106.154 +£5.33 104.86 = 4.50
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4.2.2 Comparison of mean differences of respiratory variables on position

4.2.2.1 Airway pressures, respiratory airflow rates and airflow
resistances during inspiration

There were significant differences of airway pressures, airflows and
airflow resistances during inspiration among positions (Table 4.10). Comparing
between supine vs. reclining, supine vs. left side lying, supine vs. right side lying,
reclining vs. left side lying and reclining vs. right side lying showed highly significant
of pressures (p<0.001 in all comparisons) with significant difference in airflows
(0.001<p<0.05). It was found that in all specified comparisons airflow resistances
were significantly different (p<0.001). However, there was no significant difference in

these variables found between two side-lying positions (p>0.05).

Table 4.10 Levels of confidence obtained from multiple comparisons of mean

difference (Bonferroni test) of respiratory variables on position during inspiration.

Inspiration
Position Pressure Airflow Airflow
resistance
Supine — Reclining 30° 0.001 0.001 0.001
Supine — Lt.side lying 0.001 0.038 0.001
Supine — Rt.side lying 0.001 0.036 0.001
Reclining 30" — Lt.side lying 0.001 0.005 0.001
Reclining 30° — Rt.side lying 0.001 0.001 0.001
Lt.side lying — Rt.side lying 1.000 1.000 0.816
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4.2.2.1.1 Comparisons on inspiratory airway pressures:

During inspiration, there was significant difference of airway pressures
(cmH»0O) among positions (Figure 4.1). Comparing the inspiratory pressures between
supine vs. reclining, supine vs. left side lying, supine vs. right side lying, reclining vs.
left side lying and reclining vs. right side lying showed highly significant differences
of pressures (p<0.001) in all the above comparisons. Airway pressure in supine
position was significantly highest among all other positions (p<0.05) whereas airway
pressure in the reclining posture was lowest (p<0.05) among four positions specified
in this study. No significant difference in airway pressure values was found between

two side-lying positions (p>0.05).
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Figure 4.1 Comparison of mean difference of airway pressures among different

positions during inspiration (** statistically significant at p<0.001).
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4.2.2.1.2 Comparisons on inspiratory airflow rates:

During inspiration, there was significant difference of airflows (L.s™)
among positions (Figure 4.2). Comparing the inspiratory airflows between supine vs.
reclining, supine vs. left side lying, supine vs. right side lying, reclining vs. left side
lying and reclining vs. right side lying showed highly significant differences airflows
(0.001<p<0.05) in all the above comparisons. However, no significant difference in

airflow values was found between two side-lying positions (p>0.05).
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Figure 4.2 Comparison of mean difference of airflows among different positions
during inspiration (** statistically significant at p<0.001, * statistically significant at

p<0.05).
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4.2.2.1.3 Comparisons on inspiratory airflow resistances:

During inspiration, there was significant difference of airflow resistance
(cmH,0/L.s") among positions (Figure 4.3). Comparing the inspiratory airflow
resistances between supine vs. reclining, supine vs. left side lying, supine vs. right side
lying, reclining vs. left side lying and reclining vs. right side lying showed highly
significant differences of airflow resistances (p<0.001) in all the above comparisons.
Airflow resistance in supine position was significantly highest among all other
positions (p<0.05) whereas airflow resistance in the reclining posture was lowest
(p<0.05) among four positions specified in this study. No significant difference in

airflow resistance values was found between two side-lying positions (p>0.05).
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Figure 4.3 Comparison of mean difference of airflow resistances among different

positions during inspiration (** statistically significant at p<0.001).
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4.2.2.2 Airway pressures, respiratory airflow rates, airflow
resistances and peak expiratory flows during expiration

There were significant differences of airway pressures, airflows, airflow
resistances and peak expiratory flows during expiration among positions (Table 4.11).
Comparing between supine vs. reclining, supine vs. left side lying, supine vs. right
side lying, reclining vs. left side lying and reclining vs. right side lying showed highly
significant (0.001<p<0.05) of pressures, airflows, airflow resistances and peak
expiratory flows. It was found that in all specified comparisons airflow resistance were
sigificantly different (p<0.001). However, there was no significant difference in these

variables found between two side-lying positions (p>0.05).

Table 4.11 Levels of confidence obtained from multiple comparison of mean

difference (Bonferroni test) of respiratory variables on position during expiration.

Expiration

Position Pressure | Airflow Airflow Peak
resistance expiratory

flow

Supine — Reclining 30° 0.001 0.001 0.001 0.001

Supine — Lt.side lying 0.001 0.007 0.001 0.001

Supine — Rt.side lying 0.001 0.004 0.001 0.001

Reclining 30° — Lt.side lying 0.001 0.001 0.001 0.001

Reclining 30° — Rt.side lying 0.008 0.001 0.001 0.001

Lt.side lying — Rt.side lying 1.000 1.000 1.000 0.355
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4.2.2.2.1 Comparisons on expiratory airway pressures:

During expiration, there was significant difference of airway pressures
(cmH»0O) among positions (Figure 4.4). Comparing the expiratory pressures between
supine vs. reclining, supine vs. left side lying, supine vs. right side lying, reclining vs.
left side lying and reclining vs. right side lying showed highly significant differences
of pressures (0.001<p<0.05) in all the above comparisons. Airway pressure in supine
position was significantly highest among all other positions (p<0.05) whereas airway
pressure in the reclining posture was lowest (p<0.05) among four positions specified
in this study. No significant difference in airway pressure values was found between

two side-lying positions (p>0.05).
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Figure 4.4 Comparison of mean difference of airway pressures among different
positions during expiration (** statistically significant at p<0.001, * statistically

significant at p<0.05).
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4.2.2.2.2 Comparisons on expiratory airflow rates:

During expiration, there was significant difference of airflows (L.s™)
among positions (Figure 4.5). Comparing the expiratory airflows between supine vs.
reclining, supine vs. left side lying, supine vs. right side lying, reclining vs. left side
lying and reclining vs. right side lying showed highly significant differences airflows
(0.001<p<0.05) in all the above comparisons. However, no significant difference in

airflow values was found between two side-lying positions (p>0.05).
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Figure 4.5 Comparison of mean difference of airflows among different positions
during expiration (** statistically significant at p<0.001, * statistically significant at

p<0.05).
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4.2.2.2.3 Comparisons on expiratory airflow resistances:

During expiration, there was significant difference of airflow resistance
among positions (Figure 4.6). Comparing the expiratory airflow resistances between
supine vs. reclining, supine vs. left side lying, supine vs. right side lying, reclining vs.
left side lying and reclining vs. right side lying showed highly significant differences
of airflow resistances (p<0.001) in all the above comparisons. Airflow resistance in
supine position was significantly highest among all other positions (p<0.05) whereas
airflow resistance in the reclining posture was lowest (p<0.05) among four positions
specified in this study. No significant difference in airflow resistance values was found

between two side-lying positions (p>0.05).
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Figure 4.6 Comparison of mean difference of airflow resistances among different

positions during expiration (** statistically significant at p<0.001).
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4.2.2.2.4 Comparisons on expiratory peak expiratory flows:

There was significant difference of peak expiratory flows (PEF, L/min)
among positions (Figure 4.7). Comparing the peak expiratory flows between supine
vs. reclining, supine vs. left side lying, supine vs. right side lying, reclining vs. left
side lying and reclining vs. right side lying showed highly significant differences of
PEF (p<0.001) in all the above comparisons. However, no significant difference in

PEF values was found between two side-lying positions (p>0.05).
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Figure 4.7 Comparison of mean difference of peak expiratory flows among different

positions during expiration (** statistically significant at p<0.001).
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CHAPTER V

DISCUSSION

5.1 Characteristics of Subjects

Thirty healthy male subjects were voluntarily participated in the present study.
They were screened according to demographic information, medical history and
habitual physical activity level. Habitual physical activity composed of three
components as physical activity at work, sport participation and leisure time. This
questionnaire was derived from reliable published data (79). Additionally, all subjects
underwent body fat assessment and pulmonary function test, in which the results
subjectively ensured healthy status of subjects. It was found that anthropometric data
of subjects such as BMI indicated the non-obese characteristics of subjects in this

study.

5.2 Respiratory Rates, Tidal Volumes and Minute Ventilations

During data collection of the main variables (i.e. airway pressure, flow rate,
airflow resistance and peak expiratory flow), respiratory rates (RR) and tidal volumes
(V1) in supine, reclining, left and right side lying positions were all in the same range.
However, the high RR found in this study might be the result of unfamiliar mouth
breathing. Breathing through the nose exhibits many benefits since each nostril is
innervated by fifth cranial nerves from the opposite side of the brain. Each nostril
functions independently and synergistically in filtering, warming, moisturizing,
dehumidifying and smelling. Breathing through the mouth, in contrast, associated with
hyperventilation. This causes an exacerbates airway narrowing, high blood pressure,
heart disease and many other medical problems (88). Mouth breathing in sleep is

frequently accompanied with snoring and leads also to obstructive sleep apnea.
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Minute ventilation (\}E) obtained from this study was slightly higher than the
literature due to higher respiratory rates and tidal volumes. Resting minute ventilation
in human was about 6 L/min which was the multiplication of the frequency of
breathing (12 breaths/min) and the volume of each breath (0.5 L). This normal
ventilation maintains concentrations of oxygen and carbon dioxide in the alveolar gas
through the process of diffusion and also maintains normal partial pressures of oxygen
and carbon dioxide in the blood flowing from the capillaries (51, 53, 54, 57).
Hyperventilation, refers to overbreathing in which ventilation exceeds the metabolic
requirement, could cause dizziness, numbness, tingling and respiratory alkalosis. On
the contrary, hypoventilation caused by too shallow breathing which produced
hypoxemia, hypercapnia and respiratory acidosis (89). In the present study, no signs
and symptoms of ventilatory deviation were identified from subjects. Thus the
unfamiliar mouth breathing might cause higher ventilation. However, the minute
ventilation in each position tested was not statistically different (Table 4.2).
Comparisons of main variables (i.e. airway pressure, airflow, airflow resistance and

peak expiratory flow) among position could be done conclusively.

5.3 Effect of Position on Airway Pressures

In the present study, it was postulated that changing in position would induce
an alteration in airway pressure. The results showed a significant difference of airway
pressures among positions during inspiration. However, no significant difference was
found between two side-lying positions. The pattern of changes in pressures during
inspiration was similar to that of expiration. Airway pressure in this study decreased
about 20% in reclining and 15% in side lying when compared with the supine position.
Results obtained from this study was similar to a previous study in that the differential
pressure was the highest in supine and side lying airway pressure was greater than

sitting (16).

It was possible that gravity might induce narrowing of the collapsible portion
of airway, which resulted in a more negative pressure during inspiration in supine
following reflex activation of genioglossal tone (90). Mouth breathing would make the

pharyngeal pressure became more negative and some susceptible portion of upper
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airway might be collapsed. This required more upper airway muscle activation to
maintain airway patency (91). As muscle activation during sleep was reduced (2, 12,
13, 26), apneas often occur during sleep when insufficient muscle activation failed to

counteract the high negative pharyngeal pressure during inspiration.

Neil and coworkers in 1997 compared the upper airway closing pressure
(UACP), the minimum pressure generated in the last two breaths before an arousal
occurred in a nasal occlusion test and upper airway opening pressure (UAOP), the
minimal continuous positive airway pressure required to prevent apneas and
hypopneas, in obese patients with severe OSA. Results showed that the upper airway
became less collapsible (reduced UACP) and was more easily opened (reduced
UAOP) when reclining 30° compared with supine. It was also indicated that side lying
did not reduce the upper airway collapsibility but did reduce UAOP, which the part of
airway could be easier to open when compared with supine. Therefore, a change from
supine to side lying increased the stability of upper airway. This also implied that both
reclining 30° and side lying resulted in 50% reduction in nasal continuous positive
airway pressure (NCPAP) (9). It seemed possible that UACP might be related to upper
airway dimension in different body position (15, 45). Comparing between supine and
side lying position, there was significant reduction of P in side lying (pressure
surrounding the tissue), which presumed by a change of the shape of collapsible
segment during sleep (73). Previous studies showed that P in supine was positive

whereas in side lying was negative (9, 69, 70, 73).

It was reported that respiratory effort during inspiration is always greater than
expiratory effort. During spontaneous breathing, inspiratory muscles were activated
during inspiration which induced dropping in intrathoracic pressure. During expiratory
phase, elastic recoil of chest wall and lung tissue were responsible for increasing
intrathoracic pressure (51, 53, 54, 57). The present study did not compare between
inspiratory and expiratory pressures but inspiratory pressure seemed to be higher than
expiratory pressure. Inspiratory and expiratory transmural pressure in tidal breathing is

+7 and +5 cmH;0, respectively in which inspiration is more positive than expiration

(51).
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5.4 Effect of Position on Respiratory Airflows

There was a significant effect of body position on airflow. Side lying caused
high airflow and the highest in reclining which supine offered the lowest airflows.
Neither left nor right side lying induced difference in airflow. Based on the assumption
of postural-induced changes in airway dimension (8, 14, 15, 50), it is assumed that
both side-lying postures cause similar deviations of lung tissues. There was tendency
of supine which offers the lowest airflows. Tendency of the present study was similar
to previous study that airflow was 0.25, 0.21 and 0.23 L/s in sitting, supine and side
lying, respectively (16). Airflow in this study increased about 5% in reclining and 2%

in side lying when compared with supine position.

Improvement of airflow in reclining might be due to an increase in pharyngeal
diameter (92, 93). A previous study had demonstrated that airflow was improved by
changed in upper airway dimension induced by a mechanism called “caudal tracheal
traction”, which presumably lengthened the upper airway (94). Two mechanisms
might explain these changes in airway dimension. First, P.i (pharyngeal critical
closing pressure, an index of airway collapsibility) had been decreased when airway
lengthened. The airway should have been distended if environmental pressure
decreased. P indicated that obese female have less tendency of airway collapse than
male (95). Second, airway lengthening would increase the tension in pharyngeal
mucosa which resulted in resistant of extra-airway collapsing pressure from
surrounding tissues (94, 96). Additionally, the changes in position related to changes

an extrinsic compression to the airway in normal adults (97).

The present study demonstrated that there are fluctuations of pressure and
resistance which caused by position. However, airflows in both inspiration and
expiration change in the relatively narrow ranges. A previous study found no effect of
changing body position from upright to supine on inspiratory airflow either oral or
nasal breathing route (98). However, there was a small decrease in expiratory airflow
in supine position in which the authors proposed the possibility of an expiratory
airflow resistance was increased (98). Partial expiratory flow limitation, occurred in

supine position in obese subjects, was associated with orthopnea. Expiratory flow
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limitation could induce dynamic hyperinflation, resulted in an increase in the
subsequent inspiratory work of breathing (99). However, a collapse of the upper

airway during expiration was rare in non OSA patients (100).

5.5 Effect of Position on Airflow Resistances

Airflow resistance during spontaneous breathing cycle in this study was the
result of reverse transmural pressure on the non-cartilaginous collapsible structure of
upper airway. It is known that about 50-80% of airflow resistance was taken place in
the upper respiratory system. Small airways, collapsible part in the lung, accounted for

another 20-50% (51, 53, 54, 57).

Most studies determined nasal resistance, very few had been attempted to
investigate the oral resistance (16). The present study used a transient airflow
interruption technique to measure oral airflow resistance. It was difficult to compare
airflow resistance values in this study with previous investigations due to the
differences in methods and modalities of measurement. Many direct and indirect
measurements include spirometry, pneumotachography, body plethysmography,
forced osscillation technique, airflow interruption technique and esophageal balloon

catheter technique (101, 102).

Previous investigations correspondingly indicated that oral airway resistance
during wakefulness in supine was greater than upright position in OSA (103) and
normal subjects (104). The present study, as well as the previous study (16), confirmed
that upper airway resistance was higher in supine than sitting. Effect of position had
influenced on airflow resistance which was determined that reclining position showed
the lowest whereas supine position had the highest resistance. These studies and the
present study showed a similar airway resistance between two side-lying positions.
Higher impedance of airflow during normal inspiration was found in both oral and
nasal pathways (22). Value obtained from the present study was higher than that
obtained from the previous study (16), which might be due to method of resistance

calculation. In this study, the resistance was the ratio of pressure and flow. Changing
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in pressure signal was more obviously observed than flow resulted in the resistance

was changed following tendency of changes in pressure.

Airflow resistance in this study decreased about 25% in reclining and 15% in
side lying when compared with supine position. Therefore, postural effect played a
dominant role on the respiratory patency (105). In the supine position, gravity
increased airway resistance and reduced upper airway size for the reason that upper
airway structure (include the tongue, soft palate, uvula and epiglottis) moved toward
the posterior pharyngeal wall (8, 44, 50, 64). Additionally, the cross-sectional area of
tongue, uvular width and soft palate thickness became greater by the effect of gravity,
which resulted in a reduction in upper airway diameter (8). It was also indicated that in
supine position, posterior airway space depended mainly on the hyoid bone position
(20). Sitting position appeared to increase upper airway size (14, 15, 44, 50, 106) due
to changing in gravitational vector (64) possibly via caudal traction of upper airway
(94) but side lying position did not (14, 15, 45). These inferred that supine position
might be one of primary causes of upper airway resistance syndrome (43). Side lying
position, on the other hand, showed less evident on the reduction of posterior deviation
of the tongue (10). Controversially, Meysman and Vincken in 1998 demonstrated that
there was no detectable evident of upper airway dimension in recumbent postures
(supine, left and right side lying) in young non-obese subjects (107). The importance
of upper airway length was the major mechanical factor for upper airway patency (8,
96). The mechanisms that could explain an improvement of upper airway patency
were a stretching of trachea and upper airway structures resulted in the reduction of its
compliance and made it more resistant to prevent the collapsing by negative pressure
during inspiration. In addition, caudal displacement of fat and other structures
surrounding the pharynx reduced extrinsic compression thus improved the upper
airway patency in sitting position (94, 96). However, Series and coworkers in 1990
suggested that caudal traction of upper airway could only be applied to laryngeal and
oropharyngeal structures but not to the nasopharynx due to its flabby non-cartilaginous

structure which could not impede the high extrathoracic pressure on nasal flare (108).
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Additionally, effect of gravity in sitting position offered higher FRC due to
changing shape and length of diaphragm (106). These change resulted in less muscle
force and also less negative airway pressure (109). Like other skeletal muscles,
changing in position might exert some effects on the respiratory muscle function,
which were described as changing in the optimal length of muscle contraction and
mechanical efficiency. The rib cage was expanded passively by action of the
diaphragm during quiet breathing in sitting position. However in supine position,
changing in shape of diaphragm, the compliance of abdominal wall and rib cage and
the mechanical interaction between diaphragm and rib cage was less efficient,
resulting in less expansion of rib cage (110). It was indicated that change in position
affected lung volumes (44) and pharyngeal size in normal subjects (111) by increased
airway resistance both in an experimental animals (94) and human (111-113). This

mechanism might be related to the pathophysiology of sleep apnea onset (108).

A change in oral airway shape might be related to head and neck position
during mouth breathing thus the head position also should be considered. Therefore,
the prevention of upper airway obstruction produced by neck extension or forward
displacement of the mandible or closures the mouth (92). However, in this study head

and neck position were hold in neutral position.

Previous studies showed the narrowing of the upper airway in normal, snorer
and OSA patients (77, 114). Occurrence of airway resistance in sleep apnea syndrome
could occur not only during inspiration but also during expiration (20, 77, 115). It was
demonstrated that there trended to be higher in inspiratory than expiratory resistance
which was similar to previous studies (8, 61, 116). These promoted the dynamic
hyperinflation, which resulted in an increase work of breathing and occurrence of
hypercapnia or hypoxia during sleep (115). Contrary to the study of Hyatt and Wilcox
that found mean upper airway resistance during expiration (1.16 cmH,O/L.s™") was
higher than during inspiration (1.06 ecmH,O/L.s™) (112) which differed from other
reports. However, an increase in upper airway expiratory resistance in OSA patients
did not explained by the Starling resistor theory (77) and might induce transient

interruptions and/or a prolongation of expiration (114).



Soontaree Chayawatcharakul Discussion / 60

It was possible that an increase in airway resistance from wakefulness to deep
sleep might be due to the loss of muscle tone (117). Oral airflow resistance occurred
during sleep even in normal subjects (118) and might be increased in sleep breathing
disorders patients (119) and led to an increase work of breathing during sleep (21,
120). The present study indicated that increased airflow resistance contributed to the
occurrence of OSA and implied that controlling airway patency was essential for the
treatment of OSA patients. These results suggested that sleep in reclining or side lying

was suitable for sleep therapy.

5.6 Effect of Position on Peak Expiratory Flows

The present study showed that peak expiratory flow (PEF) in normal subjects
was significantly influenced by body position. Supine position had the lowest whereas
reclining position had the highest flow, with similar values found between two side-
lying positions. PEF increased about 11% in reclining and 5% in side lying when

compared with supine position.

Previous investigations showed that standing caused higher PEF than all other
positions (121) and lower in recumbent postures (supine, left and right side lying) than
sitting (107). PEF were 10.02, 9.32, 9.19 and 8.98 L/s in sitting, supine, left and right
side lying, respectively (107). The mechanism that could explain the reduction in
maximal expiratory flow rate and lung volume were due to increasing in resistance of

upper airway in these postures (14).

A previous report found a small change in total lung capacity due to
compensation of human body between supine and side lying. The abdominal contents
moved forward and placed which positive affects function and length of abdominal

muscles when compared side lying with supine (122).

5.7 Limitation of the Study
First limitation of the present study is due to the incapability to explore nasal
and oral cavities of subjects. It is assumed that all subjects had similar anatomic

contour and dimension of upper airways.
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Second limitation of the methods used in this study should be considered as a
non-invasive method for measuring airway resistance which combined upper airway
resistance and total airway resistance. It requires an invasive study design, insertion of
esophageal balloon, in order to differentiate lower airway resistance from total airway
resistance. These differences in experimental design make it difficult to compare with
previously performed using invasive studies. However, this non-invasive study on
airway resistance is very practical. The present study, the effect of sleep positions on
airflow resistance were examined in young and slim subjects without OSA during
wakefulness and remains a possibility that the same effect was seen in the other age
and obese patients with OSA during sleep. These combinations of subjects and

technical differences among the study may explain the differences in the results.

5.8 Clinical Implications and Further Study

This study provided the information about airflow resistances on different
sleep positions during awake condition. In addition, this study provided preliminary
data of airflow resistances in healthy young males. The importance of studying
positional changes in airflow resistance at least in normal subjects was related to better
understanding of pathophysiology of OSA. The beneficial information for positional
therapy could be as simple intervention in hospital or at home. A role of physical
therapy is a recommendation the sleep position for snorer in order to decrease snoring

and in treatment mild OSA patients to prevent apnea/hypopnea during sleep.

For further study, improving method for measuring airflow resistance in order
to obtain more accurate airflow resistances is need. Comparative study between
standard method by whole body plethymograph and pneumotachometer should be
done. It is also interesting to study in other disease-related airway obstruction such as
chronic obstructive pulmonary disease (COPD) combined with upper airway

obstruction.
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CHAPTER VI

CONCLUSION

The present finding is unique in that it is an initial non-invasively measurement

of two physical variables: upper airway pressure and flow, which are affected by

position during wakefulness condition. It can be indicated from the present study that

positions affected on airway pressure, airflow, airflow resistance and peak expiratory

flow in both inspiration and expiration as follows.

1%

Airway pressures during inspiratory and expiratory phases showed the
highest values in supine, followed by in side lying and the lowest in
reclining. No difference of airway pressure between left and right side
lying.

Airflows during inspiratory and expiratory phases showed the highest
values in reclining, followed by in side lying and the lowest in supine. No

difference of airflow between left and right side lying.

. Airflow resistances during inspiratory and expiratory phases showed the

highest values in supine, followed by in side lying and the lowest in
reclining. No difference of airflow resistance between left and right side
lying.

Peak expiratory flows showed the highest values in reclining, followed by
in side lying and the lowest in supine. No difference of peak expiratory

flow between left and right side lying.

The airway patency was observed the highest in reclining and side lying tended

to higher than supine position. Therefore, this simple intervention might be useful in

treatment of sleep disorders. It could be recommended as alternative treatment

modalities.
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APPENDIX C.1

SCREENING QUESTIONNAIRE

(UVARUMNINDNMIAANTDI)

SUN e PO, K
X0 . NN Noginuavn............ Mo MUYV
) [ o
BUR/BUNB e L Lo L W (DT INTFENI oo,
A v pas ey /)
AUl 1 JoyanaINUAL UKLV
1. me [ wdls O e GRCT 1l OVBW. oo
E
2. LY VL OO AR5 v S ., ... HUAINAT
=1 a = A =S 1
3. MIANY O JSayanasuieiteum

O gqeniszduilSyaeg

O3 A TUSATIU e

d' Y d‘ %
ABUN 2 VIYANYINUTUNN

2
1. mudiTsadseddanaziloymguamlansde Tail

- Tsatlszden O "uidl O 8150521
- Hlsaneszuwinlauazvaeaion O i O 50388
- Ulsamaszuuringly O i O 50388
- lsgiamsidamaduiglanouuu O i O 50388
- UsziamsidausnanI19en O i O 50388
- pgldsunatuusnunIgen O Tiwme O welUsaseay ...
- hlsyiaveunsu O L O Glsesey
- Auueanesednioly 24 wu. O Bian O AulUsasey ...
- qus O Yime O we..wwiuiluna. 3
Aung O Popiudegueg O d@nquumds ... 7

- Paarfunudessulszmueiiiuilszdmse i
O hisudsenuen O 50U5emuen TUTATYY e

2. IS AT U0 U e



Soontaree Chayawatcharakul Appendix / 82

APPENDIX C.2
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SLAUNINITIN:

Sedentary lifestyle subject = scores below 6

Active lifestyle subject = scores 6-8
Athletic subject = scores above 8
Reference:

Baecke JAH, Bureme J, Frijters JER. A short questionnaire for the
measurement of habitual physical activity in epidemiological studies. Am J Clin Nutr
1982;36:936-42.

Zoll J, Sanchez H, Guessan B, Ribera F, Lampret E, Bigard X, et al. Physical
activity changes the regulation of mitochondrial respiration in human skeletal muscle.

J Physiol 2002;543:191-200.
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APPENDIX C.3

Data Recording Form

1. Waist to hip ratio

Waist circumference = ......... inches Hip circumference = ......... inches

2. Skinfold thickness:
Skinfold (mm) Trial 1 Trial 2 Average

Triceps

Biceps

Subscapular

Suprailiac

Total (X4)

3. Calculation of body density (Dy) and percent body fat (%BF)
Calculation of body density (Dy) = 1.1631-0.0632 log (X4)
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4. Pulmonary function test

Variable Trial 1 | Trial 2 | Trial 3 Best Predicted | %Predicted

FVC (L)

FEV, (L)

FEV,/FVC (%)

PEF (L/s)
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Data Recording Form Of Airway Responses

NI ..t Age....oooiin. yIS.
Respiratory rate atrest : ................. breaths/min
Position | No. of | Pressure (cmH,O) Flow (L.s™) Rin¢ (cmH,O/L.s™)
breath Insp. Exp. Insp. Exp. Insp. Exp.
1
a
Supine 3
4
5
1
/4
Reclining 3
30° H
5 T
Mear [
1
2
Lt.side 3
lying 4
5
Mean
1
2
Rt.side 3
lying 4
5
Mean

Peak Expiratory Flow (L/min)

Position

Trial 1

Trial 2

Trial 3 Best

Supine

Reclining 30°

Lt.side lying

Rt.side lying
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APPENDIX D

REFERENCE SPIROMETRIC VALUES FOR HEALTHY
LIFETIME NONSMOKERS IN THAILAND

Equations r’ SEE

FVC(L):

Male: - 2.601+40.122A+0.00046A*+0.00023H>-0.0006 1AH  0.669 0.434
FEV,(L):

Male: -7.697+0.123A+0.067H-0.00034A%-0.0007AH 0.70 0.371
FEV//FVC(%):

Male: 19.362+0.49A+0.829H-0.0023H>-0.0041AH 0.24 5.364
PEFR (L/s):

Male: -16.859+0.307A+0.141H-0.0018A%-0.001 AH 0.443 1.543

A = age (years), H = height (cms)

Dejsomritrutai W, Nana A, Maranetra KN, Chuaychoo B, Maneechotesuwan
K, Wongsurakiat P, et al. Reference spirometric values for healthy lifetime

nonsmokers in Thailand. J Med Assoc Thai 2000;83:457-66.
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APPENDIX E

TEST-RETEST RELIABILITY OF AIRWAY PRESSURES,
AIRFLOWS AND AIRFLOW RESISTANCES

The measurment of airway pressures, airflows and airflow resistances for test-
retest reliability in seven healthy subjects. They were tested by the same procedure as
described in the method. Subjects performed two trials of randomized positions for
the reliability test. Intraclass correlation coefficient ICC 1) was used to determine the
intratester reliability of the measurment. The ICCg3 ;) and raw data are shown in Table
E.1. Good intratester reliability of airway pressure, airflow and airflow resistance

values were illustrated.
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APPENDIX F

STANDARDIZATION OF PNEUMOTACHOMETER

In this study, two pressure transducers mounted within the pneumotachometer
were used to measure airflows and pressures in the unit of L.s' and cmH,O,
respectively. However, the quantitative values from pneumotachometer presented in
the unit of millivolt (mV). Therefore, this instrument needed to be standardised to
determine the value in the unit of L.s” for airflows and cmH,O for pressures,

respectively.

The methods for standardization the value of airflow were as follows.
1. Connect the pneumotachometer to a Spirometer (Pony FX pulmonary

function equipment, Cosmed, INC., Italy) as shown in Figure F.1.

Pneumotachometer

Non-resistant | | connecting line

Spirometer

Mouthpiece

Figure F.1 Diagram demonstrated connection of signal between pneumotachometer to

a spirometer and mouthpiece for flow calibration.

2. Test the value of airflow from expiratory flow (EF). Starting with
inspiration via nostrils, subject was asked to expel air forcefully to the
mouthpiece.

3. Record the value of flow from pneumotachometer (mV) and spirometer
(L/s).

4. Then repeat the same procedure at different expiration force.
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5. Construct a graph to represent relationship between values of flow from

pneumotachometer (mV on y-axis) and EF (L/s on x-axis) as shown in

Figure F.2.
mV
600
500 /
400 y =22.711x* - 3.5301x /

R? =0.9983

L/s

Figure F.2 Relationship between the value of expiratory airflow from spirometer and

voltage changes obtained from pneumotachometer.

Figure F.2 showed a non-linear relationship. Therefore, the calculation airflows

from mV to L/s was determined using an equation as follow:

If ax’ +bx+c¢=0 or ax’ + bx = -c
Then x =[(-b+\ b*—4ac)]/2a

Anequation y (mV)=22.711x>—3.5301x was derived from curve-fitting software

Thus 22.711x* - 3.5301x—y = 0

x = [-(-3.5301) + V (-3.5301)% — (4*22.71 1*(-y)] / 2*22.711

x = [(3.5301) + V (-3.5301) + (90.844y)] / 2%22.711

x = [(3.5301) + \ (12.462+90.844y)] / 45.422

Use only +value, not -value since a graph shows all positive values,

Thus x = [(3.5301) + V (12.462+90.844y)] / 45.422 Ls'
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The methods for standardization the value of pressure were as follows.
1. Connect the pneumotachometer to a Mouth pressure meter (Micro

Medical) microcomputer unit using three-way tube as shown in Figure F.3.

Connecting tube
Pneumotachometer | | Mouth pressure meter

3 L Calibrated syringe

Figure F.3 Diagram demonstrated connection of signal between pneumotachometer to

a mouth pressure meter and 3 L Calibrated syringe for pressure calibration.

2. Test the value of pressure from Sniff Nasal Inspiratory Pressure (SNIP) by
pumping the calibrated syringe.

3. Record the value of pressure from pneumotachometer (mV) and mouth
pressure meter (cmH;0).

4. Then repeat the same procedure at different pump force.

5. Construct a graph to represent relationship between value of pressure from
pneumotachometer (mV on y-axis) and mouth pressure meter (cmH,O on

x-axis) as shown in Figure F.4.
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mV
500
=7.2002
400 y2 7.2002x
R”=0.9953
(Y
300
200 / *
100
0 1 1 1 1 1 1 cmHZO
0 10 20 30 40 50 60 70

Figure F.4 Relationship between the value of pressure from mouth pressure meter and

voltage changes obtained from pneumotachometer.

Figure F.4 showed a linear relationship in the estimation of sensitivity of

pressure. Results from calculation provided the sensitivity of 7.2002 mV/cmH,O.
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Table F.1 Raw data of airflow and pressure calibration.

Airflow calibration Pressure calibration
mV L/s mV cmH,0
0.000 0.00 0.000 0
9.766 0.60 386.914 49

14.649 0.80 444.336 63
4.583 0.32 292.969 41
24.414 1.05 424.805 59
14.649 0.74 283.203 38
4.883 0.28 346.680 47
19.531 0.91 185.547 X/
53.711 1.73 205.078 26
4.883 0.36 214.844 33
34.180 1.34 361.328 49
63.477 1.74 410.156 S5
107.422 2.34 63.477 9
122.070 2.48 73.242 10
34.180 1.23 39.062 5
14.649 0.94 87.891 12
39.063 1.25
9.766 0.61
4.883 0.41
83.008 2.07
4.883 0.39
4.883 0.42
24.414 1.05
39.063 1.38
4.883 0.43
4.883 0.28
73.250 1.94
68.360 1.91

297.852 3.69

209.961 3.41

454.102 4.66

444336 4.50

551.758 4.95
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The major aim of this pilot study was to examine the effect of position on

airflow resistances during wakefulness condition. Seven healthy Thai male subjects

participated in this pilot study. The subjects’characteristics and baseline assessment

were presented in Table G.1.

Table G.1 Characteristics and baseline assessment of the subjects

Subject’s characteristics Mean + SD
Age (years) 21.00+1.73
Weight (kg) 59.57+17.14
Height (cm) 171.57 £ 4.31
BMI (kg.m™) 20.18 +1.58
Physical activity scores* 7.20£0.41
Baseline assessment
W/H ratio 0.83 £0.02

%BF 12.75 £ 3.55
FVC (L, BTPS) 3.85+0.30
FEV, (L, BTPS) 3.53+£0.28
FEV/FVC (%) 91.43 +2.64
PEF (Ls™) 8.33 +1.32

BTPS = body temperature and pressure saturated with water vapor

* derived from physical activity questionnare (Appendix C.2)

Comparison of the means and standard deviations of airway pressures, airflows

and airflow resistances between different positions for all subjects were showed in

Table G.2-G 4.
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Table G.2 Means and standard deviations of absolute airway pressures (cmH,O)

between different positions (n = 7).

Phase of Supine Reclining 30° Lt.side lying | Rt.side lying
breathing |™"\jean + SD Mean £ SD Mean £ SD Mean = SD
Inspiration 5.36+0.61 4.60 £ 0.43 4.93 £0.66 5.07 £ 0.60
Expiration 3.69 = 0.46 3.02 +£0.46 3.20+0.26 2.95+0.39

Table G.3 Means and standard deviations of absolute airflows (L.s™') between

different positions (n = 7).

Phase of Supine Reclining 30° Lt.side lying | Rt.side lying
breathing Mean + SD Mean + SD Mean + SD Mean + SD
Inspiration 0.52+0.02 0.58 +0.04 0.55+0.04 0.53 +0.02
Expiration 0.51+£0.03 0.53 +£0.05 0.53 £0.01 0.52+0.03

Table G.4 Means and standard deviations of absolute airflow resistance (cmH,0 /Ls™)

between different positions (n = 7).

Phase of Supine Reclining 30° Lt.side lying | Rt.side lying
breathing Mean + SD Mean + SD Mean + SD Mean + SD
Inspiration | 10.33 +£1.03 8.03 £0.66 9.02 +0.96 9.60+1.11
Expiration 7.24+0.73 5.67+0.66 6.10 +0.49 5.72+0.63
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APPENDIX H

CALCULATION OF THE SAMPLE SIZE

The sample size for this study was calculated by the following equation

2

(Z,+Z,)0
n = 2
Ho — Hy
n = number of subject
Z., = Z-value when set the confident level equal to 95% or significant

level equal to 0.05 (a=0.05)=1.96

Zy = Z-value when set the power of testing equal to 80% ( = 0.2) = 0.84

c = estimated standard deviation

Ho-p, = the difference of means of parameter between positions in the pilot
study

From the sample size calculation, the airflow resistance is of concern for this
study. Below is an example of sample size calculation using airflow resistance

between reclining 30° and left side lying during expiration.

2

(Z, +Z,)o

DR

®

0o — Hi

= | (1.96+0.84)0.67 | *
5.67-6.10

19.03
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APPENDIX I

RAW DATA OF THE STUDY

Copyright by Mahidol University
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Table 1.3 Airway pressures (cmH,0)

o Supine Reclining 30° Lt.side lying Rt.side lying
Insp. Exp. Insp. Exp. Insp. Exp. Insp. Exp.

1 3.596 3.235 3.489 3.132 3.491 3.694 3.576 3421

2 4.516 3.283 3.864 2.486 3.843 2.456 4.039 3.192

3 4.051 3.420 3.437 2.680 3.351 2.737 3.132 2.813

4 3.319 2.641 3.158 2.328 3.254 2.539 3.418 2.474

5 5.527 3.408 3.376 2.554 3.720 2.815 3.307 2.845

6 4.662 4.006 3.478 2.662 3.639 2.886 3.673 3.000

7 5.017 3.424 3.407 2.556 3.639 2.877 3.975 2.944

8 4.619 3.508 3.309 2.908 3.534 3.020 3.641 2.979

9 5.846 3.260 4.058 2.368 5.754 3.409 5.787 2.637

10 | 4913 3.594 4.255 3.347 4.735 3.291 4.852 3.129
11 6.148 4.289 4.300 2.494 5.107 2.930 5.655 3.503
12 | 4.407 3.080 4.592 3.607 3.779 3.007 4.091 2.836
13 5.795 4.217 5.288 3.206 5.514 3.618 5.118 2.324
14 | 5.288 3.852 4.805 3.249 5.072 3.207 5.343 3.198
15 5.144 3.510 4.899 2.872 4.545 2.919 4.629 3.007

16 | 4.810 3.455 3.379 3.025 3.660 3.238 3.702 3.281

17 5.760 4.523 4.388 3.628 4.973 3.989 4.690 3.839

18 | 4.786 3.705 3.521 2.979 4.117 3.243 4.031 3.114

19 5.638 4.520 4.202 3.164 4.774 3.588 4.894 3.778

20 | 5.734 4.227 3.395 2.810 4.632 3.236 4.589 3.237
21 4.988 3.700 3.808 2.931 3.979 3.400 3.983 3.331
22 | 4874 3.863 3.797 3.050 4.059 3.428 4.002 3.418
23 5.432 3.495 4.277 3.035 4.831 3.240 4.721 3.153
24 | 5.096 3.593 4.010 2.956 4.379 3.224 4.240 3.364
25 | 4.664 3.675 3.943 3.037 4.212 3.295 4.319 3.322
26 | 6.135 4.577 4.074 3.284 5.340 3.701 5.373 4.021
27 | 6.036 4.679 4.454 3.275 5.148 4.182 5.187 4.171
28 5.355 4.548 4.177 3.089 4.519 3.715 4.520 3.767
29 | 3.980 3.461 3.405 2.862 3.645 3.044 3.642 3.029
30 | 5.516 4.485 4.124 3.334 4.421 3.553 4.393 3.589
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Table 1.4 Airflows (L.s'l)
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o Supine Reclining 30° Lt.side lying Rt.side lying
Insp. Exp. Insp. Exp. Insp. Exp. Insp. Exp.

1 0.459 0.499 0.537 0.549 0.540 0.541 0.522 0.541

2 0.531 0.533 0.563 0.560 0.521 0.516 0.526 0.521

3 0.525 0.517 0.536 0.539 0.527 0.520 0.522 0.528

4 0.489 0.472 0.529 0.523 0.513 0.504 0.526 0.496

5 0.507 0.493 0.528 0.520 0.527 0.518 0.518 0.512

6 0.516 0.502 0.539 0.520 0.513 0.513 0.520 0.503

7 0.507 0.512 0.526 0.523 0.507 0.517 0.507 0.515

8 0.517 0.514 0.534 0.535 0.524 0.514 0.526 0.521

9 0.520 0.517 0.576 0.527 0.554 0.518 0.532 0.518

10 | 0.506 0.490 0.535 0.539 0.533 0.520 0.533 0.519
11 0.544 0.520 0.523 0.528 0.545 0.521 0.517 0.522
12 | 0.505 0.465 0.557 0.540 0.507 0.535 0.530 0.535
13 0.517 0.509 0.584 0.546 0.594 0.534 0.538 0.527
14 | 0.545 0.513 0.572 0.545 0.567 0.540 0.562 0.538
15 0.515 0.508 0.577 0.555 0.510 0.518 0.505 0.515

16 | 0.515 0.499 0.529 0.526 0.519 0.520 0.518 0.516

17 | 0.515 0.526 0.533 0.530 0.526 0.524 0.521 0.526

18 0.517 0.520 0.529 0.528 0.517 0.522 0.523 0.520

19 | 0.515 0.514 0.520 0.518 0.517 0.516 0.516 0.514

20 | 0.517 0.516 0.519 0.526 0.517 0.518 0.517 0.521
21 0.519 0.522 0.533 0.544 0.521 0.526 0.528 0.529
22 | 0.503 0.504 0.528 0.530 0.511 0.514 0.512 0.520
23 0.508 0.503 0.527 0.517 0.519 0.512 0.518 0.520
24 | 0.507 0.505 0.528 0.527 0.513 0.509 0.513 0.513
25 0.514 0.512 0.521 0.518 0.513 0.515 0.515 0.512
26 | 0.512 0.511 0.515 0.512 0.514 0.512 0.513 0.511
27 | 0.514 0.516 0.517 0.521 0.516 0.518 0.517 0.517
28 0.511 0.513 0.520 0.518 0.516 0.515 0.516 0.516
29 | 0.508 0.511 0.521 0.524 0.508 0.513 0.513 0.514
30 | 0.503 0.503 0.515 0.511 0.509 0.507 0.509 0.508
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Table L5 Airflow resistances (cmH,O/L.s™)

o Supine Reclining 30° Lt.side lying Rt.side lying
Insp. Exp. Insp. Exp. Insp. Exp. Insp. Exp.
1 7.965 6.517 6.505 5.713 6.472 6.327 6.879 6.352
2 8.536 6.175 6.874 4.434 7.405 4.776 7.677 6.124

3 7.761 6.649 6.406 4.969 6.392 5.294 6.028 5.315

4 6.799 5.000 5.984 4.453 6.343 5.045 6.506 4.981
5 10.934 6.918 6.416 4.912 7.065 5.447 6.387 5.554
6 9.057 7.994 6.453 5.127 7.160 5.637 7.067 5.968
7 9.942 6.698 6.482 4.895 7.177 5.562 7.846 5.718
8 8.946 6.826 6.196 5.433 6.753 5.884 6.927 5.718
9 11.452 6.138 7.109 SN25S 10.560 6.621 10.954 5.679

10 | 9.805 7.366 7.978 6.608 8.924 6.323 9.108 5.871
11 {|| §11=839, 7.792 8.252 4.723 9.388 5.636 10.945 6.736
12 8.719 6.634 7.411 5.798 7.435 5.631 7.771 5.320

13 | 11.235 8.276 9.075 5.872 9.446 6.805 9.580 4.683
14 | 9.739 7.543 7.885 6.276 8.489 6.048 9.680 5.978
15 | 10.038 6.928 8.512 5.190 8.925 5.638 9.153 5.806
16 | 9.338 6.927 6.412 5.750 7.067 6.227 7.148 6.362
17 | 11.185 8.799 8.264 6.851 9.448 7.615 9.003 7.304
18 9.273 7.129 6.657 5.643 7.962 6.214 7.717 5.989
19 | 10.951 8.788 8.081 6.110 9.237 6.965 9.482 7.355
20 | 11.112 8.197 6.539 5.351 8.959 6.251 8.886 6.216
21 9.615 7.095 7.142 5.388 7.637 6.471 7.548 6.302
22 | 9.691 7.665 7.194 5.752 7.943 6.6602 7.826 6.574
23 | 10.702 6.950 8.095 5.865 9.306 6.334 9.120 6.071
24 | 10.050 7.112 7.589 5.611 8.535 6.342 8.264 6.563
25 9.084 7.174 7.575 5.874 8.214 6.400 8.392 6.490
26 | 12.006 8.965 7.911 6.434 10.391 7.233 10.496 7.877
27 | 11.751 9.077 8.617 6.286 9.982 8.089 10.031 8.065
28 | 10.499 8.860 8.033 5.963 8.752 7.226 8.761 7.297
29 | 7.844 6.780 6.533 5.466 7.179 5.930 7.099 5.887
30 | 10.963 8.929 8.012 6.534 8.677 7.024 8.638 7.074
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Table 1.6 Peak expiratory flows (L/min)

No. Supine Reclining 30° | Lt.side lying | Rt.side lying
1 360 410 400 400
2 430 440 400 400
3 380 430 400 400
4 430 470 460 450
5 530 560 550 550
6 510 540 510 510
7 400 470 460 450
8 470 490 480 480
9 380 430 420 400
10 520 610 600 540
11 370 410 400 370
12 360 420 370 380
13 450 480 480 470
14 370 450 450 420
15 440 500 480 450
16 400 450 430 420
17 540 550 540 540
18 400 460 420 410
19 450 510 470 460

20 340 390 350 360
21 420 470 440 450
22 350 410 370 400
23 480 520 490 500
24 480 520 500 500
25 500 540 520 500
26 480 510 500 490
27 360 400 390 390
28 400 450 430 430
29 390 430 400 410
30 500 560 550 550
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