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Abstract

Introduction: Sleeping is generally considered a period for rest
and recovery, however some people wake with spinal symptoms
not present on going to sleep and seek treatment. It has been
clinically postulated that some sleeping postures, especially those
involving sustained end range rotation or extension, can provoke
pain sensitive spinal tissues. While sleep research generally has
blossomed, little attention has been paid to the physical effects
of nocturnal posture on waking spinal symptoms. Furthermore,
sleep research is generally conducted in high technology sleep
laboratories that are expensive to operate and usually only
accessible in metropolitan centers limiting availability to a broader
population. We aimed to develop a recording protocol that was low
cost, unobtrusive and portable, enabling sleep posture assessment
to occur in a person’s habitual environment.

Method: Fifteen participants were recruited by word of mouth.
Participants completed a Pre-Sleep Questionnaire. Two infrared
cameras (placed overhead and foot end of bed) plus associated
recording equipment were installed in their habitual sleeping
area. One camera recorded continuously, the other camera was
activated by motion detection. Recordings occurred over two
consecutive nights, commencing automatically at 2000hrs and
stopping at 0800hrs. Four sleeping postures were defined; supine,
prone, supported sidelying, where the spine is neutral and %
sidelying, where the spine is rotated and extended. Recordings
were viewed, posture classified and the time spent in each posture
calculated. Time spent in each posture for night one and night two
was analyzed to determine the presence of a first night effect.

Results: The protocol was effective in capturing good quality
video data. Utilising motion detection reduced analysis time by
50%. The classification system had high intra-rater reliability for
all four postures (ICC > 0.91). No first night effect was detected.
Participants’ self-report was accurate for the proportion of the night
spent in supine (ICC=0.7 95% CI 0.32 to 0.89) but not for the other
three postures (ICC < 0.32 p < 0.17). However when combining the
two sidelying postures, self-report was accurate (ICC=0.57; 95%ClI
0.10 to 0.83; p=0.01). There were no significant relationships found
between the four postures and morning spinal symptoms.
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Conclusion: The protocol tested provided a low cost, reliable,
unobtrusive and portable method to assess sleep posture in the
habitual environment that should be suitable for clinical and
research purposes.
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Introduction

Sleeping is generally considered a period for rest and recovery
[1,2] however some people wake with spinal symptoms not present
on going to sleep [3-6]. Yet in the past 80 years, research examining
sleep has focused on the electrophysiological nature of sleep, with
little emphasis placed on the physical effects of posture on sleep
quality [7].

A review of the recent sleep literature, with an emphasis on sleep
posture reveals the majority of research is laboratory-based and
primarily focused on sleep pathologies (insomnia, obstructive sleep
apnea, sudden infant death syndrome) [8-11], ulcer prevention [12]
and design of sleep systems (base, mattress, pillow) [13-16]. Assessment
techniques using technology to measure posture include pressure
mattress indentation [12,13,17,18] , actigraphy [11] static charged
beds [19], thermal imaging [20], camera and videography [21-23].
These methods all have limitations. In regards to pressure mattress
indentation technology, thermal imaging and static charged beds, the
limitation relates to availability and cost. Actigraphy is commonly
used in sleep research because it is relatively inexpensive, convenient
and portable [11]. While useful for measuring movement, it does not
measure posture. Videography has been used, but traditionally as
an axillary channel, capturing images only in one dimension during
polysomnography (PSG) and while posture is noted, intermediate
postures (described later and illustrated in Appendix 1) were not
detailed. Concerns have been reported in regards to privacy, quality
of image and data storage. With a combination of low ambient light
and low camera resolution the resultant image quality is typically
described as poor [24]. Non-technological research designs have
used self-report questionnaires to measure sleep posture [4,25,26].
Some have used validated methods [25] while others have not [4,26].
The validated study found self-report to be accurate for the primary
sleep postures of supine, sidelying and prone, but did not report any
reliability data [25]. For postures described as intermediate postures,
self-report has not been examined [27].

While daytime posture has been extensively examined as a
contributor to spinal symptoms, little research has examined sleep
posture as a possible contributor to night or early morning spinal
symptoms. Spinal tissue irritation associated with sleep postures
could occur through compression, shear or torsion loads. When a
constant load is applied to collagenous tissues like cartilage, ligament
and capsule, movement beyond the normal range is called ‘creep’.
After creep has occurred and load is subsequently removed, collagen
doesn’t immediately return to the original position, reflecting a
breaking of collagen bonds, displacement of water and proteoglycans.
The period of time taken to return to normal is influenced by age
(increased with increasing age), load quantity and duration [28], and
previous trauma. Compression forces concentrate in the inferior
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margin of the lumbar zygoapophyseal joint (ZPJ) and increase
with lordosis (extension) [29]. Spinal postures like prone and %
sidelying, demonstrate increased lordosis. Intermediate postures are
potentially important as they involve components of spinal rotation
and extension, likely to provoke pain sensitive structures [4,6,30,31].
Diagnostic blocks have confirmed ZPJs are a potent source of back
pain affecting 40% of elderly, 10-15% of young injured workers
and 40% of people with chronic low back pain [32,33]. Muscle fiber
orientation in the lumbar spine makes the erector spinae capable of
resisting shear loads [34] but this is unlikely while asleep and poor
orientation of intervertebral ligaments and disc collagen fibers,
means their support role is minimal. Shear load is largely attenuated
via the neural arch and being bony, unlikely to deform over short
periods of time [35]. Torsion loads in weight bearing are largely
resisted by the ZP] and in non-weight bearing mostly by the annulus
fibrosis [36] implicating involvement of this tissue when sleeping in
postures with increased torsion. It has been noted that probing the
posterior annulus fibrosis in clients undergoing laminectomy with a
local anesthetic and stretching evokes back pain [33,37].

A factor that may influence spinal symptoms more generally is
duration of posture. It is reasonable to assume that a person sleeping
in an uncomfortable position would be more frequently inclined
to change their sleep posture. For this reason some researchers use
the number of body shifts per night and long posture periods of
immobility (LPPI), 30 minutes or longer as measures of posture
stability [22,38].

Optimal spinal recovery is believed to take place when the
recumbent spine is in its natural physiological shape, with a slightly
flattened lumbar lordosis [39]. It has been clinically postulated that
some sleeping postures could be provocative to pain sensitive spinal
tissues [4,6,20,40]. It seems biologically plausible some intermediate
postures and prone, with components of sustained spinal rotation
and extension, could cause sustained compression and torsion stress
on pain sensitive structures of the spine like the ZPJ and posterior
annulus. At present there is no high level evidence to support these
clinical observations.

An individual’s ability to fall asleep and maintain their sleep varies
enormously. Placed in a situation where the surrounds are different
such as in a sleep laboratory, heightened levels of vigilance and arousal
have been noted both in healthy and poor sleepers, and across a range
of age groups, particularly on the first night [41]. Called the first night
effect, data from this night is often excluded from analysis because
of aberrant results. It has been found that the level of intervention
(number of leads and attachments) relates to the severity of the first
night effect. It is possible that subjects while sleeping in their habitual
environment, with no leads or attachments to their bodies may not
experience the first night effect. However noise from the computer
cooling fans, camera red LEDs, or the knowledge of being filmed may
influence their normal sleep pattern.

For the clinician treating and advising clients about the possible
effects of sleeping posture on morning symptoms of spinal pain and
stiffness, there is limited anecdotal evidence from observational
studies and clinical textbooks, but currently there is no valid and
reliable information available on which to base client advice [31,42].
A recent systematic review examining non-laboratory measurements
for sleep pathology identified the need for non-invasive, low cost and
user friendly objective measurements of sleep, that can be deployed in
non-laboratory environments [43].

doi:http://dx.doi.org/10.4172/2325-9639.1000173

Therefore the aims of this research were to:

1. Examine the utility of new recording protocol in the habitual
environment

2. Examine the accuracy of self-report of sleep postures, including
intermediate postures

3. Examine the relationship between sleep posture and morning
symptoms

Methods

Materials

Digital video recorder (DVR): Data capture was achieved using
a DVR (Security Camera King ELITE SERIES 16 CHANNEL H2.64
www.securitycameraking.com) and stored on an internal hard drive.
Industry standard H.264 image compression software was used. The
DVR had its own proprietary software for playback. Settings for
cameras were programed via the DVR

Cameras: To enable viewing in low light/no light situations,
infrared technology (light not visual to human eye) was utilised in
combination with camera lenses to record the image (Security Camera
King VEILUX SVD-60IR28L2812D www.securitycameraking.com).
The cameras had a 10 times digital zoom that enabled accurate
framing of the bed area. Two cameras were used. One camera was set
to activate on movement detection and record during movement plus
an extra 30 seconds after movement ceased to confirm final posture.
Motion detection sensitivity was set to high and applied to the total
visual field of the camera using the Security Camera King software.
Each movement detected constituted an event with a separate date
and time stamp. The second camera was set to continuously record
and had hourly time stamps. Resolution of both cameras was set to
352* 240. While both cameras had auditory recording capabilities, no
sound was collected. Each camera was bolted via a mounting bracket
onto a stand to enable easy disassembly and transport.

Stands and camera positioning: Two collapsible iplex stands
with steel bases were constructed to enable easy disassembly, vehicle
transport, and reassembly. The foot end camera was set at a height of
1.8m and the overhead camera at 2.3m (Figure 1).

Procedure

Ethics approval was provided by Human Research Ethics
Committee of Curtin University (Approval Number PTO169).
Fifteen participants (8 female, mean age 44 years, 87% partner
sleeping) were recruited through word of mouth, information flyers
in medical clinics and an article in the local paper over a period of
4 months. The author explained the procedure, and if volunteers
agreed to participate, a recording date was agreed upon. There were
no exclusion criteria.

On the author’s arrival, participants completed a consent form
and Pre-Sleep Questionnaire. See Appendix 1. Participants were
asked to nominate percentage time each night spent in each of the
four sleep postures and the frequency and location of morning
symptoms of spine pain and stiffness that occurred during the past
month. The stands and cameras were assembled in the participant’s
sleeping area. Power board, camera power leads and BNC cables were
attached between DVR and cameras. Cables were taped or secured
to minimise trip hazards. Both cameras were set to record from 2000
hours to 0800 hours.
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Overheajd Camera

Figure 1: Camera Placements: Visual data collection was optimized by
using two cameras that were placed so their visual orientation was nearly
at right angles. One camera was placed at the foot end of the bed and the
other camera directly overhead. This combination provided optimal vision
and orientation to determine limb and trunk position. Using two cameras
also provided data integrity if one camera failed.

Occasionally camera zoom and focus required adjustment due to
varying room size and orientation of bed (Figures 2). This ensured the
viewing orientation for both cameras would be synchronized, so the
bed head was at the top of the picture frame and sufficient field of view
was available to ensure all sides of bed were included. Participants
were encouraged to perform their normal pre sleep routine in all
aspects. After 2 nights the equipment was retrieved.

The video data were reviewed on the DVR, using proprietary
software. Head, trunk and leg positions were noted and the overall
sleep posture was categorized according to the sleep posture
definitions outlined below. Each posture change was written on a
data-recording sheet relative to the time stamp, accurate to the closest
half minute. Times for each sleep posture interval were added up and
transferred to an Excel summary spreadsheet.

Video recordings of the first night from each participant were
reviewed by the same researcher several months after the initial
viewing and rescored. Following preliminary review of video data
it was determined that the posture definitions for prone and supine
needed to be more specific to reliably classify these postures. It also
became apparent there were some mathematical errors in the addition
of the intervals of time spent in each posture. Therefore a spreadsheet
was developed to record individual sleep posture intervals and
calculate total time spent in each posture.

Sleep posture (Figure 3)

Supine: Supine was classified as when the chest was facing the
ceiling. Sometimes one or both hips could be flexed, rolled or a
combination of both. These combined postures were rarely held for
longer than five minutes. Supine is generally considered mechanically
neutral and generally doesn’t result in healthy adults developing
spinal pain, but is associated with restless sleep, snoring and sleep
apnea [23]. It is generally a comfortable posture for people with spinal
stenosis or lumbar pain [44].

Prone: Prone was defined as when the chest was facing the bed
and both legs were straight. In this position the lumbar spine is in

doi:http://dx.doi.org/10.4172/2325-9639.1000173

lordosis and the cervical spine in a combination of extension and
rotation. If there was any degree of hip flexion, even if the participant
was still chest down, it was classified as % sidelying.

Avoiding a prone sleeping posture is a common clinical
recommendation [45,46]. In prone, the lumbar and cervical spine
lordosis (spinal extension) is increased and to enable breathing,
the cervical spine is rotated. Extension reduces both central and
lateral canal diameters of the lumbar spine [47] and cervical spine,
potentially compressing spinal cord and peripheral nerve tissue
[4,48]. Compared with supine or sidelying, prone was found to
have the highest percentage of cervical related waking symptoms
[49]. For clients with nocturnal exacerbation of neuropathic
symptoms, Goldman recommended specific day and night
postural changes (sleep in recliner chair, pillow between knees
in side lining or under knees in supine) to minimize extension
in a group of 11 patients with spinal stenosis and diabetes and
six non-diabetic patients. In the diabetic group he found nine of
the 11 patients reported moderate to excellent improvements in
functional tasks, for six of these it occurred within one day. In the
non-diabetic group five of the six experienced similar symptom
reduction [4].

Supported Sidelying (SSL) and % Sidelying (3% SL)

In adults, sidelying is the most common sleep position
[7,22,26]. Intermediate postures associated with sidelying have been
acknowledged [13] and to examine the possibility they may have a
different role in spinal tissue irritation, sidelying was divided into two
intermediate postures; SSL and % SL.

Supported sidelying was defined as the top thigh resting on
the lower thigh, knee or tibia. This is a relatively supported and
symmetrical posture with a flattened lordosis, which has been
identified as optimal for spinal recovery [39]. With further flexion
of the top hip, the top knee lowers to the mattress. This obliquity

Figure 2: Camera Orientations and Field of View: Screenshot of actual
visual data showing the two cameras orientation and visible field of view
for each camera.

Supine Supported Sidelying Prane

3/4 Sidelying

Figure 3: Sleep Posture Classifications.
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Figure 4: Comparison of time spent in each posture relative to the number of mornings waking with symptoms.

between top and lower thigh results in spinal rotation and lumbar
extension, both of which are considered provocative on spinal tissues.
We call this position % SL.

Data analysis

Recordings from the Night 1 were classified using the revised
posture definitions in duplicate by the same investigator (DC) in
random order with an interval of two weeks between duplicate
analyses. Recordings from Night 2 were analysed by the same
investigator. Duplicate recordings from Night 1 were used to
determine intra-rater reliability using the ICC statistic reported with
95% CI. Differences in the time spent in each of the four sleep postures
were compared between Nights 1 and 2 to determine whether there
was a first night effect.

Minutes per night in each posture were averaged across Nights 1
and 2 and then expressed as a percentage of average total sleep time
to enable comparisons with self-report sleep posture percentage data
and to examine the relationship between sleep posture and morning
symptoms of pain and stiffness. Associations between self-report
sleep posture and average measured sleep posture in each position
were examined using ICC (95%CI).

Participants reported the number of mornings per month that
they woke up with spinal pain and or stiffness in the following
categories: 0, 1 - 3,4 - 6,7 - 10, > 10 (See Appendix 1). Due to the
low number of participants, these categories were collapsed into three
groups: No pain, 1 - 3, more than 3 episodes of pain per month. The

average proportion of the night spent in each posture was compared
between the 3 groups, using the independent samples Kruskal-Wallis
Test due to the small numbers in some of the groups.

Results

Utility of a new recording protocol in the habitual environ-
ment

Equipment and design: Equipment portability and setup was
relatively easy across a range of different sleep environments and
acceptable to participants. Set up took an average of 45 minutes.
The motion detection camera picked up all changes in sleep posture,
confirmed by the continuous recording camera. It took twice as long
to analyze sleep posture data from the continuous camera recording
(60 minutes) than from the motion detection recording (30 minutes).
This time efficiency occurred firstly, because of the ability to skip from
posture change event to event, rather than having to fast forward
through periods without movement on the continuous recording.
Secondly, when repeatedly reviewing the same event to determine
the correct sleep posture, returning to the time stamp automatically
created by the onset of movement, was quicker than repeated
rewinding the video to the start of the movement event. We found
the usage of two cameras in our protocol enabled the capturing of
images from different cardinal visual planes, improving the ease of
posture recognition and providing an alternative source of data in
case of a camera failure.

There was no apparent first night effect of this set up in the
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participants’ homes, with only small differences between Nights 1 and
2 in the time spent in each position (Table 1).

Intra-rater reliability of posture classification: Intra-rater
reliability was excellent for all four postures using the revised posture
classifications (Table 2).

Accuracy of self-report of sleep postures: Self-report percentages
were reliably associated with video-measured percentages for supine
but not for either of the sidelying postures or prone (Table 3).
However, if the two sidelying postures were combined there was a
significant association between the predicted percentage and the
actual (measured) percentage (ICC=0.57;95%CI 0.10 to 0.83; p=0.01).

Relationships between sleep posture and morning symptoms:
The time spent in each of the sleeping postures; supine, SSL, % SL and
prone expressed as a percentage of the time spent asleep, did not differ
significantly according to the level of morning symptoms (Independent
Samples Kruskal-Wallis Test p > 0.17). However participants that spent
greater periods of time in SSL, had less mornings of symptoms per month
than those that slept in % SL or prone (Figure 4).

Discussion

Utility of a new recording protocol in the habitual environ-
ment

Equipment and design: In this study we explored the utility and
reliability of a simple, low cost, unobtrusive and portable method
of measuring sleep posture in the usual sleeping environment as an
alternative for posture research and clinical purposes. Typically sleep
based research has been conducted in dedicated sleep laboratories.
Availability, cost and artificiality of the PSG environment limit the
usefulness of this option for the study of sleep posture in the broader
population. Polysomnography studies, pressure mattress indentation,
and thermal imaging were not directly compared to this new protocol
because of the associated high cost and limited access. Commonly
sleep laboratories use only a foot end camera. Using two cameras
was an important element in achieving a high degree of posture
visualization and data collection in the technically challenging habitual
environment. When comparing utility in a habitual environment to
a controlled environment, additional considerations needed to be
taken into account. It was noted that social activities, pets, children
and temporary illness, resulted in unplanned interruptions to a
participant’s normal sleeping routine. Electrical blackouts and camera
malfunction did occur but the protocol was robust enough to provide
adequate data collection in each situation. Given the additional time
taken to arrange, meet and setup equipment, it is recommended to
record an extra night; thereby providing additional data should one
night be determined as ‘out of the ordinary’.

Intra-rater reliability of posture classification

Prior studies of sleep posture have largely focused on the
determination of three main postures; supine, prone and sidelying, in
temperature controlled environments by visual analysis or self-report.
Those studies using self-report of posture, did not undertake reliability
studies and apart from one study using mattress indentation, none
examined the reliability of intermediate sleep postures. The reliability
of this new protocol to determine the two main sleep postures and
two intermediate postures was very good. To maximize the reliability
of this protocol we recommend the use of an electronic scoring sheet
to calculate totals for each posture eliminating possibility of manual
arithmetic errors.

doi:http://dx.doi.org/10.4172/2325-9639.1000173

Data collection sessions in this study involved a combination of
single and couple sleeping arrangements. In an observational study
of long standing partners, it was found 82% of males and 76% of
the females’ periods of immobility occurred synchronously [50].
As we were primarily interested in measuring sleep posture, not
the number of movements per night, we considered it important
to maintain as normal a sleep routine as possible and not separate
couples as is common in PSG studies. If couples had separated for the
recording nights, this would have created an unnatural habitual sleep
environment.

Intrusiveness of equipment - first night effect

It has been noted by others that the significance of the first night
effect is proportional to the recording method; the more invasive
methods and the more unfamiliar the experimental environments,
have a greater first time effect [41]. In our study no significant
difference was found between Night 1 and Night 2 for any of the
four sleep postures, indicating that the current camera setup, DVR
fan noise and awareness of being filmed did not have a major effect
on participants’ sleeping postures in their habitual environment.
Researchers using this protocol should therefore only need to record
and analyse the actual number of nights required and do not need to
include adaptive nights.

Accuracy of self-report of sleep postures, including inter-
mediate postures

To date clinicians have relied on the reliability of client’s self-
report of sleep posture to develop appropriate health interventions.
Two clinical studies investigating the relationship between posture
and pain used self-report but provided no reliability data. Participants
in one group had spinal stenosis [4] and the other chronic low back
pain [26]. Gordon, 2004 compared 12 non clinical participants’
self-report of supine, sidelying and prone to sleep center videos
and reported good reliability for all postures [25]. We also found
reasonable reliability for supine and sidelying, but only when the two
intermediate sidelying postures were combined. However, in view of

Table 1: Difference between Nights 1 and 2 in the time (minutes) spent in each
of the 4 sleep postures.

Posture [()::Tz:letzzf 95% Confidence Interval p-value
Supine 15.4 -19.8 t0 50.6 0.36
Supported Sidelying 26.9 -21.9t0 75.7 0.26
% Sidelying -21.3 -43.6 t0 0.92 0.59
Prone -4.1 -34.3t0 26.1 0.77

Table 2: Intra-rater reliability of duplicate classification of video recordings of
sleep posture.

Posture ICC 95% CI
Supine 0.95 0.851t0 0.98
Supported Sidelying 0.91 0.76 t0 0.97
% Sidelying 0.97 0.91t0 0.99
Prone 0.97 0.90 to 0.99

Table 3: Reliability of Self-report estimates of night time posture compared
against measured night time posture values.

Posture ICC 95% CI p-value
Supine 0.7 0.32 to 0.89 0.001
Supported Sidelying 0.33 -0.20 to 0.71 0.11
% Sidelying 0.32 -0.21t0 0.71 0.11
Prone 0.26 -0.28 to 0.67 0.17
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the plausibility that time spent in sustained rotation and extension
could be provocative on spinal tissues, we wanted to determine, not
only the accuracy of self-report for combined sidelying postures but also
for the intermediate postures. With respect to self-report of posture, we
found participants could not reliably report the proportion of the night
spent in either of the sidelying postures or prone, indicating the need for
an alternative and more reliable measure of sleep posture. Looking more
broadly at self-report and sleep measures, participants with insomnia
underestimated total sleep time, sleep latency and number of nocturnal
arousals, indicating poor awareness [51]. Moreover in a classic study
comparing self-reported ‘poor sleepers’ with ‘good sleepers’ using PSG,
it was found that self-reported ‘poor sleepers’ actually slept much better
than would have been expected [52].

Relationship between sleep posture and morning spinal
symptoms

In accordance with others, our participants spent the greatest
period of time in sidelying (after combining % SL and SSL), followed
by supine and the smallest period of time was spent in prone [23,53].
In adults, the most common sleep position is sidelying [7,22,26].
In an epidemiology study involving 812 phone interviews, it was
found sidelying provided the most protection from waking cervical
symptoms [3]. Furthermore De Koninck et al. [23] found sidelying
postures with both arms and legs bent > 45 degrees, were sustained
the longest. Intermediate postures associated with sidelying have
been acknowledged [13] and we postulated that symmetrical postures
in sidelying provide greater spinal protection than asymmetrical
postures. We therefore divided the general posture of sidelying into
a symmetrical non-provocative posture (SSL) and an asymmetrical
provocative posture (% SL) [54].

We found no significant relationships between any one of the four
postures and spinal symptoms. This might be due to the mismatch in
time frame for these measurements. Participants were asked about
their symptom frequency over the preceding month but video data
was collected for only two nights. It is possible that for some, the
nights recorded were not representative of typical nights. It would be
beneficial in future research to include a morning after questionnaire
to clarify this possibility.

Benefits of this new protocol include

*  Minimal delay in implementing a sleep posture assessment as the
equipment and protocol are low cost and readily available

» Sleep posture assessment can be achieved in a subject’s habitual
environment without medical supervision and without a first
night effect

* Intermediate postures can be reliably determined from this
recording protocol

+ Significant cost savings can be achieved in comparison to
undertaking a full PSG, either at home or in a sleep laboratory
when the primary aim is to access sleep posture

Limitations of Study

In the Pre Sleep Questionnaire, self-report details were sought
about what posture participants believed they were in when falling
asleep and walking up. This was unable to be verified, as equipment
was not used to determine sleep states. Participants were questioned
about symptoms over a month, but recording of sleep posture only
occurred over 2 nights.

doi:http://dx.doi.org/10.4172/2325-9639.1000173

Conclusion

A recording protocol using infrared technology that was able to
reliably evaluate sleep posture has been developed. A novel feature
of this protocol was the inclusion of intermediate postures, due to
their postulated clinical significance. The recording protocol was
low cost, portable and did not induce a first night effect. While no
statistical relationship was found between individual sleep postures
and morning symptoms, pilot data have been generated to inform
power calculations for larger studies to investigate these hypothesized
relationships.
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