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Abstract 

While there has been enormous growth in sleep, spinal symptoms research and 
quality of sleep, little attention has been paid to the possible effects sleep posture 
may have on waking spinal symptoms and quality of sleep. Patients presenting to 
health services with waking spinal symptoms like pain and stiffness not present on 
going to bed, are asked about their sleep posture and sleep system (i.e., bed, pillow 
and mattress). Self-report of sleep posture has been found to be unreliable and calls 
into doubt a large proportion of the current body of literature. As part of their 
treatment, patients are advised to avoid certain sleeping postures thought to be 
provocative. This approach appears to have sound clinical reasoning and biological 
plausibility, and anecdotal evidence suggests that changing sleep posture may 
reduce waking spinal symptoms. However, there is limited research examining 
relationships between sleep posture and waking symptoms on which to base 
advice, and it is not known if patients can change their sleep posture if requested to 
do so. 

Sleep postures are generally classified as supine, side lying or prone. Classification is 
simplistic, with supine defined as lying on the back, prone lying on the stomach and 
all other positions are considered side lying. When considering the potential that a 
sleep posture could provoke spinal symptoms, it is important to know whether the 
posture involves end range rotation and/or extension. It is believed anecdotally and 
theoretically, that these postures are more likely to increase compression and 
torsion load on spinal tissues. There is broad consensus that supine is supportive 
and prone provocative of spinal symptoms, however this has not been confirmed. 
Adults spend the largest period of time in side lying, however, side lying contains an 
array of postures, some of which are claimed to optimise spinal recovery, while 
others involve end range postures and are possibly provocative to spinal tissues. For 
this reason, it may be important to consider sub-classify side lying based upon 
possible tissue load, rather than using one homogeneous side lying classification. 

A large percentage of sleep research is conducted in high technology sleep 
laboratories that are expensive to operate, induce altered patterns of sleep, are of 
limited availability and are largely reserved to examine pathological groups. These 
barriers limit research and generalisability of findings. A recent systematic review 
identified the need for non-invasive, low cost and user-friendly objective 
measurements of sleep, that can be deployed into non-laboratory environments. 

The aim of this doctoral thesis was to examine relationships between sleep posture, 
waking spinal symptoms and quality of sleep. Due to the lack of on an objective 
measure of sleep posture, we first needed to select equipment and develop a 
recording protocol to accurately measure sleep posture in the home environment. 
To achieve this, 20 health professionals (physiotherapists and chiropractors) viewed 
a pre-recorded video, showing randomised sleep postures under natural and 
infrared light situations, with a variety of bed coverings to represent the home sleep 
environment. Participants classified the viewed sleep postures into six categories, 
including two new side lying postures. Viewing was repeated after two days. It was 
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found that reliable and valid assessment of each sleep posture could be achieved 
under a variety of light conditions and bed coverings. 

Using this recording protocol, we demonstrated in a pilot study (N = 15), that 
capturing good quality sleep posture data were possible and there was no first night 
effect in the home environment. Participants who spent less time in rotated and 
extended postures, had less symptoms per month, but these findings were non-
significant. 

The final phase of this thesis, divided into two parts, was to examine relationships 
between sleep posture, waking symptoms and quality of sleep in a control and 
symptomatic groups. Firstly, in a cross-sectional study to determine if participants 
slept differently. Data were collected from 53 participants in three groups (i.e., 
Control n = 20, Lumbar n = 20 and Cervical n = 13) and compared. Participants in the 
symptomatic groups spent more time in provocative postures than the Control 
group, significant in the Cervical group and nearly significant in the Lumbar group (p 
= .52). Participants in the symptomatic groups also reported poorer outcomes in all 
measures of pain, disability, quality of sleep and quality of life compared to 
participants in the Control group. Secondly, a prospective uncontrolled intervention 
trial was conducted in which symptomatic participants were advised to change their 
sleep posture. Participants in the symptomatic groups were then re-assessed at 4 
and 16 weeks after baseline. Following the postural education intervention, 
participants in both groups were able to reduce the time they spent sleeping in 
provocative sleep postures and reported significant improvements across a broad 
range of pain, disability, quality of sleep and quality of life measures at 4 and 16 
weeks after baseline. This was more so in the Lumbar group. This thesis has made a 
significant and original contribution to the area examining sleep posture, waking 
spinal symptoms and sleep quality. 
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Chapter 1. Introduction 

Sleep is considered essential for human mental and physical recovery (Cabot & 
Beckham, 2005; Helmanis, 2006; Xie et al., 2013). Yet every night, a proportion of 
the population goes to bed without symptoms, only to experience waking spinal 
symptoms and/or poor quality sleep, while others with already existing spinal 
symptoms, will wake with exacerbations of their retiring symptoms (Desouzart, 
Vilar, Melo, & Matos, 2014; Goldman, 2005; Gordon, Grimmer, & Trott, 2007a; 
Kraemer, 2011). 

Spinal symptoms are common and mostly occur in the cervical and lumbar regions, 
with a one-year point prevalence ranging from 30 to 50% for cervical pain (Hogg-
Johnson et al., 2008) and 38% for of lumbar pain (Hoy et al., 2012). The prevalence 
of both cervical and lumbar pain has increased markedly (cervical 21.1% and lumbar 
17.3%) over the past 25 years, and these rates are expected to continue rising 
(Hurwitz, Randhawa, Yu, Côté, & Haldeman, 2018). Other types of symptoms like 
stiffness and bothersomeness, still important to patients, are less well documented. 

It has been postulated that poor sleep posture during the night may be responsible 
for the production of both waking cervical (Gordon, Grimmer-Somers, & Trott, 
2010; Gordon, Trott, & Grimmer, 2002; Lee et al., 2016) and lumbar symptoms 
(Gracovetsky, 1987). It was determined in young military recruits, that 33% had the 
most intense spinal pain during sleep hours or on waking and that for 50% of the 
recruits, the spinal pain was significant enough to cause disruption to their sleep 
routine (Desouzart, Vilar, et al., 2014). Historically, research into sleep posture has 
either used non-validated tools or technology that is not widely available. Further, 
current sleep posture classifications generally divide sleep posture into supine, 
prone and side lying. With adults spending up to 70% of their sleep time in side lying 
(De Koninck, Lorrain, & Gagnon, 1992; Gordon et al., 2007a) and taking 
biomechanical stress into account, it is logical to consider whether the side lying 
classification should be divided into sub-posture classifications. Intermediate 
postures associated with side lying have been acknowledged (Verhaert, Haex, De 
Wilde, Berckmans, Verbraecken, et al., 2011) and intermediate side lying postures 
could be considered with respect to their likelihood or not, of provoking pain-
sensitive spinal structures. Anecdotal and theoretical evidence suggests that 
mechanical load induced by some sleep postures, like prone, may provoke spinal 
pain (Desouzart, Matos, Melo, & Filgueiras, 2016; Gordon et al., 2007a) due to 
increased compression or elongation loads on spinal tissues (De Koninck et al., 
1992; Gracovetsky, 1987). 

In upright and lying down postures, loads experienced by spinal structures include 
compression, elongation, torque and shear. Gravity is a source of spinal 
compression, but the major source is derived from muscle contraction (Dolan, 
Earley, & Adams, 1994; Kingma et al., 2001). Compression is primarily attenuated by 
the vertebral bodies, intervertebral discs (IVD) and zygapophyseal joints (ZPJ) 
(Pollintine, Przybyla, Dolan, & Adams, 2004). When lying down and resting, spinal 
compression due to gravity and muscle contraction is reduced, creating a low 
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compression environment and reducing the role for load attenuating structures. A 
reduced gravity environment, potentially allows an increased range of spinal 
movement, due to reduced anular stiffness (Iatridis et al., 1998) and reduced ZPJ 
contact (Pollintine, Przybyla, et al., 2004). The potential combination of increased 
range of movement and altered loading patterns, may result in additional loading of 
viscoelastic collagenous tissues like anular IVD fibres (Krismer, Haid, & Rabl, 1996) 
and ligaments, rather than bony structures (Adams & Hutton, 1981). Viscoelastic 
tissues are vulnerable to sustained or repeated low elongation loads and undergo 
predictable mechanical and viscoelastic changes. These include creep, hysteresis 
and fatigue failure. In an in vivo experiment, healthy participants sustained 10 
minutes of spinal flexion, which resulted in spinal creep and in 50% of the 
participants, muscle spasms, with the authors suggesting this occurred secondary to 
viscoelastic tissues micro-damage (Solomonow, Baratta, Banks, Freudenberger, & 
Zhou, 2003). Pro-inflammatory chemicals have been mapped in harvested feline 
spinal ligaments subjected to three, 10 minute applications of low load 
(Solomonow, 2012), providing a possible mechanism to explain spinal symptoms 
following a low load viscoelastic injury. 

Sleep posture has been associated with quality of sleep. Specifically, some sleep 
postures result in increased biomechanical load on the spine, causing pain, stiffness 
and poorer quality sleep (Gordon et al., 2010; Lee et al., 2016). A bi-directional 
association between spinal pain and sleep quality has been identified (Alsaadi, 
McAuley, Hush, & Maher, 2012; Finan, Goodin, & Smith, 2013). That is, increased 
pain during the day, results in poorer quality of sleep that night, and poorer quality 
of sleep results in increased pain the following day. At any given time around the 
world, one third of the adult population experiences poor quality sleep (Ohayon, 
2002). Poor quality of sleep is subjectively determined by delayed sleep onset, more 
awakenings after sleep onset, increased total wake time, and poor continuity of 
sleep (Akerstedt & Gillberg, 1990; De Koninck, Gagnon, & Lallier, 1983). Therefore, 
factors like sleep postures that provoke pain, potentially causing increased awaking, 
could impact on sleep quality. Poor sleep quality is significantly associated with 
adverse health outcomes for adults (Meerlo, Sgoifo, & Suchecki, 2008; Nitter, Pripp, 
& Forseth, 2012) and is predictive of musculoskeletal pain in pre-adolescents, 
adolescents, young adults (Auvinen et al., 2010; El-Metwally, Salminen, Auvinen, 
Kautiainen, & Mikkelsson, 2004; Harrison, Wilson, & Munafò, 2014; Millman, 2005) 
and adults without pain (Nitter et al., 2012). For this reason, it is important to 
identify any factor that potentially could adversely affect an individual’s ability to 
maintain an asleep state. 

While some sleep research has examined the role sleep posture may have on 
waking spinal symptoms (Desouzart, Filgueiras, Melo, & Matos, 2014; Desouzart et 
al., 2016; Gordon et al., 2007a) and sleep quality (Gordon, Grimmer, & Trott, 
2007b), none of these studies used validated, objective measures to confirm self-
reported sleep postures. 

In summary, there is limited research examining the relationships between sleep 
posture, waking spinal symptoms and sleep quality, on which to base clinical advice 
to patients experiencing waking spinal symptoms and interrupted sleep. 
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1.1 Problem Identification 

For the clinician treating and advising patients about the possible influencing effects 
of sleep posture on waking spinal symptoms, there is much opinion (Courtial, 1970; 
Edwards, 2005; Escolar-Reina et al., 2009; McDonnell, 1945; McKenzie & May, 2006; 
Travell & Simon, 1992, 1999; Yim, 2015) but limited evidence (Desouzart et al., 
2016) to guide management and advice. 

An initial review of the sleep literature, with a focus on sleep posture, revealed the 
majority of research is laboratory-based and primarily focused on sleep pathologies 
like insomnia, obstructive sleep apnoea, sudden infant death syndrome (Dwyer, 
Ponsonby, Blizzard, Newman, & Cochrane, 1995; Fleming et al., 1990; Lichstein et 
al., 2006; van Maanen et al., 2012), ulcer prevention (Hsia et al., 2009) and design of 
sleep systems (Gordon, Grimmer-Somers, & Trott, 2009; Leilnahari, Fatouraee, 
Khodalotfi, Sadeghein, & Kashani, 2011; Verhaert, Haex, De Wilde, Berckmans, 
Verbraecken, et al., 2011). We conducted a more recent scoping review examining 
relationships between sleep posture and waking spinal symptoms and identified 
only four relevant studies (Cary, Briffa, & McKenna, 2019). 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 (van De Water, Holmes, & 
Hurley, 2011). Further, ergonomic sleep studies require long periods of monitoring 
to accommodate for the variations in nightly posture and habituation (Willemen et 
al., 2012). Currently, there is no cheap, portable, valid and reliable method to assess 
long-term sleep posture, on which to base patient treatment decisions and advice in 
regards to waking spinal symptoms. 

1.2 Thesis Hypothesis 

The first hypothesis we have considered, is that sleep posture and the time spent in 
sleep postures are different in participants who wake with and without spinal 
symptoms. The second hypothesis is that with education, sleep postures can be 
changed, resulting in waking spinal symptom reduction and possibly an 
improvement in other domains associated with sleep. 

1.3 Aim and Objectives 

The aim of this research was to investigate the relationship between sleep postures, 
waking spinal symptoms and quality of sleep in participants with and without 
waking spinal symptoms. 

1.3.1 Objectives 

To achieve this aim, six objectives were constructed to be tested. 

1) The first objective of this study was to identify appropriate equipment and 
sampling procedures, henceforth called the recording protocol, to enable 
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the study of sleep postures with minimal intrusion, in a home environment. 

2) The second objective was to conduct validity and inter- and intra-rater 
reliability testing of sleep posture classifications, including the sub-
classification of side lying postures. 

3) Participants involved in sleep research conducted in sleep centres exhibit a 
phenomenon called the first night effect. To counter this, researchers 
discard data from the first one or two nights. Therefore, the third objective 
was to identify if a first night effect does or does not occur using the 
recording protocol in the home environment. 

4) The fourth objective was to determine the accuracy of self-report for sleep 
postures, including sub-classified side lying in the home environment. 

5) Due to the vanguard nature of the research, the fifth objective was to 
examine in a larger group (N = 53), a broad range of differences between 
symptomatic and control participants. 

6) The final objective was to assess whether participants with waking spinal 
symptoms were able to change their sleep posture following an education 
intervention and 4 weeks of practice, and if so, what changes occurred in 
the domains of musculoskeletal symptoms, disability, sleep quality, and 
quality of life at 4 and 16 weeks after the baseline assessment. 

1.3.2 Overall Study Design 

The first objective was achieved via discussions with professionals in the security 
and sleep research fields, to identify and then test the appropriateness of selected 
equipment. After functionality of the equipment and protocol was confirmed, the 
second objective was examined by asking health professionals (N = 20) with various 
levels of clinical experience, to view a random sequence of the six sleep postures, 
under varying light sources and degrees of bed covering to ascertain validity. 
Viewing was repeated on two separate occasions to ascertain the reliability of the 
recording protocol. 

The third and fourth objectives were examined with a group of 15 volunteers, each 
recorded for two nights using the recording protocol while sleeping in their home 
environment. The accuracy of self-report was further tested in the subsequent 
larger study (N = 53). 

The fifth objective was addressed using data collected from a non-randomised 
cross-sectional cohort of 53 participants, 33 with waking spinal symptoms (i.e., 13 
cervical and 20 lumbar) and 20 in our control group. 

The 33 participants who experienced spinal symptoms, were included in a 
prospective study addressing the final objective. Participants received education in 
relation to recommended sleep postures and the benefits of changing their sleep 
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posture. Participants were then re-assessed at 4 and 16 weeks after the baseline 
assessment. 

Limitations to this research were noted from the start. Because this research is 
examining sleep posture and not examining sleep neurophysiology, sleep posture 
data collection commenced when participants turned out their lights and assumed a 
stable sleep posture, not when they actually fell asleep, as this could not be 
determined. Study participants needed to have ease of movement around their bed 
and for this reason confounding factors such as medical conditions, age and 
medications were used to exclude persons whose natural movement was limited. 
Finally, participant numbers were limited. This was mostly due to the rural and 
remote geographical location (i.e., Esperance, Western Australia) of the main 
researcher, limiting the potential source of participants. Australian Bureau of 
Statistics 2016 Census records the total population aged between 19 and 44 years 
as 3019 (Statistics, 2016). It was also limited as the main author had been practicing 
in Esperance for more than 10 years, and anyone that had previously been treated 
for neck or low back pain by the main author were excluded. Further, recruitment 
was limited by volunteers’ concerns or their partner’s concern about being videoed 
while asleep.  

Participants were enrolled consecutively, but restriction in participants meant it was 
not feasible to have a randomised control group for the prospective study. To 
optimise the study design, participants in the symptomatic groups enrolled in the 
baseline assessment, also participated in the 4 and 16 week follow-ups. 

1.4 Study Significance 

In clinical practice it is common to treat patients with waking spinal symptoms. 
Treatment to date is based on anecdotal knowledge and clinical trial and error. This 
study will provide tools and fundamental evidence for the role that sleep posture 
may have in waking spinal symptoms. As such, this study will inform the treatment 
of patients with waking spinal symptoms and guide the development of larger and 
more definitive trials that will ultimately guide evidenced based management of 
waking spinal symptoms with respect to sleep posture. 

1.5 Study Overview 

This thesis consists of seven chapters. 

Following this introductory chapter, relevant background information in regard to 
the sleep cycle, spinal anatomy and biomechanics, types and possible sources of 
waking symptoms are presented in Chapter 2. Several aspects of sleep posture are 
explored including the development, classification, measurement and relationship 
with spinal symptoms. Factors influencing why people might choose a particular 
sleep posture and their ability to change their sleep posture are also discussed. 
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In Chapter 3 the development and testing of a portable and low-cost method to 
assess sleep posture is described. The validity and reliability of this novel sleep 
posture assessment method (including sub-classified side lying) was tested under 
different light conditions and bed coverings to represent the home environment. 
The recording protocol was then field tested as a pilot study in home environments. 
Testing included examination for the first night effect and accuracy of self-reported 
sleep postures. 

The methodology for the non-randomised, cross-sectional cohort and prospective 
longitudinal studies is presented Chapter 4. Control and symptomatic groups (i.e., 
cervical and lumbar) were assessed at baseline and the symptomatic participants 
were reassessed at 4 and 16 weeks after an education-based intervention aimed to 
decrease time spent in provocative sleep postures. In addition to sleep posture, a 
broad range of pain, disability, quality of sleep and quality of life measures were 
collected. 

Results from the cross-sectional and longitudinal studies are presented in Chapter 5. 

In Chapter 6, the findings of a scoping review undertaken to examine relationships 
between sleep posture and spinal symptoms in adults are presented. As this PhD. 
spanned nine years from conception to data analysis, it was believed important to 
examine the findings described in Chapter 5, in light of current research. 

Lastly, in Chapter 7 our results are discussed in context with the current 
understanding of research in sleep posture with regard to waking spinal symptoms 
and quality of sleep. This chapter also contains our conclusions and a reflective 
evaluation of our studies and suggests areas for future research. 

1.6 Chapter 1 Key Points 

• Sleep is essential for optimal physical and mental recovery 

• Anecdotally, sleep posture may contribute to waking spinal symptoms 
and poor quality of sleep but there is a lack of research using validated 
measures 

• There are plausible biomechanical reasons as to why sleep posture could 
contribute to waking spinal symptoms. 
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Chapter 2. Background 

In the first section of Chapter 2, the components of the sleep cycle are described 
with particular reference to levels of consciousness and changes of posture. The 
following sections examine relevant spinal anatomy and biomechanics and the 
chapter closes by examining possible sources of spinal symptoms and the 
classification, measurement and influencing factors of sleep posture. 

2.1 Sleep 

2.1.1 Sleep Stages 

Starting in the 1920s, measurement of sleep depth using electroencephalograms 
enabled researchers to investigate brain activity during sleep. Due to high levels of 
brain function noted, the myth that the brain was resting while asleep was 
overturned and sleep was subsequently divided into periodic sleep cycles of rapid 
eye movement (REM) and non-REM (NREM) (Figure 1). 

Human sleep is commonly classified into five stages, four non-REM and one REM. 
While there is individual variation, the sleep cycle progresses from Stages 1 to 5 and 
is repeated regularly through the night, each cycle lasting from 90 to 140 minutes. 
The first four stages are non-REM sleep. Stage 1 (5 - 10 minutes) and Stage 2 involve 
periods of drowsiness and light sleep. Brain activity involves thoughts like 
contemplation, planning and evaluation (Fosse, Stickgold, & Hobson, 2001). 
Changes in sleep posture are also common in Stages 1 and 2 (Hobson, 2005). During 
Stage 2, brain waves transition from alpha to theta, with periods of spontaneous 
muscle contraction and relaxation. The heart rate slows and body temperature 
decreases as the body prepares for deep sleep. Stages 3 and 4 are characterised by 
theta and delta brain waves, representing deep sleep and a period of time from 
which it is difficult to wake. During the REM stage, respiration, eye movement and 
brain activity increases as a period of intense dreaming commences. With the 
increased mental activity, face and limb muscles twitch, but large voluntary muscle 
groups are paralysed and while we imagine we move, we do not (Harrington, 2014). 
As the night progresses, there is a greater portion of each cycle spent in REM sleep; 
starting initially at around 10 minutes and extending to 60 minutes in the last cycle 
of sleep. 
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2.1.2 Posture Shifts 

Posture shifts and muscle activity are periodic and mainly occur in transition 
between sleep stages and during waking stages (Hobson, 2005). Long periods of 
postural immobility are associated with non-REM sleep (i.e., deep sleep). With 
regard to transitions, posture shifts mostly occur in the ascending stages, (e.g., 
Stage 4 and 3 to Stage 2 or to a REM stage) (De Koninck et al., 1992; Hobson, 
Spagna, & Malenka, 1978). Transition from Stage 2 into either REM (light sleep) or 
Stage 3 and 4 (deep recovery sleep), is strongly linked to body movements. It was 
noted that if movement occurred in Stage 2, there was a low probability (14%), that 
participants would transition into Stage 3 or 4 (i.e., deep, recovery sleep). Rather, 
with movement in Stage 2, the majority of people transition into REM (i.e., light) 
sleep (Muzet, Naitoh, Townsend, & Johnson, 1972). To optimise the amount of 
deep sleep, identifying and reducing factors that might contribute to posture shifts 
in Stage 2, could increase the amount of time spent in the restorative stages of 
sleep. It was noted in participants with ages ranging from 3 to 80 years, that while 
there were sleep posture preferences within age groups that follow the general 
ontogenetic trend (i.e., with increasing age, less time in prone and increased time in 
side lying), the actual sleep postures assumed by participants were independent of 
sleep stages (De Koninck et al., 1992). 

Posture shifts also commonly occur during waking, a brief period of time following 
each REM stage. The REM stage is commonly associated with experiences of 
hallucinations and dreaming, whereas waking, quiet waking and sleep onset, are 

 
Figure 1. A cycle of ascending and descending rhythms of approximately 90 minutes and 
consisting of five sleep stages, characterises human sleep patterns. Each cycle finishes in 
REM sleep, in which intense dreaming occurs, often followed by a brief period of 
awakening. The time spent in REM increases with each subsequent cycle and is 
associated with learning and memory organisation. Stage 1 and 2 involve light sleep, 
while Stages 3 and 4 involve deeper, slow wave sleep associated with tissue healing and 
recovery. Adapted from (Kurlak, 2014). 
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associated with thoughts and higher mentation (Figure 2). Thoughts include 
contemplation, brooding, evaluation, planning and understanding, and occur 
whether in a home or a sleep centre environment (Fosse et al., 2001). It is plausible, 
that during a stage of sleep commonly associated with posture shifts (i.e., waking), 
the thinking part of the brain is actively engaged and may be able to evaluate and 
decide what sleep posture to move into next. 

2.1.3 Summary of Section 2.1 Sleep  

Human sleep is characterised by several, repeated cycles a night of deep and light 
sleep, with periods of brief waking between. Muscle activity and posture shifts are 
also periodic and associated with transitions between sleep stage and brief 
awakenings. While changes in sleep postures are associated with transitions 
between stages of sleep, sleep postures adopted are not sleep stage related. As a 
consequence of higher levels of thought during periodic awakenings, it is plausible 
that sleeping posture could be consciously determined before transitioning back 
into deeper sleep states. 

Spine anatomy and terminology are reviewed in Section 2.2, Spine Anatomy. 

  

 

Figure 2. Percentage of reports with thoughts and percentage of reports with 
hallucinations in each wake-sleep state (Fosse et al., 2001). 
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2.2 Spine Anatomy 

2.2.1 Terminology 

Anatomical descriptions are based upon four imaginary planes that divide the body 
into parts (Figure 3): 

• Median plane: A vertical plane dividing the body equally into left and right 
halves. 

• Sagittal planes: Vertical planes, parallel to the median plane dividing the 
body into left and right parts. 

• Frontal (coronal) planes: Vertical planes at right angles to the median plane 
dividing the body into anterior (front) and posterior (back) parts. 

• Transverse (horizontal) planes, at right angles to sagittal and frontal planes 
dividing the body into superior (above) and inferior (below) parts. 

2.2.2 Spine Structures 

The musculoskeletal system of the spine consists of the skeletal system; vertebrae 
and interposing zygapophyseal joints (ZPJ), the ribs and pelvis and the soft tissue 
system; namely muscles, intervertebral discs (IVD), ligaments, joint capsules, 
vascular and neural structures. 

The basic building block of the spinal column is termed the functional spine unit 
(FSU) and consists of adjacent vertebrae, IVD, ZPJs and ligaments that allow mobility 
while protecting the vital spinal cord. The spinal column gains additional stability via 

 
 

Figure 3. When discussing movement, posture and relative position of structures, 
anatomical descriptions are based upon the three cardinal planes; sagittal, frontal and 
transverse. Figure reproduced with permission from Moore, Dalley, and Agur (2006). 
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the ribs, which assist in protecting the vital organs, and the pelvis, which assists in 
load transfer from the lower limbs. The vertebral column consists typically of 33 
vertebrae; seven cervical, 12 thoracic with associated ribs, five lumbar, five fused 
sacral and four separate coccygeal bones. There is a general trend from superior to 
inferior of vertebrae increasing in size, reaching a peak at the first sacral vertebra 
and reflecting greater load dissipation capacity. Conversely, greater ranges of 
motion are achievable in the higher portions of the spine, with 50% of cervical 
range occurring in the first two spinal segments (Bogduk & Mercer, 2000). The five 
sacral vertebrae are fused, forming part of the pelvis and the four coccygeal 
vertebrae are fused representing a rudimentary tail (Jull et al., 2015). 

The vertebrae of the spinal column are aligned in the shape of an ‘S’, when viewed 
in the sagittal plane, creating four curvatures. The cervical and lumbar curvatures 
are convex anteriorly (lordosis), while the thoracic and sacral/coccyx curvatures are 
convex posteriorly (kyphosis) (Moore et al., 2006). 

Apart from the first two cervical vertebrae, each vertebra is similar in structure and 
consists of two parts, a vertebral body and a vertebral arch. Between each vertebral 
body is an IVD, which is generally divided into two portions; the inner nucleus 
pulposus and outer anulus fibrosus. In the cervical spine, there is also a periosteo-
fascial tissue in the postro-lateral region, replacing the anulus fibrosis seen in other 
parts of the spine, which migrates medially and by the third decade becomes a 
horizontal cleft (Bogduk & Mercer, 2000). Elsewhere, the anulus fibrosus consists of 
lamina layers with each layer aligned at 60 degrees to the preceding lamina, 
providing a mobile and strong structure resisting torsion loads. The nucleus 
pulposus is gel like in consistency till middle age and assists in load transfer. Within 
4 hours of vertical loading, the fluid volume of the IVD will reduce between 6 and 
13%. Nucleus pulposus fluid volumes decrease with increasing age and the overall 
spinal column length is also reduced and becomes stiffer with increasing age 

 

Figure 4. Key vertebral landmarks include: 1 spinous process, 2 transverse process, 
3 superior process of the ZPJ, and 4 inferior process of the ZPJ. The IVD, found 
between two adjacent vertebrae, consists of the outer anulus fibrosus and the 
inner nucleus pulposus. Adapted from (Moore et al., 2006). 
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(Farfan, 1973). Rehydration occurs in an unloaded posture, such as lying down. The 
interface between each vertebral body and the IVD is lined with articular hyaline 
cartilage, which is thinner on the superior margin (Oxland, 2016). The IVD is 
innervated, but only the outer and middle one third of the anulus. 

From the vertebral arch arise seven processes; one spinous process, two transverse 
processes, plus two superior and two inferior processes of the ZPJ (Figure 4). The 
contact areas of a corresponding superior and inferior process are lined with 
articular hyaline cartilage, creating a right and left ZPJ (Moore et al., 2006). The ZPJs 
help to absorb compressive load, resist rotation in the lumbar spine, extension in 
the cervical spine and guide spinal column movements (Farfan, Cossette, 
Robertson, Wells, & Kraus, 1970; Przybyla, 2005). The relative ability of ZPJs to 
absorb load is related to their direction of alignment. In the lumbar spine, this is 
more in the sagittal plane, limiting rotation, while in the cervical spine, ZPJs are 
aligned more in the coronal plane and limit extension. Surrounding the articular 
hyaline cartilage is a synovial membrane that produces and retains synovial fluid for 
joint lubrication. The synovial membrane is supported by capsular ligaments. In the 
lumbar spine the posterior capsule consists of tight transverse fibres, while the 
superior and inferior capsule has lax fibres allowing facet displacement associated 
with flexion and extension, and the anterior capsule is replaced by the ligamentum 
flavum (Adams, Bogduk, Burton, & Dolan, 2006). In the cervical spine, the capsular 
ligaments are recognised as important stabilisers of the ZPJs (Ramieri, Domenicucci, 
Miscusi, & Costanzo, 2015). 

Soft tissues like ligaments, capsules and the IVD play an important role in limiting 
spinal movement (Bogduk & Mercer, 2000; Mattucci, Moulton, Chandrashekar, & 
Cronin, 2012) and provide spinal column support (Figure 5). Ligaments are uniaxial 
structures connecting adjacent vertebrae and primarily consist of tight bundles of 
type 1 collagen, aligned in the direction to best resist load (Oxland, 2016). However, 
several named ligaments like the supraspinous ligament, anterior longitudinal 
ligament, interspinous (dorsal component) and intertransverse are not real 
ligaments, rather thickened membranes or extensions of tendinous attachment 
points (Adams et al., 2006). Ligament strength reduces with age in both the lumbar 
(Iida, Abumi, Kotani, & Kaneda, 2002) and cervical spine (Pintar, Yoganandan, & 
Voo, 1998). 

All vertebrae, connected via IVDs, ZPJs and supported by ligamentous structures, 
represent a dynamic and mobile spinal column. However, the spinal column is not 
able to initiate, control or maintain posture by itself (Oxland, 2016). This function is 
controlled by the trunk muscles, comprising of spinal and abdominal muscles. Some 
spinal muscles span one vertebral segment while others span several. Abdominal 
muscles attach to the ribs, diaphragm and pelvis, assisting in spinal support and 
movement. Muscle function is controlled by neural networks linking them to the 
brain (Moore et al., 2006). 

The interaction of the spinal structures to provide spinal stability has been classified 
into three interacting subsystems (Panjabi, 1992). The subsystems are passive (e.g., 
ligaments, IVD, capsules, vertebrae and ZPJ), active (e.g., muscles and tendons) and 
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neural (e.g., nerves). The neural system receives information from receptors in the 
active and passive systems and initiates changes in the active subsystem to bring 
about stability, resisting loads around two to three times body weight. When the 
active and neural subsystems are not engaged, the load capacity or ‘critical load’ of 
the passive subsystem before it buckles has been determined as 20 N (2 kg) for the 
T1 to sacrum and 90 N (9 kg) for the L5 to sacrum specimens respectively (Panjabi, 
1992). 

2.2.3 Summary of Section 2.2 Spine Anatomy 

The human spine is a flexible column providing structure and protection for the 
spinal cord. The basic building block of the spine is termed the functional spine unit, 
consisting of adjacent vertebrae and the associated IVD, ZPJs and ligaments. Static 
and dynamic posture of the human spine is initiated and controlled by the 
neuromuscular system. Without the active system involvement, passive structures 
have a much lower critical load capacity. 

In Section 2.3 Spine Biomechanics, biomechanical loads that act on, and influence 
movements of the human spine and how spinal tissues resist these loads are 
reviewed. The effects of coupled movement and a low gravity environment on sleep 
postures will also be examined. 

  

 
Figure 5. Spinal ligaments are an important support tissue, attaching bone to bone and 
limiting excessive movements. Reproduced with permission from Moore et al. (2006). 
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2.3 Spine Biomechanics 

Many physical risk factors have been identified as having a strong relationship with 
spinal pain (Andersson, 1999; Kim, Wiest, Clark, Cook, & Horn, 2018). A large 
proportion of these spinal risk factors are biomechanical loads which commonly 
involve twisting, bending, lifting and whole body vibration (Hoogendoorn et al., 
2000; Tiemessen, Hulshof, & Frings-Dresen, 2008). Not only is it important to 
consider the amount of load, but also the effect of the load as it is applied over 
time. It has been noted that low physical loads applied over time have a cumulative 
effect, potentially overloading collagenous tissues and causing the onset of 
symptoms (Kumar, 2001; Norman et al., 1998). In a 3 year prospective study, 
Hoogendoorn et al. (2000) examined the effects of physical load on the occurrence 
of low back pain (LBP). They observed an increased risk of LBP occurred in workers 
assuming a flexed posture greater than 30 degrees, for more than 10% of the time 
(OR = 1.22 (95% CI: 0.94, 1.57)), or rotation greater than 30 degrees for more than 
10% of the time (OR = 1.28 (95% CI: 0.86, 1.90)), when compared to workers that 
spent 5% or less of their time in these postures. For these reasons, both 
biomechanical loads and the effect of load over time will be explored in this section. 

2.3.1 Spinal Loads 

There are three types of loads applied to the vertebral segments of the spinal 
column. The first is direct load, in which the load is applied along a single axis, most 
commonly the longitudinal axis and results in compression or elongation loads. The 
second is indirect load, due to the application of the load at a distance in which 
torque/leverage produces a rotation movement. The third is shear load, in which all 
parts of the tissue move equally in the same direction (Farfan, 1973). 

2.3.1.1 Compression and Elongation 

Loads applied along the longitudinal axis of the spinal column are termed 
compression and elongation (Figure 6). In vivo, some compressive loads are present 
due to the action of gravity on the upright spine, but the majority of compressive 
loads are generated by muscle contraction (Dolan et al., 1994; Kingma et al., 2001). 
Compressive loads were initially considered the cause of lumbar IVD herniation, 
until it was determined that the weakest part of a FSU to compression, was the 
vertebral end plate and not the posterior IVD (Farfan & Gracovetsky, 1984). Most in 
vitro biomechanical spinal research still examines the effect of compression, but 
now as a preload to simulate the effect of weight bearing in healthy or damaged 
FSUs (Adams, McMillan, Green, & Dolan, 1996; Miura, Panjabi, & Cripton, 2002; 
Pollintine, Dolan, Tobias, & Adams, 2004; Pollintine, Przybyla, et al., 2004). In 
healthy, unloaded lumbar cadaver FSUs, torsion is mostly limited by anular IVD 
fibres (Farfan et al., 1970; Krismer et al., 1996), but with the addition of 
compression, ZPJs play the major role in resisting torsion (Adams & Hutton, 1981). 
Spinal tolerance to compression reduces with age and degeneration (Sonoda, 1962) 
and as a consequence increased load is borne by the anular fibres and neural arch 
(Oxland, 2016). 
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The effect of movement in the sagittal plane (i.e., flexion and extension) on lumbar 
spinal tissues has been extensively examined. Flexion increases a passive elongation 
load in the posterior ligaments, increases an elastic load in muscles (McGill & 
Kippers, 1994), increases an anterior IVD compressive load and an associated 
anterior anulus bulge. Conversely, extension or a lordotic posture reduces posterior 
ligament elongation and increases neural arch compression, such that the 
proportion of compression on the posterior IVD reduces. The compressive load 
borne by the neural arch components, includes approximation of spinous process 
(Adams, Dolan, & Hutton, 1988) and the inferior margins of the ZPJ. Compressive 
loads at the inferior margin increase from 1% in a ‘neutral’ posture, to 16% in 20 of 
lordosis (Adams & Hutton, 1980). With IVD degeneration, the compressive load 
borne by the neural arch structures increases from a normal 20% up to 90%, 
providing a stress shielding of the degenerative IVD (Pollintine, Przybyla, et al., 
2004). The effect of lumbar movement in the frontal plane (i.e., lateral bending) is 
less well researched. However, biomechanical extrapolation of information from 
the sagittal plane provides some indication of what loads are experienced. The 
lateral width of the lumbar IVD is approximately 50% greater than the 
anteroposterior width, so a sideways movement will cause a 50% greater 
deformation of the outer anulus fibres in comparison to what movements in the 
sagittal plane cause. Likewise, high concentration of compressive loads would be 
expected in the ipsilateral ZPJ and elongation in the contralateral capsule and 
ligaments (McNally, Adams, & Goodship, 1993). 

In the upper cervical spine, flexion is limited by elongation in the posterior muscles 
and anterior compression of the submandibular tissues against the throat, with 
compression also occurring on the lateral facets of the atlas between the head and 
axis. Extension is limited by compression of the suboccipital musculature, impaction 
of the atlas against the odontoid process and the transverse and alar ligaments as 
they limit forward movement of the atlas. In the mid and lower cervical spine, 
flexion is limited by elongation in the posterior longitudinal ligament, ligamentum 
flavum, ZPJ capsules and interspinous ligaments. Extension is initially limited by 

 

 
Figure 6. Loads of spinal compression and 
elongation. Adapted from (Moore et al., 
2006) 

Figure 7. Spinal loads of torque and 
shear. Adapted from (Moore et al., 2006) 
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elongation in the anterior longitudinal ligament, anulus fibrosus and ultimately by 
compression of the spinous process or laminae (Bogduk & Mercer, 2000). Tested as 
a whole cervical spinal unit, the interspinous ligaments played the major role in 
limiting flexion (48%) and the ZPJs played the major role in limiting extension (47%) 
(Przybyla, 2005). 

2.3.1.2 Torque  

Torque is an applied load that results in a rotatory movement (Figure 7). Following 
the recognition that compression wasn’t a major contributor to lumbar IVD 
degeneration, research focus shifted to the effect of torque loads. Farfan (1973) 
noted in the case of the lumbar spine, that together the IVD, posterior and anterior 
longitudinal ligaments contributed 50% of the resistance load to rotation, the 
ipsilateral ZPJ articulation and contralateral ZPJ capsule 40%, and the supraspinous 
and interspinous ligaments contributed the remainder (Farfan, 1973). Tissues 
furthest from the point of rotation will experience the greatest loads. In the lumbar 
spine it was concluded that the tissues first to rupture during rotation, would be the 
supraspinous and interspinous ligaments (Farfan et al., 1970). The same author 
noted that with the addition of compression to an intact lumbar spinal segment, 
torque resistance increased by nearly 50% due to increased contribution from the 
ZPJs (Farfan et al., 1970). Conversely, this would indicate that in an unloaded 
lumbar spine such as in a recumbent position, the spine would receive less 
assistance from the ZPJs to resist rotatory movements and most of torque loads 
would be borne by viscoelastic tissues like ligaments. In the cervical spine, there are 
no anular fibres in the posterior portion of the IVD, rather a horizontal cleft which 
facilitates rotation. As a result of this anatomical variation and the oblique ZPJ 
alignment in the cervical spine, torque loads result in a much greater range of 
rotation in the cervical spine. Resistance to rotation in the cervical spine is provided 
by muscle contraction when conscious and passive structures, like ligaments and 
joint capsules when unconscious (Bogduk & Mercer, 2000; Przybyla, 2005). 

2.3.1.3 Shear 

The application of a shear load causes all parts of a tissue to move equally in the 
same direction and the resulting movement is termed translation (Figure 7). 
Anatomical orientation of spinal column ligaments and IVD collagen fibres means 
their role minimal in resisting shear loads. Muscle fibre orientation in the lumbar 
spine makes the erector spinae capable of resisting shear loads (Potvin, Norman, & 
McGill, 1991), but this is unlikely to occur while asleep or resting due to limited 
muscle activity. 

Shear loads are largely attenuated by the bony vertebral arch (Cyron & Hutton, 
1981). It has been demonstrated that cumulative exposure to the loads of 
compression and shear, predisposed the spine to injury and was a risk factor for 
spinal symptoms (Kumar, 1990). Importantly, these loads need not be large and 
there is the potential for small loads applied over longer periods of time, to become 
a source of tissue provocation and symptoms. 
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2.3.1.4 Effects of a Low Compression Environment 

Movement of cervical and lumbar spine FSUs into flexion, extension and lateral 
bending are non-linear (see Section 2.3.4.1.3), while lumbar rotation and shear are 
near linear (Oxland, 2016). The largely non-linear behaviour led to the term ‘neutral 
zone,’ which is a region of free play. In the neutral zone, the FSU has low stiffness, 
high joint laxity and a higher sensitivity to injury (Oxland & Panjabi, 1992). The 
neutral zone is much larger in the cervical spine than the lumbar spine, due to 
morphology and increased range of motion, with approximately 7o of movement 
available per segment in each plane (Wen, Lavaste, Santin, & Lassau, 1993). 

When lying down, the two key compressive loads of muscle contraction and gravity 
are minimal, creating a low compression environment. The lack of compressive load 
on the spine when lying down, combined with the low stiffness and high joint laxity 
of the neutral zone, could leave the spine vulnerable to provocative loads caused by 
sustained or repeated non-supportive sleep postures. It is possible this effect would 
be greater in the cervical spine due to a larger neutral zone and greater reliance on 
passive restraints. It has been shown by Rohlmann, Petersen, Schwachmeyer, 
Graichen, and Bergmann (2012), that without isometric muscle contraction, lumbar 
spine load as measured by in vivo telemeterised vertebral body implants was nearly 
twice as high as compared to when an isometric muscle contraction was generated. 
Loads were assessed when moving from side lying to supine to side lying and side 
lying to prone to side lying, highlighting the important role muscle contraction has 
in absorbing loads that otherwise increase the load on passive structures, even 
when lying down. 

2.3.1.5 Role of Coupled Motion 

The concept of coupled motion was first explored in 1903, when it was observed in 
a lordotic lumbar spine that lateral bending induced an axial rotation in the 
contralateral direction (Lovett, 1903). When sleeping in right side lying on a firm 
mattress, support is mostly provided at the right hip and shoulder, resulting in a left 
lumbar lateral bending, due to the differences in the width of the waist and hip. 
Accordingly a right coupled rotation would occur (Gracovetsky, 1987). In the mid 
and lower cervical spine, it is generally agreed that a movement of lateral bending 
induces a coupled ipsilateral movement of rotation (White & Panjabi, 1990), but 
that the coupled motion between the second and third cervical vertebrae is in a 
contralateral direction (Bogduk & Mercer, 2000). 

In addition to an increased cervical neutral zone and greater reliance on passive 
restraints, coupled motion may explain in part why waking symptoms of cervical 
pain can be more severe than lumbar pain (e.g. acute cervical torticollis). For 
example, when a person is lying on their right side, their lumbar spine is concave on 
the left in the frontal plane (Leilnahari et al., 2011), which will induce a coupled 
motion of trunk right rotation in the horizontal plane. With advancement of the top 
thigh into flexion, this will also create right lumbar rotation with the result being the 
two rotation loads are occurring in the same direction. The rotation load could be 
accentuated by a harder bed and by a greater waist to hip ratio, because both 
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increase the degree of lateral bend and as a consequence, the degree of coupled 
rotation. 

Coupled motion in the cervical spine is different because the cervical spine is usually 
resting on a pillow. When lying on the right side, if there is a lack of support 
provided by the pillow to the mid cervical spine, it will dip towards the mattress 
resulting in lateral bend to the left. Gordon and Grimmer-Somers (2010) reported 
that of all pillows evaluated, feather pillow users consistently report low levels of 
pillow comfort and sleep quality, which may have been due to the lack of cervical 
support provided by the feather pillows. A similar effect could occur when sleeping 
on a wedge or peanut pillow that pushed the head into lateral bending without 
supporting the neck. In the low and mid cervical spine, the coupled motion of 
rotation is towards the same side as lateral bending, which would result in left 
cervical rotation. In the example described of someone sleeping in right side lying, 
coupled motion of rotation to the right, starting in the lumbar spine will extend into 
the thoracic spine (Panjabi & Brand, 1976). However, the cervical spine coupled 
rotation in this example is to the left. Consequently, the coupled rotations of the 
lumbar and cervical spine in right side lying are in different directions, with the 
potential for tissue provocation and symptoms. With a greater range of motion and 
increased neutral zone when lying down, it is possible the cervical spine is more 
vulnerable than the lumbar spine. Using admission and discharge magnetic 
resonance imaging (MRI) scans, Gubin, Ulrich, Taschilkin, and Yalfimov (2009) noted 
in children presenting with waking symptoms of acute onset stiff neck, all had a 
wedge of swollen tissue represented by a high intensity signal between the second 
and third, or third and fourth cervical uncovertebral joints on the painful side. The 
authors proposed that this wedge represented an area of strangulated vascular 
tissue, which subsequently resolved on imaging with a correlated reduction in pain 
and normalisation of cervical movements. 

2.3.2 Collagen Stress-Strain Response 

Biological tissues like bone, cartilage, IVD, ligament or muscle, respond to applied 
external load in a similar way because of their common collagen building block. 
Collagen consists of tropocollagen molecules, that when grouped in ever larger 
quantities are progressively called collagen fibrils and then collagen fibres. Collagen 
fibres are bound together with proteoglycans and water (Adams et al., 2006). The 
stress-strain response of collagen fibres to load involves two features, material non-
linearity and viscoelastic dissipation. A biological tissue is called non-linear because 
the stiffness of the collagen varies as the applied load changes and stiffness is a 
measure on how strongly a tissue resists being deformed (Adams et al., 2006). 

2.3.2.1 Variability 

2.3.2.1.1 Collagen Quality 

Not all collagen is of the same biological quality or stiffness. As the biological quality 
varies, a tissue’s ability to recover following load application will vary. Factors 
including age, gender, ethnicity, genetic disorders, previous injury and temperature 
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influence the stiffness of collagen. Tissue elasticity is greatest at birth, declining 
rapidly through childhood and then at a slower rate in the low back (Iida et al., 
2002) and neck (Mattucci et al., 2012) with increasing age. As a result of a sustained 
posture, tissues will also take longer to resume their normal length with increasing 
age and in the case of ligaments, their protective function will be limited until 
normal length is recovered. Females have greater elasticity than males across all 
age groups and as a result, increased creep has been documented in females 
(Solomonow, Baratta, et al., 2003). Epidemiology studies indicate hypermobility 
exists in less than 10% of the population (Larsson, Baum, & Mudholkar, 1987), but 
has been found to be higher in certain populations; 25.4% in Iraqi students (Al-Rawi, 
Al-Aszawi, & Al-Chalabi, 1985) and 43% in West Africans (Birrell, Adebajo, 
Hazleman, & Silman, 1994). Heritable connective tissue disorders like Marfan 
syndrome, Ehlers-Danlos syndrome and osteogenesis imperfecta all have increased 
laxity that impairs the protective functions of collagenous tissues (Simmonds & 
Keer, 2007). Collagenous tissues when injured have the ability to heal 
spontaneously, but the resultant scar tissue is almost always mechanically inferior 
and therefore less able to resist future loads (Mast, 1997). For example, previously 
injured IVDs were found to have an average torque load to failure of nearly half that 
of a normal IVD and that injured joints never regained more that 60% of normal 
torque strength (Farfan et al., 1970). Porcine lumbar ligaments, which have similar 
properties to human ligaments, when subjected to load have a strong temperature 
dependence (Hukins, Kirby, Sikoryn, Aspden, & Cox, 1990). When load is applied, 
peak loads increase as temperature decreases (Bass et al., 2007). 

2.3.2.1.2 Sleep Posture and Spinal Load 

Through the course of the night, changes in sleep posture will influence the amount 
of load spinal tissues are exposed to and for some individuals, theoretically the load 
may not reach their symptom threshold (Figure 8A), possibly due to a larger safety 
buffer as a result of higher quality collagen. An individual’s safety buffer will be 
influenced by many factors, as previously discussed in Section 2.3.2.1.1. 
Theoretically, this means people with a smaller safety buffer but the same sleeping 
posture routine, will result in their symptom threshold being breached sooner. It 
should be noted that individuals have different sleep routines, however they mostly 
repeat them regularly from night to night (Chen, Guo, Shen, & Liu, 2013b; Deun et 
al., 2012; Kubota et al., 2003; Verhaert et al., 2009, August). In practical terms, not 
all sleep postures will subject spinal structures to the same load and as a result 
some sleep postures will cause higher loads, while other sleep postures a smaller 
load (Figure 8B). However, it is plausible that people with lower quality collagen are 
more likely to experience waking symptoms if sleeping in postures that increase 
spinal load. Sleep posture routines can also be influenced by sleep systems and this 
is discussed in Section 2.5.5.4. 
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Figure 8. Biomechanical loading logic. A. Theoretical spinal load sequence experienced 
during sleep, staying below threshold and not resulting in symptoms. B. Practical spinal 
load sequence representing different sleep postures causing variable loads, with some 
passing through threshold and provoking symptoms. Adapted from (Marras, 2000). 

2.3.2.2 Stress-Strain Curve 

The stress-strain or load-deformation curve, is a graphical representation 
incorporating a stress load (e.g., applied load elongation/compression) and a strain 
response (e.g., being deformation) (Figure 9). The stress-strain curve is common to 
collagen fibres as well as tissues comprised of collagen fibres. It is typically shaped 
like an ‘S’, and divided into three parts; toe phase, elastic phase and plastic phase or 
point of failure (Figure 9). The stress-strain curve represents the ability of a tissue to 
resist deformation and relates to the stiffness of the tissue. Stiffness is calculated by 
the gradient of the curve, with stiffer tissues having a steeper gradient (Adams et 
al., 2006). 

At rest, collagen fibres are wavy. This arrangement of fibres is termed crimp and 
with the application of load, a straightening effect occurs. This non-linear response 
occurs in the toe phase, where deformation of collagen fibres increases rapidly with 
minimal load, indicating the tissue has low stiffness. The transition from the toe 
phase to the elastic phase occurs around 3% collagen elongation and represents the 
maximal point of strain reached by most activities of daily living (Bogduk & Twomey, 
1987). In testing single rat collagen fibres, crimp completely disappeared before 3% 
(95% CI: 2.0, 2.8%) strain was reached (Hansen, Weiss, & Barton, 2002). After the 



Chapter 2. Background 

45 

point at which all crimp is removed (crimp extinction), further increases of load 
involve greater recruitment of stretched collagen fibres to resist the increasing 
mechanical strain (Adams et al., 2006). Stiffness at this point is constant and 
increases in load are matched by relative increases in deformation. In this elastic or 
linear phase, micro failure within the tissue begins to occur. Torsion strain tests on 
lumbar spine segments demonstrate the visual expression of fluids from the 
vertebral body in the early elastic phase (Farfan, 1973). With progression from the 
elastic into the final plastic phase, a significant number of the chemical bonds 
between collagen fibres have already broken. As a result, smaller increases of load 
will result in proportionally greater collagen elongation, until the point of ultimate 
failure (Thomopoulos & Genin, 2012). 

2.3.2.3 Collagen Viscoelastic Properties 

In addition to the mechanical non-linear response to load, collagen tissues display 
viscoelastic properties, that is having characteristics of both elastic solids and 
viscous fluids, which are time-dependent. For this reason, to fully understand the 
mechanical properties of collagenous tissues, in addition to the quantity of load, 
loading history and time also need to be considered. Typical features of viscoelastic 
materials include creep and hysteresis (Thomopoulos & Genin, 2012). 

2.3.2.3.1 Creep 

Creep is a time dependent deformation of tissue under constant load (Adams et al., 
2006) (Figure 10). The reasons for creep are not conclusive, but are believed to be 
related to the re-arrangement of collagen fibres, proteoglycans, elastin, ground 

 

Figure 9. Collagen Stress Strain Curve. Under load, the stress–deformation relationship of 
a biological tissue (e.g., ligament) is initially nonlinear. The 'toe phase' in which rapid 
deformation occurs with increases in stress, indicates low stiffness. With additional load 
a linear region 'elastic phase' is reached in which stiffness is constant, and finally reduces 
in slope during the plastic phase, as the tissue stiffness begins to fail and finally reaching 
its ultimate strength and subsequent failure. Adapted from (PitchingNow, 2014). 
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substance and the displacement of water from the loaded tissue. The stress-strain 
curve represents the non-linear response of collagen to the application of increasing  

load in a research context to the point of failure. However, in day to day activities 
this point is rarely reached. More commonly, the transition from toe to elastic 
phase is reached and maintained. For example, slumped sitting represents the end 
range of the spinal joints, resisted by collagenous ligaments and joint capsules. In 
asymptomatic individuals (N = 20, 10 females), full flexion range was found by Shin, 
D’souza, and Liu (2009) to be significantly different after 5 minutes (3.3% increase, p 
= .008) of standing forward flexion. In another study (N = 49, 24 females), it was 
reported after 10 minutes of long sitting flexion, there were also significant 
increases in flexion (males 2.0%, female 4.4%, p < .001) (Solomonow, Baratta, et al., 
2003). 

Studies examining creep have applied loads from several minutes to an hour and 
the response is different for different collagenous tissues. Sustained load to the 
supraspinous/interspinous lumbar ligaments, results in rapid elongation within 
minutes (Yahia, Audet, & Drouin, 1991). However with sustained loads applied to 
IVDs, creep occurs over several hours as fluid volumes are redistributed and 
equilibrium is reached (McMillan, Garbutt, & Adams, 1996). Practically, in the case 
of spinal flexion this means that sustained loads into flexion will proportionally have 
a greater effect on the posterior longitudinal and interspinous ligaments, with the 
result being that the protective capacity of these ligaments is reduced. 

While creep is usually associated with sustained load, it also occurs with repeated 
movements. Repeated mechanical loading of the spine is believed to result in the 
development of cumulative trauma disorder (Marras, 2000). Using feline lumbar 
spines exposed to 10 minutes sustained flexion followed by 10 minutes rest and 

 

 

Figure 10. Creep curve for biological 
tissues. When a constant load is initially 
applied to a biological tissue, there is an 
immediate elastic deformation. If the 
constant load continues, further tissue 
deformation occurs as water is expelled 
from the tissue. This expulsion is initially 
rapid but gradually slows as an equilibrium 
is reached. Adapted (Adams et al., 2006). 

Figure 11. Stress-strain curve with 
hysteresis. A typical stress-strain curve of a 
biological tissue during the loading and 
unloading application of a non-damaging 
load. The blue shaded area represents the 
work undergone to deform the tissue. 
Adapted from (Adams et al., 2006). 
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repeated three times, Solomonow, Zhou, Baratta, and Burger (2003) found that 
viscoelastic tissues did not fully recover under an equal ratio of load and rest, nor 
after a period of 7 hours of mechanical rest. They found muscle spasms and  

muscle hyperexcitabilities were associated with creep in the lumbar viscoelastic 
tissues. Creep is not just the result of muscle fatigue. In cadaveric spines subjected 
to sustained or repeated loads, it was found that 5 minutes of sustained full flexion 
reduced resistance to further flexion by 42%. When 100 repeated full flexion 
movements were applied in the same time frame, resistance to further flexion was 
reduced by 17% (Adams & Dolan, 1996). It would seem that following a period of 
sustained or repeated loadings, collagenous tissues experience creep that may 
require a rest ratio greater than the load ratio and that in an in vivo situation, creep 
is associated with muscle hyperexcitability and spasm. 

2.3.2.3.2 Hysteresis 

As a biological tissue is loaded, the response of that tissue is characterised by a 
stress-strain curve. However, during unloading, tissue undergoes a different curve, 
such that restoration of the tissue’s original length is slower than the initial loading 
time (Figure 11). A perfectly elastic tissue would immediately return to the original 
position, however biological tissues are not perfectly elastic and energy is lost in the 
form of heat between load application and load removal (Adams et al., 2006). 
Displaced water, re-arranged collagen fibres and proteoglycans and the possible 
breakage of chemical bonds, all require energy and time to reverse and recover. 
This difference in tissue behaviour between loading and unloading is called 
hysteresis, and the amount of difference is called a set (Figure 11). 

2.3.2.3.3 Fatigue Failure 

Structures can be damaged as a result of the application of a high load once, or 
much smaller loads applied many times (Figure 12). Fatigue failure occurs when 

 

Figure 12. A graph of fatigue failure of collagen tissue under repeated loading. 
Adapted from (Adams et al., 2006) 
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repeated application of small loads results in tissue micro damage (i.e., small plastic 
deformations), too small to be detected if only applied once. However, the 
repeated application results in an accumulation of load that can cause complete 
structure failure, even though the final applied load was small (Adams et al., 2006; 
Kumar, 1990, 2001). Each individual has a repeated routine of sleep postures, 
resulting in common tissue loading each night. It has been proposed that chronic 
tendon stress (i.e., compression), as a result of sleeping with the arm abducted, 
could be responsible for chronic tendinopathy of the rotator cuff, nocturnal 
shoulder pain and possibly spontaneous rotator cuff rupture (Gorski, 2018). 

2.3.2.3.4 Clinical Relevance of Creep, Hysteresis and Fatigue Failure 

The biomechanical concepts of creep, hysteresis and fatigue failure following 
sustained or repeated cycles of loading and unloading, have important clinical 
consequences with respect to sleep postures. While creep is a reversible and an 
entirely normal physiological response to load, repeated and/or sustained loads do 
result in tissue changes like hysteresis and fatigue failure, and have been associated 
with abnormal muscle activity. From a young age, humans develop and consolidate 
a regular routine of repeated sleeping postures throughout the night, involving both 
sustained and repeated postures. Authors have proposed that the repeated 
application of low loads over time to the spine, can have a cumulative effect, 
overload collagenous tissues (Kumar, 2001; Marras, 2000) and contribute to injuries 
(Gorski, 2018). It has been noted, that participants over 18 years of age, on average 
change their posture between 2.1 and 3.6 times per hour (De Koninck et al., 1992). 
This indicates that sleep postures are commonly sustained for periods of greater 
than 15 minutes, a time frame in which in vitro (Yahia et al., 1991) and in vivo 
(Solomonow, Baratta, et al., 2003) viscoelastic spinal collagenous tissue creep has 
been demonstrated. 

Some sleep postures will be supportive of collagenous spinal tissues, while others 
will increase spinal tissue loading. Relationships between biomechanical creep and 
spinal symptoms in relation to sustained and repeated low loading, have been 
extensively explored using in vivo designs with healthy human and feline groups 
(Solomonow, 2012; Solomonow, Baratta, et al., 2003; Solomonow, Zhou, et al., 
2003; Solomonow, Zhou, Lu, & King, 2012). Under sustained rotation loading for 10 
minutes in sitting, viscoelastic creep was demonstrated in vivo in asymptomatic 
males (N = 16) (Shan et al., 2013). In addition to observing a significant increase in 
trunk axial rotation (M = 10.50, SD = 5.2, p < .001), the authors also reported a 
significant increase in lumbar pain measured using a visual analogue scale (VAS) (M 
= 45.1, SD 10.6, p < .001). In another experiment, asymptomatic human participants 
remained in long sitting for 10 minutes and more than 50% of participants 
consequently developed muscle spasms (Solomonow, Baratta, et al., 2003). The 
authors suggested this was indicative of micro-damage to viscoelastic tissues and 
explored this relationship in feline spines. After calibration, feline spines were 
exposed to 10 minutes of sustained flexion (20 and 60 Nm), followed by 10 minutes 
of unloaded rest which was repeated six times after which the spines were rested 
for 7 hours (Solomonow, 2012). Ligaments were harvested from loaded and non-
loaded spinal segments after the recovery period. The author reported significant 
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increases in a range of pro-inflammatory chemicals expressed during the recovery 
period, indicating acute inflammation and tissue damage in ligaments subjected to 
the cyclic loading, compared with the control ligaments from the same spine. The 
author also noted significant increases in muscle activity during the recovery period, 
which increased with increases in load, increases in the number of repetitions, and 
decreased during rest periods. 

2.3.3 Summary of Section 2.3 Spine Biomechanics 

In Section 2.3. Spine Biomechanics, the types of loads acting on the human spinal 
column and how collagen containing tissues like ligaments, IVDs and capsules, 
undergo predictable mechanical and viscoelastic changes in response to a single 
sustained or repeated load were discussed. Not all collagenous tissues are equal in 
biological quality, with many factors influencing their elastic stiffness including age, 
gender, genetics, ethnicity, temperature and prior injury. This means that under 
similar load situations, collagenous tissues may respond differently. When 
recumbent, there is less gravity compression and when asleep, less muscle 
compression, with the overall result being that the normal restraints to elongation 
loads are less effective and loads on collagenous tissues increase. This reduction in 
compression leaves viscoelastic tissues vulnerable to sustained and/or repeated 
loading. Sustained and/or repeated loads causing 3% or greater elongation, have 
resulted in collagenous tissue micro-damage. Micro-damage has been associated 
with an increased expression of pro-inflammatory cytokines in animal studies and 
muscle spasms in both human and animal studies. The presence of pro-
inflammatory cytokines, would likely result in the clinical presence of symptoms like 
pain, stiffness and bothersomeness. Quality of sleep may as a result be also 
impacted. 

In the next section of Chapter 2., Spine Symptoms, the types of clinical symptoms 
and specific anatomical structures with the potential to generate spinal symptoms 
are discussed.   
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2.4 Spine Symptoms 

2.4.1 Types of Clinical Spine Symptoms 

A range of symptoms (e.g., pain, stiffness and bothersomeness) and quality of sleep 
have been used as clinical measures to evaluate spinal load. Researchers collecting 
self-reported waking cervical symptoms of pain, stiffness and quality of sleep at two 
time points 18 months apart, found that self-report was consistent for healthy 
adults (Gordon & Grimmer-Sommers, 2011). Another study by the same authors 
found participants that woke with one symptom (e.g., pain), were significantly more 
likely to wake with a second symptom (e.g., stiffness) (OR 19.2 (95% CI: 12.5, 29.9)) 
(Gordon et al., 2002). More recently the concept of bothersomeness of pain has 
also been studied in relation to spinal symptoms (Cho et al., 2013; Dunn & Croft, 
2005; Stewart, Maher, Refshauge, Herbert, et al., 2007). 

2.4.1.1 Pain 

Pain is defined by the International Association for the Study of Pain, as an 
unpleasant sensory and emotional experience associated with actual or potential 
tissue damage (PainAustralia, 2017). The lifetime prevalence of spinal pain in the 
general population has been estimated as 66%, with 44% in the cervical spine and 
56% in the lumbar spine (Linton, Hellsing, & Halldén, 1998). Others have reported a 
one-year point prevalence in the general population ranging from 30% to 50% for 
cervical pain (Hogg-Johnson et al., 2008) and a lifetime prevalence of 66% for 
cervical pain (Rubin, 2007). A one-year point prevalence of 20% to 60% and a 60% 
to 80% lifetime prevalence of non-specific lumbar pain has been reported in 
industrialised countries (Adams et al., 2006; Hoy et al., 2012). Both cervical and 
lumbar pain peak in mid-life, are more common in women than men, have 
increased markedly in incidence and disability over the past 25 years and are 
expected to continue rising (Hurwitz et al., 2018). Cervical and lumbar pain 
contribute to large economic and societal costs and are major sources of work 
disability (Ekman, Johnell, & Lidgren, 2005; Wasiak, Kim, & Pransky, 2006). Research 
indicates that remissions in symptoms are temporary rather than permanent (Croft 
et al., 2001; Hestbaek, Leboeuf-Yde, Kyvik, & Manniche, 2006) and chronic cervical 
and lumbar pain develops in 25% to 60% of patients (Manchikanti, Singh, Datta, 
Cohen, & Hirsch, 2009). 

Risk factors for spinal pain have been grouped into personal factors; age, gender, 
socioeconomic status, tobacco use, body mass index (BMI), psychological factors 
like depression and physical risk factors (Rubin, 2007). Physical risk factors for 
lumbar pain include sitting (Andersson, 1981; Kelsey & White, 1980; Magora, 1974; 
Williams, Hawley, McKenzie, & van Wijmen, 1991), bending (Boissonnault & Di 
Fabio, 1996), lifting and vibration (Bovenzi & Hulshof, 1999; Magnusson, Pope, 
Wilder, & Areskoug, 1996; Teschke, Nicol, Davies, & Ju, 1999). Physical risk factors 
for cervical pain include trauma (Holly et al., 2002), cervical flexion (Grimmer, 1996; 
Hanten, Olson, Russell, Lucio, & Campbell, 2000), arm load, arm posture, duration 
of sitting, twisting of the trunk, hand-arm vibration and workplace design (Ariens, 
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Van Mechelen, Bongers, Bouter, & Van Der Wal, 2000). These physical risk factors 
for cervical and lumbar pain all have a common theme, they relate to erect, day-
time postures. 

Nociceptive stimuli are conveyed by small diameter (myelinated and unmyelinated) 
nerve fibres in response to noxious stimuli in their target tissue. Nerves themselves 
do not normally generate impulse signals, rather signals arise from target tissues 
and nerves convey the high threshold impulse. However, it has been demonstrated 
that the nervi nervorum of nerves can generate pain signals without any nerve 
damage or loss of function, if the nerve is inflamed (Bove, Ransil, Lin, & Leem, 2003) 
or if the axoplasmic flow in the nerve is restricted (Dilley & Bove, 2008a) and then 
subjected to mechanical stimulation (Figure 13). Pro-inflammatory chemicals have 
been identified in viscoelastic tissues subjected to creep as a result of exposure to 
sustained and/or repeated low load as discussed in Section 2.3.2.3.3. In addition to 
viscoelastic tissues being damaged as a result of creep, released pro-inflammatory 
chemicals may also sensitise adjoining neural structures and cause the generation 
of pain signals. 

2.4.1.2 Stiffness 

Stiffness is defined in biomechanics as the rigidity of a tissue, or how well a tissue is 
able to resist deformation in response to an applied load (Adams et al., 2006). 
Conversely the more pliable a tissue, the less stiffness it exhibits. Subjectively, 
stiffness is the experience of limited movement. Prior authors conducted two 
complementary experiments, measuring the lumbar range of flexion in healthy 
participants (N = 21) and equating it to changing IVD height, observed when testing 
whole lumbar cadaveric functional spinal units (N = 19). They measured 
participants’ spinal flexion morning and night and noted an increase in flexion (M = 
150) as the day progressed. In the cadaver experiment, 6 hours of creep 

 

Figure 13. Neural Mechanical Sensitivity. A. Components required for mechanical 
sensitivity are transported from the cell body of a single C-fibre neuron to the periphery 
for insertion at the terminals. B. Blocking axoplasmic transport leads to the accumulation 
and insertion of mechanosensitive components proximal to the site of axoplasmic 
blockade. Mechanical stimulation of the axon membrane therefore becomes an effective 
stimulus to generate action potentials that pass in both directions along the axon 
(denoted by arrows) (Dilley & Bove, 2008a). 
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compression loading was applied to represent gravity. Whole of lumbar spine 
flexion was measured before and after the 6 hours creep loading and the authors 
noted an increase in flexion (M = 22.50). The participant’s improvements in lumbar 
flexion were attributed to a reduced IVD volume and subsequent approximation of 
the vertebrae. With vertebral approximation, the posterior anular fibres and 
posterior ligaments were relatively relaxed, enabling a greater range of flexion. The 
authors’ conclusion was that forward bending movements in the early morning, 
subject the lumbar spine to higher bending stresses as a result of increased tissue 
stiffness and make the lumbar IVD and ligaments more vulnerable to injury (Adams, 
Dolan, & Hutton, 1987). This has been acknowledged by others (Marras, 2000) and 
limiting morning flexion has been shown to reduce LBP onset (Snook, Webster, 
McGorry, Fogleman, & McCann, 1998). Two other important points are worth 
noting when focusing on IVD volume and spine stiffness. Firstly, the temporal rate 
of spine height change is not uniform, with a rapid 26% whole of spine height loss 
occurring in the first 1 hour (Krag, Cohen, Haugh, & Pope, 1990) and 63% within the 
first 2 hours of assuming an upright posture (Krag et al., 1990). Secondly, the 
change in range of movement is not the same for different movements. In healthy 
participants aged 18 to 22 years of age (N = 12), it was reported that after 8 hours 
of lying down, there was a significant reduction in spine flexion but not rotation or 
extension (Wing, Tsang, Gagnon, Susak, & Gagnon, 1992). 

Increased spinal stiffness has also been associated with augmented muscle activity 
in participants with LBP (Arendt-Nielsen, Graven-Nielsen, Svarrer, & Svensson, 
1996; Radebold, Cholewicki, Panjabi, & Patel, 2000). For example, it was reported 
that compared to healthy participants, participants with recurrent LBP 
demonstrated increased spinal stiffness into flexion, when subjected to spinal 
perturbations (Hodges, van den Hoorn, Dawson, & Cholewicki, 2009). The increased 
muscle activity may be a protective reaction to support injured bony and soft 
tissues (Panjabi, 1992) or to prevent further injury (van Dieën, Cholewicki, & 
Radebold, 2003). Further, the perceived threat of pain may also increase muscle 
activity and spinal stiffness (Hodges et al., 2009). 

Cervical stiffness produced during the night or not relieved on waking, is the most 
common complaint reported by healthy participants sleeping on their own pillow 
(Gordon & Grimmer-Somers, 2010). These subjective reports of waking cervical 
stiffness are clinically observed to be greatest first thing on waking and to improve 
in most people over the next few hours (Gordon et al., 2002). This self-reported 
stiffness could be due to an increased IVD volume as described before, or it could 
be augmented muscle activity secondary to pain caused by nocturnal postural stress 
(Gordon et al., 2002). Measuring in vivo active and passive movements of the 
cervical (Dvorak, Antinnes, Panjabi, Loustalot, & Bonomo, 1992) and lumbar spine 
(Dvorak, Vajda, Grob, & Panjabi, 1995), researchers noted that all active spinal 
movements were less than their corresponding passive movement, movements 
were less first thing in the morning and that older participants had less range of 
movement than younger participants. However, in vitro examinations of FSUs with 
advanced lumbar disc degeneration, have shown only slight decreases in flexion, 
extension and lateral bending, with slight increases in rotation, when compared 
with spinal units exhibiting minimal disc degeneration (Kettler, Rohlmann, Ring, 
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Mack, & Wilke, 2011; Mimura et al., 1994). As a result of the above findings, Oxland 
(2016) believes the reduced in vivo passive range and reduced range with increasing 
age, may be due to augmented protective muscular activity, rather than a loss of 
passive spinal column flexibility due to disc degeneration. Such protective 
neuromuscular activity, has been observed in feline spines subjected to sustained 
and repeated low loads (Solomonow, 2012; Solomonow, Zhou, et al., 2003) and also 
in in vivo experiments on healthy humans (Solomonow, Baratta, et al., 2003). 

In summary, it is possible that the experience of morning stiffness on flexion, is due 
to an increased IVD volume with an associated increased elongation in the posterior 
anular IVD fibres and the posterior ligaments, and/or a protective neuromuscular 
response triggered by the release of pro-inflammatory chemicals from damaged 
spinal tissues. 

2.4.1.3 Bothersomeness 

The term ‘bother’ was originally used to assess symptom severity in patients with 
asthma (e.g., “how much bother does wheezing cause?”) (Steen et al., 1994, p. 309) 
and then adapted for musculoskeletal conditions. Bothersomeness was included in 
a study analysing health outcome measures in patients with sciatica (e.g., 
“bothersomeness of leg pain” and scored from zero (not bothersome) to six 
(extremely bothersome)) (Patrick et al., 1995). A sciatic bothersomeness index, was 
created by summing together the bothersomness of four factors; leg pain, leg 
paraesthesia, leg weakness and back or leg pain while sitting, creating a maximin 
score of 24. The summed bothersome index was found to have good internal 
consistency, construct validity and was responsive to clinical changes (Patrick et al., 
1995). An international group of back pain researchers included bothersomeness in 
a list of recommended outcome measures, to be considered by researchers and 
clinicians investigating LBP (Deyo et al., 1998, p. 2005). They recommended using 
the phrase “During the past week, how bothersome have the following symptoms 
been? a) Low back pain, b) Leg pain (sciatica)”. In this context bothersomeness was 
scored from one (not at all bothersome) to five (extremely bothersome). As part of 
a randomised clinical trial examining participants with whiplash associated disorder, 
a range of pain measures were evaluated which included pain intensity, pain 
bothersomeness and the SF36 bodily pain sore (Stewart, Maher, Refshauge, 
Bogduk, & Nicholas, 2007). Using a numerical rating scale (NRS), pain 
bothersomeness was scored from 0 to 10 and was found to be significantly more 
responsive than the pain intensity NRS, VAS and the SF36 bodily pain score. Most 
recently bothersomeness was used in a study examining the effect of acupuncture 
on chronic low back pain (cLBP). Pain intensity and bothersomeness were used in a 
VAS format (i.e., 0 is the absence of bothersomeness and 10, the worst 
bothersomeness imaginable). In this study the term bothersomeness was used, not 
pain bothersomeness and the bothersomeness VAS was chosen by the authors as 
the primary outcome measure, to “understand the impact of cLBP on the patients’ 
life” (Cho et al., 2013, p. 551) and pain intensity VAS was the secondary outcome. 
The use of the term bothersomeness, which evolved from use in respiratory 
research to use in musculoskeletal research as an outcome measure, would seem to 
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provide additional data to that provided by other more commonly used outcome 
measures like pain VAS and the SF36 bodily pain score. 

2.4.1.4 Sleep Quality 

The links between sleep quality (i.e., initiation and maintenance of sleep) and spinal 
symptoms like pain, have been extensively explored in the past few decades. 
Essentially, poor quality sleep increases susceptibility to episodes, severity and 
sensitivity of pain (Bigatti, Hernandez, Cronan, & Rand, 2008; Simpson, Scott-
Sutherland, Gautam, Sethna, & Haack, 2018). Consequently in the field of chronic 
pain, reduced sleep quality is recognised as an indicator of centralised 
hypersensitivity (Sterling & Kenardy, 2008) and post-traumatic stress syndrome 
(Stam, 2007). Although the direction of causality is not confirmed and the 
relationship between sleep quality and pain has historically been considered 
bidirectional, several lines of new research point to sleep quality as being the 
antecedent factor (Finan et al., 2013). This is indicated in the insomnia research 
literature, where poor sleep quality is predictive of new pain onsets and 
exacerbation of existing pain (Onen, Alloui, Gross, Eschallier, & Dubray, 2001; 
Sivertsen et al., 2014) in patients with fibromyalgia syndrome (Bigatti et al., 2008), 
temporomandibular joint pain (Quartana, Wickwire, Klick, Grace, & Smith, 2010), 
and with a range of chronic musculoskeletal presentations (Koffel et al., 2016; Tang, 
Goodchild, Sanborn, Howard, & Salkovskis, 2012). There is also growing awareness 
of associations between poor sleep quality and both regional and widespread 
chronic musculoskeletal pain in adolescents (Harrison et al., 2014). Also, in 
adolescents, predictive links between poor sleep quality and cervical and lumbar 
pain in females have been established, specifically, that poor quality sleep is an 
independent risk factor for cervical and lumbar pain (Auvinen et al., 2010; El-
Metwally et al., 2004). Poor quality sleep is also linked with depression (Baglioni et 
al., 2011), motor vehicle accidents (Philip et al., 2010), work place accidents (Daley 
et al., 2009) and large economic costs to society (Economics, 2011). 

Specific sleep quality factors that influence pain have been identified. In a large, 
cross-sectional, population-based cohort, sleep onset latency, sleep efficiency, 
frequency and severity of insomnia, but not sleep duration were significantly 
associated with pain sensitivity (Sivertsen et al., 2015). Similarly, it was reported 
that actigraphically measured sleep efficiency, reliably predicted next day pain 
reports in a group of chronic pain participants with insomnia (Tang et al., 2012). In 
both studies, sleep efficiency was identified as being significantly influential on pain 
sensitivity. Sleep efficiency is defined as the ratio of time spent asleep, compared to 
the total time spent in bed. For this reason, factors that contribute to decreasing an 
individual’s ability to fall asleep and maintain an asleep state, for example spinal 
pain, could be considered factors that might decrease sleep efficiency and therefore 
sleep quality. 

In early research examining quality of sleep and involving self-reported good and 
poor sleepers, it was noted that poor sleepers had more awakenings and were 
awake longer (De Koninck et al., 1983). The researchers concluded that sleep 
posture constituted an important variable and may be related to quality of sleep. 
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Associations between sleep posture and sleep quality have been noted in patients 
with medical conditions like positional obstructive sleep apnoea (OSA), 
(recommended to avoid supine to reduce apnoeic events) (Cartwright, Ristanovic, 
Diaz, Caldarelli, & Alder, 1991), heart burn/indigestion (recommended to sleep 
upright to reduce gastric reflux), asthma (recommended to avoid right side lying as 
it increases vagal tone) (Backon & Kullok, 1990), those with spinal symptoms, like 
lumbar spinal stenosis (recommended to avoid prone) (Goldman, 2005) and waking 
cervicothoracic symptoms (recommended to avoid upright and prone) (Gordon et 
al., 2007a). It seems plausible, that aspects of sleep quality (e.g., sleep efficiency) 
could be associated with sleep posture and that poor sleep quality influences a 
range of musculoskeletal conditions associated with spinal symptoms. 

2.4.2 Potential Sources of Spinal Symptoms 

It has been recognised that biological structures can be damaged through the 
application of a single high load or repeated low loads (Kumar, 1990). See Section 
2.3.2.3.4. In a minimal compression environment, loads applied to the spine are 
primarily limited by soft-collagenous structures like IVDs (Farfan et al., 1970; 
Krismer et al., 1996), ligaments, ZPJ capsules and the elastic component of muscles, 
while hard collagenous structures like ZPJs play a minor role (Adams & Hutton, 
1981). Experimental studies that involve the application of noxious stimuli to ZPJs 
(Bogduk & Marsland, 1988; Schwarzer, Wang, Bogduk, McNaught, & Laurent, 1995), 
interspinous ligaments (Kellgren, 1939), muscles (Feinstein, Langton, Jameson, & 
Schiller, 1954; Travell & Simon, 1999) and the IVDs of asymptomatic and 
symptomatic participants (Saifuddin, Braithwaite, White, Taylor, & Renton, 1998), 
have demonstrated the ability for all of these tissues to produce local and referred 
symptoms. All structures discussed in this section, are innervated by nociceptors 
(Coppes, Marani, Thomeer, & Groen, 1997; Giles & Harvey, 1987; Korkala, 
Grönblad, Liesi, & Karaharju, 1985) and are therefore sensitive to noxious stimuli. 

2.4.2.1 Intervertebral Disc 

Two mechanisms have been associated with IVD injury and degeneration. Firstly, 
excessive mechanical loads and secondly, impaired nutritional supply. 

2.4.2.1.1 Excessive Mechanical Load 

A large amount of whole spine loading and mechanical stability research was 
performed leading up to 1990 (Oxland, 2016). Prior authors have noted that a 
torsion load is applied to the spine in asymmetrical side lying postures (Gracovetsky, 
1987; Verhaert et al., 2012). Subject to the conditions of sustained load as discussed 
in Section 2.3.2.3, this would result in viscoelastic creep in spinal tissues (Panjabi, 
Krag, White, & Southwick, 1977) and two possible outcomes have been proposed. 
Firstly, that the motion segment rotates further and increases the load on the 
anulus fibrosus with possible damage (Farfan & Gracovetsky, 1984), or secondly, the 
motion segment does not rotate further and additional load is borne by the 
compressed ZPJ (White & Panjabi, 1978). For example, one author found that the 
majority of torque load was resisted by the IVD with the remainder resisted by the 
compressed ZPJs (Farfan, 1973). The author noted there was no gross injury to the 
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vertebral body or ZPJs, however, extensive peripheral anulus fibrosus separations 
were identified. Other researchers found that the greatest resistance to torque was 
by the ZPJ and the anular fibres of the IVD were minimally involved (Adams & 
Hutton, 1981). It is likely that degrees of both occur, with the dominant tissue 
resisting the applied torque varying according to age and degree of pre-compressive 
load. In the former study, only two of the 12 specimens were 37 years of age or 
younger and no preload was applied, while in the later, 12 of the 25 specimens 
were 37 years or younger and compression preload was applied. It has been noted 
with increasing age, there is a reduction in ZPJ articular cartilage thickness and 
subsequently a greater range of movement occurs before ZPJ compression limits 
rotation (Adams & Hutton, 1981). In this case the soft tissues are resisting more 
load than the ZPJ. When observing FSUs, motion decreases under compressive load 
which is thought to occur because of increased ZPJ facet approximation (Oxland, 
2016). Other researchers who examined cadaveric spines (M = 30 years), applied 
torque loads without compression and noted these loads were primarily resisted by 
anular IVD fibres resulting in peripheral rim and circumferential lesions (Krismer et 
al., 1996). In summary, in older aged specimens and in specimens without 
compression, a greater proportion of torque load is resisted by the IVD anular fibres 
and less by the ZPJs. It follows that when recumbent, whether young or old in age, a 
greater proportion of torsion load is likely to be attenuated by the IVD because of 
the minimal compression environment. 

Small fissures in the anulus fibrosus near the uncovertebral joints in the cervical 
spine have been noted in children as young as 9 years old (Bogduk & Mercer, 2000). 
It is in this anatomical area that children who developed acute stiff neck during 
prolonged sleep or sudden head movement, were found to have localised irritated 
tissues on MRI (Gubin et al., 2009). Resolution of neck symptoms and improvement 
in range of motion occurred concurrently with normalisation of MRI findings. With 
increasing age these tears progress medially and increase in size so that by the third 
decade, a horizontal cleft spans from each uncovertebral joint, eliminating the 
anulus fibrosus posteriorly and facilitating cervical rotation (Bogduk & Mercer, 
2000). It is possible that a sudden or sustained torsion load could provoke these 
pain sensitive tissues in the cervical IVD. 

2.4.2.1.2 Impaired Nutrition 

Lacking a direct blood supply, the IVD is largely avascular and relies on nutrition 
diffusing from the superficial anular fibres and the vascular tissues of the vertebral 
end plate (Adams et al., 2006). The supply of nutrition to the IVD is considered 
barely adequate at the best of times (Maroudas, Stockwell, Nachemson, & Urban, 
1975; Urban, Holm, Maroudas, & Nachemson, 1982) and impaired nutritional 
supply has been associated with cell death and degenerative changes in IVDs (Bibby, 
Fairbank, Urban, & Urban, 2002; Horner & Urban, 2001; Nachemson, Lewin, 
Maroudas, & Freeman, 1970). 

During the day, gravity, muscle contraction and movements associated with upright 
postures, produce compressive loads that push fluids out of the IVD at a rate of 
approximately 20% over 6 hours (McMillan et al., 1996). Fluid movement occurs via 
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the vertebral end plate and the peripheral anular fibres. When lying down, the 
diurnal pressure gradient is reversed and fluid along with nutrients diffuse back into 
the IVD. The rate of diffusion of nutrients into an area of the IVD is influenced by 
the distance to the nearest blood vessel. This distance is called the diffusion path 
length. Flexion postures increase anterior IVD compression and thickening (0.1 
mm/degree of movement), while at the same time stretching and thinning occurs in 
the posterior anulus (Stokes, 1988). Compared to upright standing extension or 
lumbar lordosis, flexion stretches and thins the posterior anulus by 60% (Pearcy & 
Tibrewal, 1984). This reduces the diffusion path length by thinning the posterior IVD 
and enhances nutrient supply into the posterior region (Adams & Hutton, 1986). 
However, sleeping postures that involve lordosis will potentially have a negative 
effect on the pressure diffusion gradient of the posterior IVD. Spinal extension or a 
lordotic posture, increases the diffusion path length due to a thickened posterior 
IVD with a resultant reduction in nutrient inflow. Further, when comparing IVD 
collagen cells in culture that were subjected to either static load or cyclic load, it 
was noted that collagen and proteoglycan synthesis were inhibited under static load 
(Ishihara, McNally, Urban, & Hall, 1996). As a consequence of sustained postures in 
extension, it is biologically plausible that the optimal flow of nutrients into the IVD 
will be reduced, with potentially important long-term consequences, such as cell 
death and IVD degeneration (Bibby et al., 2002; Horner & Urban, 2001; Nachemson 
et al., 1970). 

2.4.2.2 Zygapophyseal Joints 

Zygapophyseal joints play an important role in guiding and limiting spinal 
movements and are therefore a potential source of cervical and lumbar pain. 
Articular hyaline cartilage covers the surface of ZPJs and is a poroelastic material 
with a high-water content, enabling it to distribute loads evenly. After the 
application of a short duration load, poroelastic tissues rebound quickly (elastic 
component), but when loaded slowly, ZPJs experience creep (porous component) 
(Adams et al., 2006). Healthy articular cartilage has no blood or nerve supply, 
preventing it from being a source of symptoms (Adams et al., 2006). However, in 
situations of ZPJ degeneration it has been determined that subchondral bone 
contains substance P neurons and is therefore capable of producing pain (Beaman, 
Graziano, Glover, Wojtys, & Chang, 1993). As noted in Section 2.4.1.1, there is an 
important interplay between the roles played by the IVD and ZPJs in limiting 
torsion. Generally, it would seem the ZPJ plays a more important role in limiting 
movement when compression is present (Adams & Hutton, 1981; Liu et al., 1985), 
while the IVD has a more important role in a low compression environment (Farfan 
et al., 1970; Krismer et al., 1996). However, ZPJs also play an important role in 
limiting anterior shear and extension (Adams et al., 2006). This ability to ameliorate 
anterior shear in the lumbar spine is better achieved by ZPJs with a frontal 
orientation (Sharma, Langrana, & Rodriguez, 1995) while in the cervical spine, it has 
been reported the ZPJs limit 48% of extension load (Przybyla, 2005). 

Zygapophyseal joints are a common source of spinal pain. In a series of 500 
participants with chronic spinal pain and using ZPJ injections as a diagnostic tool, 
the prevalence of ZPJ pain in the cervical spine was determined to be 28%, thoracic 
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spine 6% and lumbar spine 25% (Manchikanti et al., 2004). Provocation procedures 
and diagnostic blocks have also confirmed lumbar ZPJs are a source of pain in 
healthy volunteers (Mooney, Cairns, & Robertson, 1976) and those with chronic 
lumbar pain (Marks, 1989; Schwarzer et al., 1994; Schwarzer, Wang, Bogduk, et al., 
1995). One of the earliest cervical ZPJs trials involved 24 participants with 
undiagnosed cervical pain. Using diagnostic 0.5% bupivacaine blocks into cervical 
ZPJs, complete relief of symptoms was achieved for at least 2 hours in 17 
participants (Bogduk & Marsland, 1988). In a subsequent study, one of the authors 
performed ZPJ blocks on 128 participants with chronic neck pain, obtaining short-
term relief in 82 of the participants (Aprill & Bogduk, 1992). Longer term symptom 
relief of ZPJ pain, has been achieved using percutaneous radiofrequency neurotomy 
of the dorsal rami branches and denaturing the nerves suppling the ZPJs (Lord, 
Barnsley, Wallis, McDonald, & Bogduk, 1996). 

While ZPJ injections have assisted in identifying the ZPJ as a source of pain and in 
situations of ZPJ degeneration subchondral bone is capable of producing pain, there 
are no radiographical features on computed tomography that correlate with the 
painful ZPJ (Schwarzer, Wang, O’Driscoll, et al., 1995). Given the role ZPJs have in 
limiting spinal movement, it seems plausible there is a mechanical pathway by 
which spinal load could provoke ZPJs. It is plausible that ZPJs articular cartilage 
could be a source of night and waking spinal symptoms, if degenerative and 
subjected to sustained sleeping postures involving torsion or extension. Most likely 
in healthy joints with no degenerative changes, the source of pain is the ZPJ capsule, 
rather than the articular processes and associated articular hyaline cartilage. The 
ZPJ capsule as a potential source of symptoms will be discussed in Section 2.4.2.4. 

2.4.2.3 Uncovertebral Joints 

Unique to the cervical spine, are the uncovertebral (Luschka) joints, found in the 
lateral portion of cervical vertebra three to seven. These are formed by a raised lip 
of the distal vertebral body (uncinate process), meeting a similarly curved surface 
from the superior vertebral body (Taylor, 2018). As the uncinate develops from late 
childhood, corresponding horizontal fissures develop in the posterior IVD. The 
fissures start from the uncinate process and spreading medially, so that by their 
early 30’s young adults usually do not have an intact nucleus surrounded by the 
annulus, as is the norm in other portions of the spine (Taylor, 2018). The 
uncovertebral joints allow flexion and extension but limit side bending. 

2.4.2.4 Spinal and Capsular Ligaments 

Ligaments are important restraints to spinal movement. Spinal and capsular 
ligaments are highly innervated viscoelastic tissues that are subject to creep. In 
animal studies, it has been demonstrated there is a much higher density of high 
threshold mechanosensitive units in the capsular ligaments than the surrounding 
muscles (Yamashita, Cavanaugh, El-Bohy, Getchell, & King, 1990) and human 
cadaveric studies have demonstrated the presence of pro-inflammatory chemicals 
in the capsular ligaments of the cervical spine, suggesting they may be directly 
involved in pain generation (Kallakuri, Singh, Chen, & Cavanaugh, 2004). 
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There is a greater range of motion available in the cervical than the lumbar spine. 
This increased range of cervical motion is significantly greater in females up to 50 
years of age. The range of cervical motion decreases in both genders with age, 
except at the atlantoaxial joint (Dvorak et al., 1992). Without a posterior anulus in 
the cervical spine and because of ZPJ orientation, true rotation is limited by 
elongation of the capsular ligaments and anterior anulus fibrosus (Bogduk & 
Mercer, 2000). This is in comparison to the lumbar spine, where with compression 
the ZPJ or without compression, the anulus fibrosis primarily limit rotation. In the 
lumbar spine, ligamentous restraint to forward bending is primarily provided by the 
posterior longitudinal ligament and at end range the ligamentum flavum. Backward 
movements are resisted by the anterior longitudinal ligament (Hukins et al., 1990). 
In the cervical spine, flexion is primarily limited by ligamentous tissues, in this case 
by the posterior ligaments, posterior longitudinal, capsular, ligamentum flavum, and 
interspinous (Bogduk & Mercer, 2000). Sectioning of the posterior ligaments in the 
cervical spine, doubles the range of available flexion and rotation, indicating the 
important role these ligaments have in providing passive spinal support (Wen et al., 
1993). Spinal ligaments have been shown to develop injuries following flexion 
(Webb, Broughton, McSweeney, & Park, 1976), extension (Yang & King, 1984) and 
rotation (Farfan et al., 1970) loads. The greater range of motion and reliance on 
viscoelastic restraints in the cervical spine, suggests that sustained cervical flexion 
or rotation loads could result in increased creep and be associated with symptom 
provocation, more so than in the lumbar spine. 

2.4.2.5 Muscle 

Muscle contains both active and passive components. The active component is 
contractile, consisting of actin and myosin elements that generate load through 
activity. The passive elastic component includes three collagenous sheaths, 
perimysium, epimysium and endomysium, which undergo creep and hysteresis if 
subjected to sustained elongation loads. When subjected to elongation load, 
muscles have a greater capacity than other viscoelastic tissues to lengthen before 
injury. Most nociceptors are found within collagenous sheaths and surrounding a 
muscle (Adams et al., 2006). 

Muscle contraction is known to generate most of the compressive load acting on 
the lumbar spine (Kingma et al., 2001), which provides stability and reduces lumbar 
spinal load (Rohlmann et al., 2012). While muscle contraction also provides 
compressive support in the cervical spine, due to differences in morphology muscle 
contraction results in a much greater range of movement than in the lumbar spine. 
As a result, there is a larger neutral zone in the cervical spine, where it is inherently 
unstable in the middle ranges of movement (Moroney, Schultz, Miller, & Andersson, 
1988; Wen et al., 1993). Muscle contraction provides an important contribution to 
spinal stability but can only occur when a person is awake. During the sleep cycle, 
muscle contraction diminishes during transition from Stage 1 to Stage 2 and during 
REM stages muscle function is at its lowest (Hobson, 2005). Even in participants 
with spasmodic torticollis, abnormal muscle activity abolishes after Stage 2 
(Lobbezoo, Thon, Remillard, Montplaisir, & Lavigne, 1996). Due to muscle elasticity 
and generally relaxed state while sleeping, it seems likely that (a) muscle tissue will 
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not be a primary source of pain; and (b), without the protective action of muscle 
contraction during sleep, the lumbar and cervical spine passive tissues, could be 
exposed to sustained loads. 

However, muscular activity can arise as a powerful reflexive activity, muscle spasm, 
due to the stimulating effects of nociceptors in nearby tissues. Several authors have 
shown that neuromuscular hyperexcitability in muscles exists when nearby tissue is 
damaged (Bove et al., 2003; Cavanaugh, Lu, Chen, & Kallakuri, 2006; Dilley & Bove, 
2008b; Solomonow, Zhou, Harris, Lu, & Baratta, 1998; Stubbs et al., 1998). An 
integrated biomechanical, collagen biology and motor control model has been 
proposed (Solomonow, 2012). Low flexion loads (20 Nm peak) were applied six 
times to a feline lumbar spine over a 10 minute period, followed by 10 minutes of 
rest. The spines were then rested for 7 hours at no load, before the supraspinous 
ligaments were harvested and analysed for pro-inflammatory cytokines, interleukin 
1, 6, 8, and tumor necrosis factor alpha. The harvested ligaments demonstrated a 
significantly elevated expression of pro-inflammatory cytokines in comparison to 
control ligaments from the same animals. During the low load testing, irregular and 
random muscle spasms were observed, which from a neurological perspective, 
represented injury potentials being triggered by micro ruptures in collagen fibres. It 
was concluded, that sustained or repeated low load, resulted in muscle hyper 
excitability, that was secondary to associated viscoelastic tissue damage and 
subsequent inflammation. It is possible that while muscle is unlikely to be primarily 
damaged, it may respond to irritant substances in nearby tissues and contract. 
Sustained and aberrant muscle contraction has been proposed as a source of pain 
(Shah, 2009; Shah et al., 2008; Shah & Gilliams, 2008). 

2.4.2.6 Nerve 

Nerve tissue can be injured either by elongation or compression. Rabbit peripheral 
nerve displays similar viscoelastic properties to other collagen based tissues under 
elongation strain; toe-phase, creep and linear elongation to failure (Kwan, Wall, 
Massie, & Garfin, 1992). During in vitro animal studies, intraneural venular blood 
flow is impaired in rabbits at 8% nerve elongation and complete intraneural 
ischemia occurs at 15% elongation (Lundborg & Rydevik, 1973). However, in an in 
vivo situation restraining structures like the anulus fibrosus and spinal ligaments will 
uncrimp at less than 3% elongation, develop increasing stiffness and provide 
protection against neural tissue elongation. It is therefore unlikely that 8% nerve 
elongation would occur while sleeping, unless other factors like intoxication 
(Kornetzky, Linden, & Berlit, 2001) or benign joint hypermobility syndrome (March, 
Francis, & Webb, 1988) overrode normal protective nociceptor responses to 
excessive load. Short term (i.e., less than a few hours) nerve compression in the 
order of 20 to 30 mm Hg in animal studies, has resulted in the reduction of 
intraneural blood flow and both fast and slow axoplasmic flow. These changes 
compromise target cell nutrition, intraneural communication and develop nerve 
mechanosensitivity secondary to irritation at the site of compression (Dilley & Bove, 
2008a; Rempel, Dahlin, & Lundborg, 1999). As a result of nerve trunk irritation and 
subsequent mechanosensitivity, neural tissues that normally would not produce 
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sustained impulse generation, could produce impulse generation following the 
application of minor or slowly applied loads (Howe, Loeser, & Calvin, 1977). 

Clinical studies have reported waking neuropathies in the fibular (Lomaglio & 
Canale, 2017; Toğrol et al., 2000), radial (Lotem et al., 1971; Spinner, Poliakoff, & 
Tiel, 2002), sciatic (Kornetzky et al., 2001; March et al., 1988), and median (March et 
al., 1988) nerves, that were not present on retiring. These findings indicate that 
sleeping postures could contribute to waking symptoms of pain, paraesthesia and 
nerve dysfunction. Sleep duration between posture shifts is on average 15 to 20 
minutes (De Koninck et al., 1983; Johnson, Swan, & Wiegand, 1930) and applied 
loads during the night are minimal under normal sleeping circumstances. For these 
reasons, it is unlikely that nerve elongation or compression sufficient to cause 
symptoms in people not intoxicated and with healthy neural tissue, would occur. 
However, neural mechanosensitivity and pain generation secondary to the release 
of pro-inflammatory chemicals from damaged nearby collagenous tissues is 
potentially possible. 

2.4.3 Summary of Section 2.4 Spine Symptoms 

To experience symptoms, spinal tissues would need to be both innervated and 
subjected to loads that exceeds the tolerance of the tissue. When asleep, the 
unloaded spine relies predominantly on innervated and viscoelastic tissues like 
ligaments, ZPJ capsules and the anulus fibrosus for protection against elongation 
loads. Clinical studies have shown that sustained or repeated low loads have 
demonstrated creep in association with pain and muscle spasm in healthy 
volunteers and the presence in animal studies, of pro-inflammatory substances in 
ligaments subjected to repeated low loads. Further, lumbar IVD nutrition and 
cellular repair is probably compromised by sleep postures that cause sustained 
lumbar extension. 

Classification and measurement of sleep posture, specific sleep postures and spinal 
symptoms, factors influencing sleep posture and the ability to change sleep posture 
are discussed next. 

2.5 Sleep Posture 

There is no single definition of posture in the ergonomic literature. It has been 
defined (a) anatomically, as the configuration of head, trunk and limbs in space; (b) 
biomechanically, as a semi static biomechanical alignment (Rohmert & Mainzer, 
1986); or (c) functionally, as postures adopted to suit the task being performed 
(Corlett, 1981). Posture is influenced by many factors including the task at hand, the 
environment and anthropometric dimensions of the individual. In this section, the 
development, stability and classification of sleep posture will be reviewed, followed 
by methods used to measure sleep posture and associations between sleep posture 
and spinal symptoms. Factors influencing sleep posture and changing sleep posture 
will be examined in the final two sections. 
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2.5.1 Development and Stability of Sleep Posture 

Children first develop preferred sleep postures at around 3 months of age when 
they are able to move freely in bed, and by age seven, they have developed 
definitive sleep posture routines (Dunkell, 1977). These sleep posture routines vary 
from person to person, more so than variation within an individual’s sleep routine 
from night to night (Chen et al., 2013b; Deun et al., 2012; Kubota et al., 2003; 
Verhaert et al., 2009, August). 

Children (3 to 12 years of age) change posture 40 or more times a night (De Koninck 
et al., 1992) while adults change posture approximately half this frequency per 
night (Bader & Engdal, 2000; Chen et al., 2013b). However, this varies significantly 
(p < .05) between poor and good sleepers, with poor sleepers changing posture on 
average 35.6 times per night, while good sleepers change posture 22.3 times per 
night (De Koninck et al., 1983). With increasing age, the number of posture shifts 
per night decreases (Lorrain & De Koninck, 1998) and long periods of postural 
immobility (LPPI), which are postures sustained for greater than 30 minutes 
increases (De Koninck et al., 1992). Posture shifts also vary according to mattress 
firmness, with a greater number of shifts occurring on firmer mattresses (Suckling, 
Koenig, Hoffman, & Brooks, 1957). 

Ontogenetic research indicates that children free to move in bed spend an equal 
portion of the night in supine, side lying and prone (De Koninck et al., 1992). If 
children are unable to move freely, they are at risk of developing distorted body 
shapes and supported, symmetrical postural care is recommended (Goldsmith, 
Goldsmith, & Goldsmith, 2000). European adults spend most time in side lying, 
followed by supine and the least amount of time in prone (De Koninck et al., 1992; 
Gordon et al., 2007a) while Chinese adults spend the greatest amount of time in 
supine (Chen et al., 2013b). With increasing age, European adults spend less time in 
prone and a greater amount of time in side lying (De Koninck et al., 1992; Gordon et 
al., 2007a). 

It is plausible that with increasing age, the general trend of fewer posture shifts 
occurs because provocative sleep posture like prone are avoided and more time is 
spent in supportive postures. Conversely, adults who continue to sleep in postures 
provocative of spinal tissues, may experience more posture changes and less LPPI 
due to tissue discomfort. 

2.5.2 Sleep Posture Classification 

Most commonly sleep posture is classified into supine, side lying and prone 
(Abanobi, Ayeni, Ezeugwu, & Ayeni, 2015; De Koninck et al., 1983; De Koninck et al., 
1992; Deun et al., 2012; Gordon, Grimmer, & Trott, 2004; Gordon et al., 2007a; 
Lorrain & De Koninck, 1998). In this three-level classification, supine is when the 
chest faces the roof, prone is when the chest faces the floor and all other postures 
are considered side lying. Some researchers include classifications like ‘mixed’ 
(Desouzart, Vilar, et al., 2014), ‘varies’ (Gordon et al., 2007a) or ‘unsteady’ (Abanobi 
et al., 2015) to indicate a mixed sleep posture or a transition (Desouzart, Filgueiras, 
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et al., 2014) from one sleep posture to another. Classifications of ‘upright’ and 
‘sitting’ have also been used in some studies (Desouzart, Filgueiras, et al., 2014; 
Gordon et al., 2007a). Rather than identifying key sleep postures, some researchers 
classify sleep posture based on body part domains. One group of researchers 
classified sleep posture into four domains based on head, trunk, legs and arm 
positioning resulting in 28 sleep postures (De Koninck et al., 1983), while another 
group of researchers used three domains based upon head, chest and waist 
orientation, also resulting in 28 sleep postures (Kubota et al., 2003). These methods 
allow for classification of larger numbers of sleep postures, but they have not been 
adopted by other researchers. 

With approximately 60 to 70% of sleep time spent in side lying (De Koninck et al., 
1992; Gordon et al., 2007a), it is appropriate to consider if this is a homogenous 
posture. Prior authors have noted intermediate side lying sleep postures and 
classified them based upon pelvic orientation (Verhaert, 2011) or arm and leg 
positions (Hsia et al., 2009). Classification of side lying could also be based upon 
putative spinal load. In this way, postures that increase spinal loading (e.g., end 
range rotation or extension) are considered potentially provocative, and those that 
minimise spinal loading, are relatively supportive. It is known that a percentage of 
people wake with spinal symptoms not present going to sleep or do not experience 
alleviation of retiring symptoms (Excoffon & Wallace, 2006; Goldman, 2005; Gordon 
et al., 2010; Gordon et al., 2002; Miller, 1984) and that sleep postures, including 
intermediate postures have been implicated (Verhaert, Haex, De Wilde, Berckmans, 
Vandekerckhove, et al., 2011). In this section, sleep postures including intermediate 
postures, will be examined with respect to their potential for provocation or 
support of spinal tissues (Figure 14). 

2.5.2.1 Supine 

Supine is generally defined as chest facing the ceiling, with or without trunk rotation 
(Cary, Collinson, Sterling, & Briffa, 2016; Desouzart et al., 2016; Gordon et al., 
2007a). Considered biomechanically neutral, supine is generally not associated with 
spinal symptoms, but has been associated with restless sleep, snoring and sleep 
apnoea (Cartwright, 1984; De Koninck et al., 1992). With the addition of a pillow 
under the knees to minimise lumbar lordosis, supine is generally a comfortable 
posture for people with spinal stenosis or lumbar pain (Boissonnault & Di Fabio, 
1996; Desouzart et al., 2016). Different to European norms, it has been reported 
that Chinese and Japanese people spend the majority of time asleep in supine (Chen 
et al., 2013b; Fukuda, Ogilvie, Chilcott, Vendittelli, & Takeuchi, 1998). 
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2.5.2.2 Side Lying and Intermediate Postures 

Most studies report side lying as the posture that people spend greater than 60% of 
the night (De Koninck et al., 1992; Gordon et al., 2004; Haex, 2005; Johnson et al., 
1930). In an observational study involving 812 phone interviews, it was found side 
lying provided the most protection from waking cervical symptoms (Gordon et al., 
2002). De Koninck et al. (1983) found side lying postures with both arms and legs 
folded greater than 450 were sustained the longest, indicating this to be a stable 
and comfortable posture. However, due to the elevated centre of gravity and 
decreased surface contact area, side lying is inherently unstable (Haex, 2005). As a 
result, there are a large variety of side lying postures, some symmetrical and others 
not, with possible implications for varied spinal loads. Some researchers have 
divided side lying into different subcategories (Hsia et al., 2009) and others 
acknowledge a link between intermediate side lying postures and spinal torsion 
(Verhaert et al., 2012). It is plausible, that symmetrical and supportive side lying 
postures would provide greater spinal protection and subsequently less tissue load. 
To examine this possibility, side lying was sub classified into supported side lying 
(SSL) and provocative side lying (PSL), based upon spinal symmetry. 

2.5.2.2.1 Supportive Side Lying 

Supportive side lying was defined as the top thigh resting on the lower thigh, knee 
or tibia (Figure 14). Both legs could be straight, but with a high centre of gravity, 
people usually bend their hips and knees to greater than 450, thereby increasing 
trunk stability. This posture minimises pelvic and spinal torsion in the transverse 
plane, due to symmetry and placement of the lower limb. A pillow is sometimes 
used to cushion the bony femoral condyles of the medial knees and has been 
recommended to assist spinal support (Desouzart, Filgueiras, & Matos, 2015). 

 

Figure 14. Sleep posture classification. The majority of sleeping European adults sleep in side 
lying. To examine the possible effects of sleep posture on spinal symptoms, side lying was sub 
classified into two intermediate postures based upon spinal loading; supportive and 
provocative side lying. 
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2.5.2.2.2 Provocative Side Lying 

Provocative side lying occurs with additional flexion of the top thigh from a SSL 
posture and subsequent loss of contact with the lower thigh (Figure 14). The top 
knee will lower to the mattress, inducing hip adduction and lumbar rotation. 
Coupled rotation will occur in the same direction as discussed in Section 2.3.1.5. At 
the same time, the lower hip and thigh are blocked against the bed, resulting in 
lumbar lordosis and spinal extension (Verhaert, Haex, De Wilde, Berckmans, 
Vandekerckhove, et al., 2011). If the lower shoulder is retracted, trunk rotation 
increases and progresses up the thoracic spine and into the cervical spine. 

2.5.2.3 Prone 

Prone is commonly defined as the chest facing the floor and both knees straight and 
is the sleep posture used least by adults (Cary et al., 2016; De Koninck et al., 1992; 
Gordon et al., 2007a). In prone, lumbar and cervical spine extension is increased 
and to facilitate breathing, the cervical spine is positioned in near full rotation. 
Extension reduces both central and lateral canal diameters of the lumbar and 
cervical spine (Harrison, Cailliet, Harrison, Troyanovich, & Harrison, 1999), 
potentially compressing spinal cord and peripheral nerve tissue (Goldman, 2005; 
Holman, 2008). In prone, the lumbar disc thickens posteriorly, increasing the 
distance of diffusion and reducing the optimal flow of nutrients into the IVD as 
noted in Section 2.4.2.1.2. 

Prone has been noted to aggravate 49% of participants with existing lumbar pain 
(Boissonnault & Di Fabio, 1996) and avoiding prone is commonly recommended 
(Bland, 1987; Grieve, 1988; Kraemer, 2011). With increasing age, prone is adopted 
less frequently (De Koninck et al., 1992; Gordon et al., 2007a) which may represent 
a learned protective response or reaction to increased tissue stiffness. 

2.5.3 Measurement of Sleep Posture 

A recent systematic review identified the need for a non-invasive, low cost and user 
friendly objective measurements of sleep, that can be deployed into non-laboratory 
environments (van De Water et al., 2011). Self-reported sleep posture, other than 
supine was found to be unreliable in a pilot study examining sleep posture in a 
home environment, when compared with data recorded using dual infra-red (IR) 
cameras (Cary, Collinson, Sterling, & Briffa, 2014). See Appendix 23. Further, we 
conducted a scoping review and identified the need to use an objective measure of 
sleep posture and not rely solely on self-reported sleep posture (Cary, Briffa, et al., 
2019). Current sleep posture assessment can broadly be divided into two 
categories, non-technological and technological. 

2.5.3.1 Non-Technological 

Self-report is the most common form of non-technological measure of sleep 
posture, however self-report by its nature is uncertain, as it refers to a period of 
time when participants are not fully conscious. Self-report has been collected using 
oral (Abanobi et al., 2015; Gordon et al., 2007b) and written questionnaires 
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(Boissonnault & Di Fabio, 1996; Noll et al., 2017), however these have not been 
validated against a known standard of measuring sleep posture. For example, when 
examining participants with non-specific cLBP prior to the provision of a new 
mattress, researchers used self-report to classify participants’ sleep posture into 
“supine knees bent”, “supine knees straight”, “fetal”, “three quarters”, “prone” and 
“other”, but self-report was not validated (Kovacs et al., 2003, p. 1601). In a group 
of healthy participants (N = 12), videography from two nights was obtained using a 
single IR camera in a sleep laboratory (Gordon et al., 2004). Data collected were 
used to compare participants’ self-reported dominant sleep posture during a 
normal night’s sleep. To test self-reported reliability, results from night 1 and night 
2 were compared and to test validity of self-report, time spent in each sleep posture 
was compared with the participant’s self-reported dominant sleep posture. Neither 
intra-rater reliability of the scorer nor validity of the sleep posture classifications 
was reported. 

The accuracy of self-report may vary from person to person and be influenced by 
the stability of their sleep routine. When exploring the relationship between sleep 
posture (supine, side lying and prone) and primary open angle glaucoma (N = 29), 
self-report was compared to continuous posture monitoring using an Embletta X10 
sleep monitor and the recorded sleep posture only matched the primary self-
reported sleep posture in 77% of participants (Kaplowitz et al., 2015). In another 
study, an IR camera was used to record the sleep posture of 300 participants, while 
exploring the relationship between sleep posture and OSA. Self-report was found to 
be inaccurate and the authors concluded “that objective position monitoring can be 
an important complement to self-report” (Russo & Bianchi, 2016, p. 127). The 
variation in reliability of self-report, may be explained by a more recent study in 
which participants were recorded over two nights in a sleep laboratory (Yu, 2018). 
Self-report was compared with video recordings that were coded by two 
independent assessors. When asked to identify their dominant sleep posture, 
inaccuracy between self-report and actual was nearly 33%. It was noted, that 
healthy participants who spent longer periods of sleep in one posture, especially if 
their hands were placed on their stomach or chest, were more accurate in 
identifying their dominant sleep posture. It was concluded by the authors that while 
self-report is inexpensive, researchers should be cautious in using it as an objective 
measure due to the dynamic nature of sleep and especially if participants do not 
have a dominant sleep posture. 

It is also important to note what is actually being self-reported. Some researchers 
ask participants to self-report the posture they are in when they go to sleep and 
when they wake (Cary et al., 2016; Gordon et al., 2007a; Marin, Cyhan, & Miklos, 
2006) and others ask participants what posture they think they are in for most of 
the night (Abanobi et al., 2015; Gordon et al., 2004; Josefson, 2001; Kim, Jeoung, 
Park, Kim, & Ritch, 2014). Self-reported answers to these questions do not fully 
encompass the variety or accurately determine the duration of time spent in each 
sleep posture. 
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2.5.3.2 Technological 

The bulk of sleep research is currently undertaken in sleep laboratories using 
polysomnography (PSG), which is considered the gold standard when assessing 
sleep parameters related to sleep pathologies like OSA, insomnia and restless legs 
syndrome. Access to utilise sleep laboratories for sleep posture research is limited 
due to high demand from priority patient groups, metropolitan only locations and 
associated high financial costs. Further, participants in these situations have 
multiple sensory attachments (Eastwood, 2009 personal communication), which 
combined with the unfamiliar environment, create an abnormal vigilance sleep 
phenomenon called the first night effect (Kronholm, Alanen, & Hyyppä, 1987; 
Tamaki & Sasaki, 2016). To minimise the first night effect, one or two adaption 
nights of recording are usually undertaken but discarded before analysis (Gordon et 
al., 2004). For these reasons, while the following technological methods have been 
used to assess sleep posture, generalisability of results to non-pathological patient 
groups and access to laboratory environments is limited. 

2.5.3.2.1 Visual 

Early assessment of sleep posture involved direct visual observation and line 
drawings. The first automated data collection was in 1930, when a 16 mm camera 
was used to film participants during their sleep (Johnson et al., 1930). The method 
of this study involved illumination with a 100W globe, the brightness of which may 
have influenced sleep postures adopted. These early researchers observed that 
each subject had their own repertoire of sleep postures, repeating them 
consistently from one night to another. With film improvements, visual observation 
progressed to using a Nizo Super 8 camera and a 7W globe, which was less visually 
intrusive (De Koninck et al., 1983). Researchers now use IR illuminated videography, 
commonly from one camera, as part of a full PSG assessment (Drakatos, Higgins, 
Kosky, Muza, & Williams, 2013). This method has been used to determine sleep 
posture (Desouzart et al., 2015; Desouzart, Vilar, et al., 2014; Verhaert, Haex, De 
Wilde, Berckmans, Verbraecken, et al., 2011) or as the gold standard to compare 
the measurement of sleep posture using other equipment (Kuo, Yang, Tsai, & Lee, 
2004; Liao & Yang, 2008). Image capture from one camera potentially limits the 
accuracy of posture recognition due to bed covers reflecting light and a limited 
depth of field. For this reason it has been recommended that image capture occur 
in two visual planes, to improve the accuracy of video data interpretation (Rebelo, 
Filgueiras, & Soares, 2011). Infrared illumination eliminates the need for white light, 
which is known to interfere with sleeping, but using IR light in total darkness, 
creates non-uniformities in contrast, most commonly with overexposure at the 
centre of recorded images (Liao & Yang, 2008). Concerns in association with IR 
videography have previously been reported in regard to privacy and also image 
quality and data storage (Liao & Yang, 2008). However, with modern equipment, 
image quality and data storage are now of minimal concern. 

2.5.3.2.2 Sensor Assessments 

Other forms of technological assessment include pressure mattress indentation 
(Abraham, Sullivan, & Ranganathan, 2011; Harada, Sato, & Mori, 2001; Hsia et al., 
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2009; Pino, Dorner De la Paz, Aqueveque, Chavez, & Moran, 2013; Stinson, Porter-
Armstrong, & Eakin, 2003; Verhaert, Haex, De Wilde, Berckmans, Verbraecken, et 
al., 2011), static charged beds (Tamura, Miyasako, Ogawa, Togawa, & Fujimoto, 
1999), thermal imaging (Lu, Tamura, & Togawa, 1999), and body markers with 3D 
scanning (Drerup & Hierholzer, 1987). Actigraphy is a commonly used in sleep 
research because of the associated low cost and ability to automatically collect data 
from several days to weeks (Lichstein et al., 2006). Actigraphy commonly involves 
the wearing of a small accelerometer and in this way only measures the movement 
of the limb wearing the accelerometer (Verhaert, 2011). More recently, three 
triaxial accelerometers were placed on participants’ mid-thigh, upper back and 
dominant upper arm, to assess sleep posture and posture movements. The 
accelerometer placed on the upper trunk enabled the classification of sleep posture 
into front, back and side and a posture needed to be maintained for a least 1 
minute (Skarpsno, Mork, Nilsen, & Holtermann, 2017). No validation of these sleep 
postures was undertaken in this study. It is also possible that wearing three, on 
body sensors could alter the normal sleep postures and sleep routines of 
participants. 

For a long time, assessment of sleep posture has been of minor importance in the 
realm of sleep disorders and evaluated by self-report or a single camera. More 
recently, with the recognition that sleep posture has a contributing role in OSA and 
with an increased interest in researching sleep systems, greater emphasis has been 
placed on accurately determining sleep posture. As a result, numerous 
technological methods have been developed, but are predominately used in sleep 
research laboratories. What is still required is a cost effective, portable, and 
validated measure to assess sleep posture in the home environment. 

2.5.4 Sleep Posture and Spinal Symptoms 

Sleep is considered essential for human mental and physical recovery. Yet, every 
night some people go to bed, only to wake with spinal symptoms not present the 
prior evening, while others with existing spinal symptoms, wake with exacerbations 
of their symptoms (Desouzart, Filgueiras, et al., 2014; Desouzart, Vilar, et al., 2014; 
Gordon et al., 2007a; Yim, 2015). 

In comparison to sitting and standing, lying down has the greatest unloading effect 
on the spine (Waddell, 2004). It has been noted that prolonged or asymmetrical 
postures can have a cumulative effect, with resultant loads exceeding tissue 
thresholds and resulting in symptoms. See Section 2.3.2.3.4. These applied loads 
need not be sudden in onset to cause symptoms and may account for dysfunctions 
later in life (Gorski, 2018; Kumar, 2001; Norman et al., 1998). It has been postulated 
that some sleep postures may be responsible for the production of both night-time 
and waking cervical and lumbar symptoms (Cary et al., 2016; Corrigan & March, 
1984; Gordon et al., 2002; Gracovetsky, 1987; McKenzie & May, 2006). 

The concept of spinal symptoms as a result of sleeping postures has been explored 
in several studies. When examining cervical symptoms of pain, stiffness, headache 
and scapular pain via a phone questionnaire, it was found that 46% of participants 
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experienced waking symptoms at least once in their usual week (Gordon et al., 
2002). Of the participants experiencing waking symptoms, 44% reported them as 
lasting an hour or less. The authors proposed a postural hypothesis to explain the 
waking cervical symptoms, noting that more persistent day symptoms would most 
likely be due to an underlying disorder, while intermittent symptoms as noted to be 
more likely the result of a nocturnal postural stress (Gordon et al., 2002). Using the 
same data set, researchers examined self-reported sleep posture, neck symptoms 
and sleep quality. They found side lying provided protection against waking cervical 
symptoms and that side lying was rated by participants as providing the highest 
quality of sleep (Gordon et al., 2007a). The concept of nocturnal postural stress, 
resulting in waking symptoms that dissipate on movement has been noted by 
others. An earlier study examined male participants working in physically light (N = 
471) and heavy (N = 666) occupations, and found that 45.3% and 43.0% respectively 
woke with neck pain or stiffness (Hult, 1954). These symptoms were attributed by 
the participants, to an uncomfortable sleeping posture and were reported to 
commonly disappear within a few hours of waking. In another study, 41% of 
participants with cLBP who completed a comprehensive pain questionnaire, noted 
they experienced their worst pain in the morning. Fifty-three percent reported they 
experienced night-time pain severe enough to wake them, of which 77% stated they 
were able to fall back asleep following a change in sleep posture. When lying down, 
49% of participants reported prone increased their symptoms, while over 80% 
reported side lying as preferable for pain relief (Boissonnault & Di Fabio, 1996). 

To the author’s knowledge, only one intervention study has specifically measured 
spinal symptoms following a change in sleep posture (Desouzart et al., 2016). In this 
study, older and physically active female participants (N = 20), were recruited and 
randomly divided into control and intervention groups. The method of 
randomisation was not reported. Participants in the intervention group were 
instructed to sleep in side lying or supine with pillow support and to avoid prone. 
After a 4 week intervention period, pain VAS measures were repeated. There was a 
statistically significant reduction in pain in the intervention group (p = .009), but not 
the control group. Study outcomes are limited because between group differences 
were not reported and were likely to have been non-significant. See Section 6.4.6. 
Also, the limited age and gender range limits generalisability and sleep posture was 
not objectively confirmed at baseline or after the intervention period. Another 
intervention study included postural education as an intervention, however the 
outcome measures were for sleep quality and not symptoms (Desouzart et al., 
2015). 

Common to all studies in this section, was the identification of a plausible 
association between sleep posture and spinal symptoms. However, the limited 
number of studies, gender and age groups and lack of use of a validated measure of 
sleep posture, restricts any firm conclusions. 

2.5.4.1 Supine 

While sleeping supine is strongly associated with positional sleep apnea, the 
relationship with spinal symptoms is not so clear. Self-reported supine sleep 
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posture was found to be provocative of pain in the lumbar spine (OR = 1.92, (95% 
CI: 0.43, 8.56), p = .31) (Abanobi et al., 2015) and the cervical spine (OR = 1.40, (95% 
CI: 0.8, 2.50)) (Gordon et al., 2007a), but was not statistically significant in either 
study. However, only considering trunk position may not tell the full story. The 
majority of participants in a study with cLBP, found lying in supine with their legs 
extended to be highly provocative, but when in supine with their hips and knees 
flexed their lumbar pain was alleviated (Boissonnault & Di Fabio, 1996). 

2.5.4.2 Side Lying 

Side lying is the posture in which the majority of people spend most of the night, 
regardless of being healthy (De Koninck et al., 1992; Haex, 2005) or experiencing 
pain (Boissonnault & Di Fabio, 1996; Marin et al., 2006). Right side lying is generally 
more common than left side lying (De Koninck et al., 1992; Kaplowitz et al., 2015) 
possibly to reduce compression on the heart or to facilitate gastric function. Side 
lying is considered the ideal sleeping posture for spinal recovery; one that reduces 
stress, relaxes muscles, promotes symmetrical body balance, maintains normal 
spine curves, improves metabolite exchange and equalises stress between 
intervertebral disc and the neural arch (Adams et al., 2006; Dolan, Adams, & 
Hutton, 1988; Gracovetsky, 1987; LeBlanc, Evans, Schneider, Wendt III, & Hedrick, 
1994; Nachemson & Elfstrom, 1970). De Koninck et al. (1992) found side lying 
postures with both arms and legs folded 45 degrees or greater, were sustained for 
the longest periods of time across all age groups in healthy individuals, indicating 
the posture was comfortable. Side lying was found to be significantly protective 
against cervical pain (OR = 0.6, (95% CI: 0.4, 0.9)) (Gordon et al., 2007a), and was 
one of two recommended sleep postures for those with lumbar pain (Desouzart et 
al., 2016). 

However, in possibly the first treatise examining sleep posture and spinal pain, the 
importance of avoiding side lying with trunk rotation was emphasised. The author 
believed this posture resulted in passive trauma to the costovertebral and 
intervertebral ligaments (McDonnell, 1945). A non-symmetrical side lying posture, 
will promote spinal rotation and extension, potentially increasing spinal loads on 
viscoelastic tissues. For this reason, as discussed in Section 2.5.2.2, it makes 
biomechanical sense to sub-classify the dominant sleep posture of side lying into 
supportive and provocative side lying postures, based upon plausible tissue loading 
and possible symptom provocation. 

2.5.4.3 Prone 

There is an abundance of anecdotal recommendations to avoid the prone sleeping 
posture because of an associated increase in spinal symptoms (Bland, 1987; 
McDonnell, 1945; McKenzie & May, 2006). In a series of case reports, detailing self-
reported prone sleepers aged 13 to 64 years (N = 23), with cervical and lumbar pain, 
sleepers were recommended to adopt a normal sleeping posture (Miller, 1984). No 
details were provided on how the participants’ sleep posture was confirmed beyond 
self-report, nor what was a normal sleeping posture. The author reported providing 
education as a first line of treatment, recommending the adoption of a normal 
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sleeping position. The author noted it could take months to establish a new sleeping 
pattern and advised concomitant manual therapy to commence after 1 month if 
necessary. The author followed this group for several years and noted that 74% 
reported satisfactory improvements over 6 months and experienced a 39% 
reoccurrence rate over 3 years. 

Extension is known to reduce central and lateral spinal canal diameter and 
therefore potentially compromise neural structures. Nocturnal exacerbation of 
neuropathic symptoms that disrupt sleep can occur in people with spinal stenosis, 
with or without peripheral neuropathy (Goldman, 2005). In one retrospective study, 
participants with diabetic peripheral neuropathy were advised to use a walking 
frame during the day to encourage lumbar flexion and to sleep in supine (pillow 
under knees) or side lying (pillow between knees) or prone (pillow under stomach), 
in an attempt to limit lumbar extension. Improvement of symptoms in eight of 11 
participants was reported, commonly with significant symptom reduction within 24 
hours (Goldman, 2005). How compliance with postural recommendations was 
monitored, was not reported. However, the speed with which nocturnal symptom 
control was improved in a chronic condition is noteworthy. It implicates a 
biomechanical component in the nocturnal symptom provocation, that when 
postural loads are altered is reversible. 

Verhaert, Haex, De Wilde, Berckmans, Verbraecken, et al. (2011) measured self-
reported sleep quality from 17 healthy participants, when comparing a sagging and 
a personalised supportive sleeping system (i.e., mattress and base). Cluster analysis 
identified two separate subgroups based upon their preferred sleep postures. The 
first cluster spent proportionally more time in side lying and prone and reported 
significantly poorer quality of sleep on a sagging sleep system, than on the 
personalised sleeping system. The second cluster, spent proportionally more time in 
side lying and supine and had no difference in sleep quality on the sagging or the 
personalised sleep systems. This study suggests that when healthy participants 
experience poorer quality of sleep, it may in part be related to sleep posture. It is 
biomechanically plausible, that a sagging sleep system will accentuate the extent of 
lumbar extension in participants that prefer to sleep in PSL and prone, by placing 
spinal tissues under increased load as discussed in Section 2.5.2.3. 

Using a single IR camera to record the sleeping postures of young female university 
students (N = 12), it was noted the students spent 28.7% of their sleep time in 
prone (Desouzart, Filgueiras, et al., 2014). This percentage of prone sleeping is 
much higher than reported by other authors in a similar group of 10 healthy (i.e., no 
medication, no sleeping disorder) participants (five female, 18 to 24 years of age), 
who only spent 13.4% of the night in prone (De Koninck et al., 1992). Fifty percent 
of the university students reported their pain was strongest at night and 25% noted 
their nocturnal spinal pain was strong enough to disrupt their sleep. In both studies 
a camera was used to record sleep posture and the differences of time spent in 
prone may lie in the respective definitions of prone sleeping as discussed later in 
Section 7.3.1. The association between provocative postures and spinal symptoms 
is one that warrant further investigation. 
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2.5.4.4 Sustained Posture 

Sleep involves both sustained and repeated postures. Viscoelastic tissues are 
vulnerable to sustained or repeated low elongation loads and undergo predictable 
mechanical and viscoelastic changes, like creep, hysteresis and fatigue failure, as 
discussed in Section 2.3.2.3. Sustained sleep posture habits have previously been 
investigated with results suggesting that on average, adults changed their posture 
between 2.1 and 3.6 times per hour (De Koninck et al., 1992). This indicates that 
sleep postures are commonly sustained for periods of greater than 15 minutes, a 
time frame in which in vitro viscoelastic collagenous tissue creep has been 
demonstrated (Yahia et al., 1991) and as a result, unable to return to original length 
(Solomonow, Zhou, et al., 2003). Associations between biomechanical creep and 
spinal symptoms in relation to sustained and repeated low loading into flexion has 
been explored using in vivo asymptomatic human and in vivo feline groups and 
discussed in Section 2.3.2.3.4. Under sustained rotation for 10 minutes in sitting, a 
significant increase in trunk axial rotation (M =10.50, SD = 4.20, p < .001) occurred in 
asymptomatic males (Shan et al., 2013). In addition to creep, the authors reported 
that participants experienced a significant increase in lumbar pain measured using a 
VAS (M = 48.4 mm, SD = 28.2 mm, p < .001). 

In more extreme circumstances such as those induced by alcohol, fatigue and 
certain medications, neural pathologies have been associated with sustained 
postures, including during sleep (Kornetzky et al., 2001; Miller, 1984; Toğrol et al., 
2000). In one reported case in which 1L of vodka was consumed, a student fell 
asleep in the lotus posture. On waking 6 hours later, he was unable to walk and 
after nerve conduction studies was diagnosed with acute, non-traumatic bilateral 
sciatic nerve palsy, due to probable posture induced compression of the sciatic 
nerves (Kornetzky et al., 2001). In the upper limb, a similar acute non-traumatic 
radial nerve compression has been reported as a result of non-physiological sleep, 
with the arm resting on a chair back (Arnold, Krishna, Freimer, Kissel, & Elsheikh, 
2012; Barnett & Church, 2018). 

In summary, physiological sleep routines entail periods of sustained posture long 
enough for creep of viscoelastic tissue to occur, if sleep postures are not supportive. 
It has been demonstrated both in in vivo human and animal studies, that 
physiological creep has been associated with spinal pain symptoms and augmented 
muscle activity. Neuropathies have been reported in association with non-
physiological sleep and seem to entail compressive rather than elongation loads. 

2.5.5 Other Factors Influencing Sleep Posture 

Humans spend approximately one third of their life asleep. The importance of sleep 
enabling our bodies to recover and process the physical and mental loads of the day 
are well known. What is less well known, are the factors that influence the adoption 
and maintenance of certain sleep postures. As discussed in Section 2.5.1., healthy 
adults change their posture 12 to 20 times per night and this increases significantly 
with poor sleepers. Sleep posture routines vary from person to person and no ideal 
posture can be maintained all night, as tissue stiffness and pain (Haex, 2005), 
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microcirculation (Vanderwee, Grypdonck, & Defloor, 2008) and possibly the 
respiratory system (Chapell, 1993), would be adversely affected. Factors that 
influence which sleep postures are adopted are examined in the next section. 

2.5.5.1 Medical Conditions 

It has been reported that nearly 60% of participants sleeping upright, do so because 
of a medical condition (Gordon et al., 2007a). Moreover, participants that slept 
upright were significantly more likely to report poorer sleep quality (OR = 0.3, (95% 
CI: 0.1, 0.6)), cervical pain (OR = 2.5, (95% CI: 1.1, 5.5)) and cervical stiffness (OR = 
2.6 (95% CI: 1.1, 5.8)). One such medical condition that might cause someone to 
sleep upright is severe peptic oesophagitis because sleeping upright is beneficial for 
the management of gastric fluid irritation (Harvey et al., 1987). 

Other medical conditions that have been associated with sleep posture include; 

• Gastroesophageal acid clearance. Supine and right side lying are 
associated with increased oesophageal acid reflux and left side lying was 
encouraged in people with gastroesophageal reflux disease (Khoury, 
Camacho-Lobato, Katz, Mohiuddin, & Castell, 1999). 

• Glaucoma and floppy eye syndrome. Relationships between sleeping 
posture (measured by IR videography) and open angle glaucoma 
(measured by visual field index) were examined in 29 participants. It was 
reported that there was a significant decrease in the visual field index of 
the non-dependent eye in participants that predominately slept in side 
lying. For example in the left eye of right side lying dominant sleepers (p 
= .002) (Kaplowitz et al., 2015). However, these results differ from an 
earlier study in which the authors reported the dependent eye, had a 
reduced visual field index (Kim et al., 2014). It is possible, this difference 
was due to the former study using an objective assessment of sleep 
posture and the latter using self-reported sleep posture. However, these 
studies demonstrate the adaptive changes that viscoelastic tissues make 
in response to sustained sleep postures. Exposure to an asymmetric risk 
factor over a long period of time, such as when sleeping, is enough for 
side lying to be recognised as a contributing disease mechanism for 
floppy eye syndrome (Figueira et al., 2014). 

• Musculoskeletal conditions. Sleep posture has been associated with 
neck and LBP and stiffness (Desouzart, Filgueiras, et al., 2014; Desouzart, 
Vilar, et al., 2014; Gordon et al., 2007a; Gordon et al., 2009; Gordon et 
al., 2002; Gubin et al., 2009), unilateral shoulder pain (Kempf & 
Kongsted, 2012; Zenian, 2010), increased subacromial pressures 
(Werner, Ossendorf, Meyer, Blumenthal, & Gerber, 2010), lateral elbow 
pain (Gorski, 2016, May), hip and groin pain (Grimaldi et al., 2015), 
bilateral foot drop (Kornetzky et al., 2001), thoracic outlet syndrome (Lee 
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et al., 2011) and carpal tunnel syndrome (March et al., 1988). 

• Nocturnal lumbar pain in late stage pregnancy. Side lying is 
recommended to minimise the potential of aortocaval compression 
syndrome in the later stages (greater than 30 weeks of gestation) of 
pregnancy. In an early study using PSG to assess sleep posture, the 
authors compared 13 women in late stage pregnancy; eight with mild 
nocturnal pain and five without nocturnal pain (Hertz et al., 1992). 
Researchers found participants in the pain group spent greater periods of 
time in supine and hypothesised that supine compromised the metabolic 
supply to neural structures, resulting in pain. In another study involving 
52 late stage pregnant participants, it was found they spent 98% of the 
night in side lying and 2% in supine (Mills, 1994). This group was 
compared to 31 age matched pre-op gynaecological participants, 
sleeping in the same environment. These participants spent 58% in side 
lying, 39% in supine and 3% prone, indicating a high degree of conformity 
to recommendations. The method, reliability and validity of the sleep 
posture assessment was not reported. 

• Obstructive sleep apnoea It has long been recognised that supine 
sleeping is strongly associated with snoring and sleep apnoea (Kavey, 
Blitzer, Gidro-Frank, & Korstanje, 1985; Phillips, Okeson, Paesani, & 
Gilmore, 1986). Polysomnography was used to evaluated sleep posture, 
in male participants (N = 30) with sleep apnoea (Cartwright, 1984). 
Twenty-four of the participants had an apnoea index twice as high in 
supine, compared to side lying. The side lying postural advantage 
decreased in obese participants and the author suggested that 
participants who are within 25% of their ideal body weight, are likely to 
be significantly improved in terms of the number of apnoeic events, by 
sleeping in side lying. 

• Recurrent nephrolithiasis. Using a sleep questionnaire to ascertain the 
preferred side lying posture, it was found in a group (N = 110) with 
recurrent nephrolithiasis and who reported sleeping consistently on one 
side, that 76% developed kidney stones on the dependent side (Josefson, 
2001). The authors proposed this was due to sluggish blood flow to the 
dependent side, allowing crystals to precipitate. The positive predictive 
value of sleep posture and ipsilateral stone formation was 82% for right 
side lying and 70% for left side lying. 

• Post-surgery or pressure relief positioning. Following hip or spinal 
surgery and in association with acute and painful disease, the avoidance 
of specific sleep postures has been recommended (Schutz, 1941). 
Patients are also encouraged to regularly change or receive assistance to 
change sleep postures to prevent pressure ulcers over bony prominences 
(Edlich et al., 2004). 

• Spinal stenosis. The sleep postures of supine or side lying with knee 
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support, were found to be beneficial for symptom control in participants 
with spinal stenosis and with neurogenic positional pedal neuritis 
(Goldman, 2003; LaBan, Viola, Femminineo, & Taylor, 1990). 

• Sudden infant death syndrome. Prone sleeping has been linked to 
increased vulnerability to sudden infant death syndrome and is not 
recommended as the position of choice for preterm or term infants 
(Ariagno et al., 2003) 

2.5.5.2 Medications 

While no medication directly influences sleep posture, some medications by 
reducing pain or arousal levels, do influence sleep quality and sleep mobility. 
Opioids have been used to reduce pain but have a debatable benefit on sleep 
quality (Shaw, Lavigne, Mayer, & Choinière, 2005) while pregabalin and sodium 
oxybate appear to improve pain, sleep quality and continuity of sleep. Tricyclic anti-
depressants have been found to have mild to moderate positive effects on both 
pain and sleep quality (Lavigne, Nashed, Manzini, & Carra, 2011). Duloxetine, an 
anti-depressive medication, has been shown to improve pain in fibromyalgia 
patients and provide minor improvements in sleep quality (Russell et al., 2008). 
Sedatives have been shown to reduce the number of posture changes (Barbenel, 
Ferguson-Pell, & Beale, 1985). 

2.5.5.3 Handedness 

No clear association has been found between dominant handedness and assumed 
sleep posture (Boynton & Goodenough, 1930; Stradling & Laird, 1935). 

2.5.5.4 Sleep Systems 

Non-Base System 

Sleeping systems that do not utilise a firm base, like a hammock, limit the adoption 
of some sleep postures, for example prone, while encouraging others, like supine. 
However, this type of sleep systems is uncommon in the home environment and 
won’t be further examined. 

Mattress Base System 

When designing sleep systems (i.e., mattress, base and pillow), ergonomists aim to 
optimise support for the human body, facilitating recovery of spinal tissues from the 
loads associated with diurnal activities. The main design considerations are body 
contours and weight distribution, both of which are highly individual. Further, body 
contour contact with the mattress, is also dependent upon the adopted sleep 
posture, creating an interplay between sleep system and sleep posture (Verhaert, 
Haex, De Wilde, Berckmans, Vandekerckhove, et al., 2011). As part of a study 
examining a customised sleep system, researchers identified in 17 healthy 
participants sleeping over three nights, that the relationship between the sleep 
posture, as confirmed by PSG and lumbar waking symptoms, was stronger than the 
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relationship between the sleep system and lumbar waking symptoms (Verhaert, 
Haex, De Wilde, Berckmans, Verbraecken, et al., 2011). 

Other researchers have examined the production of cervical symptoms in relation 
to sleeping and pillow use. Over a period of seven nights, self-reported side sleeping 
healthy participants (N = 106), woke with or had maintenance of their retiring 
symptoms of cervical pain (17.9%) or cervical stiffness (35.8%) (Gordon & Grimmer-
Somers, 2010). Sleep posture was not objectively assessed which makes it difficult 
to draw conclusions about a possible contributing role that sleep posture may have 
had on waking symptoms. However, other possible contributing factors such as the 
sleep system (mattress, base and pillow) remained the same throughout the study 
and any identified unusual events were excluded from the analysis. The authors 
concluded that the choice of pillow may be only one factor related to a poor night’s 
sleep. Given the exclusion of other factors, it is plausible that their sleep posture 
may have contributed to provoking their waking symptoms. While examining 
different spinal regions, both of these studies sought to examine relationships 
between sleep systems and spinal symptoms, but found possible relationships 
between sleep postures and spinal symptoms. 

2.5.5.5 Sleeping with a Partner 

The sleeping routines of 28 married couples were examined in a sleep laboratory 
over 3 nights. The first night was for adaptation and the other two nights were 
randomised for either sleeping with or without their partner. When sleeping alone, 
it was noted there was a significant increase in Stage 4 sleep (F = 37.99, p < .001), 
and a significant decrease in REM sleep (F = 8.73, p <.01). When sleeping together, 
there was a significant increase in awakenings (F = 4.38, p < .05). In summary, when 
sleeping alone, participants experienced more deeper sleep, fewer awakenings and 
less shallow sleep, however, participants reported less satisfaction when sleeping 
alone, rather than a decrease in quality of sleep. Sleep posture was not specifically 
examined (Monroe, 1969). Another study used video recordings to monitor the 
concordance of movement within a single couple in their home environment over 7 
nights. The authors reported that 60% of posture changes initiated by the man and 
70% of posture changes initiated by the woman, were matched by their partner 
(Aaronson, Rashed, Biber, & Hobson, 1980). Sleep postures were not reported. 

Pankhurst and Home (1994) conducted two studies using wrist actigraphy. The first 
study examined the concordance of body movements in couples (N = 46) over 8 
nights. The second study examined the effect on concordance of body movements 
with the presence or absence of a partner and compared participants that normally 
slept alone (N = 39), with participants who normally slept with a partner, but whom 
was temporarily absent (N = 56). From the first study, the authors reported that 
with increasing age there was a significant decrease in the number of posture 
changes. Using a post hoc Tukey test they reported the real effect lay between the 
youngest (aged 20 to 34 years) and oldest (aged 50 to 70 years) groups. In the 
second study, the authors reported a significant decrease in duration of sleep when 
the partner was temporarily absent (M = 397 minutes, SD = 68 minutes) compared 
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to sleeping with their partner (M = 445 minutes, SD = 41 minutes). Sleep posture 
was not reported in either study 

Sleep diaries and actigraphy were used to investigate the effect of co-sleeping and 
sleep location on the quality of sleep in 11 young couples. Like the previous authors, 
the reported subjective quality of sleep was better for both gender groups when 
sleeping with their partner (F = 4.10, p = .046). In young couples, the sleep location 
did not have an effect on sleep quantity. Sleep posture was not reported 
(Spiegelhalder et al., 2015). 

In summary, it was noted that when partner sleeping, awakenings and number of 
posture shifts were more frequent, possibly due to changes in posture being 
triggered by partner movements. Self-reported quality of sleep was better sleeping 
with a partner, than when sleeping alone. No studies were found that examined 
specific sleep postures in regard to partner sleeping. 

2.5.5.6 Temperature 

The ideal room temperature for sleeping is considered to range from 16 to 180C (60-
650F) (Helmanis, 2006). This allows the body’s core temperature and organs to cool 
and slow their function. The temperature of the skin is modulated by external 
temperature and internal variations in blood perfusion. Blood flowing in the 
periphery at approximately 370C, has been found to be more influential on sleep-
wake activity than core temperatures. Mild increases in skin temperature have been 
reported to promote sleep like brain activity and mild skin cooling temperatures, 
promote task performance and wakefulness, provided that these temperature 
changes stay within the normal thermoneutral zone and do not activate 
thermoregulatory systems to defend larger temperature changes (Romeijn et al., 
2012). In fact, field studies trying to improve sleep using a heating blanket actually 
disrupted sleep, most likely because the blanket added heat to the body and while 
raising peripheral circulation also challenged the core temperature (Fletcher, 
Heuvel, & Dawson, 1999). Indirect heating like exercise or hot showers, can increase 
peripheral circulation and heat dissipation for several hours, without increasing core 
temperature and have been shown to enhance sleep onset and improve sleep in 
the first few hours of the night (Raymann, Swaab, & Van Someren, 2007). 
Thermoregulation is achieved through the evaporation of water, some 0.2L to 0.3L 
per night, but up to 1L via breathing (33%) and skin evaporation (66%). Greater 
evaporation needs to occur in environments of higher temperature and as a 
consequence, there will be an increase in humidity surrounding the body (Haex, 
2005). Supine and prone sleep postures maximise contact with the mattress, 
providing sleep posture stability, but would also reduce air flow, skin evaporation 
and ability to regulate temperature. Side lying sleep postures are more likely in 
higher room temperature environments because of the increased exposed surface 
area, but as a consequence sleep posture stability may be reduced. 

In summary, a range of medical conditions influence selected sleeping postures and 
while medications do not affect sleep posture, some will influence the maintenance 
and duration of sleep posture. Sleep systems seem to be less important than sleep 
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posture, with regard to maintenance of existing or waking symptoms. When 
sleeping with a partner, there is a strong concordance of changes in posture, more 
so in younger couples, with one person’s movement initiating movement in the 
partner. Couples report a better quality of sleep when sleeping together, regardless 
of location, but may actually be experiencing less objective sleep quality. However, 
the effect of sleeping with a partner on selection of sleep posture is not known. 
Controlling body and environmental temperature, so that thermal protective 
responses are not challenged is likely to minimise additional posture changes and 
consequently allow freedom of sleep posture selection. 

2.5.6 Changing Sleep Posture 

Actions to cause behaviour change can occur at an individual, community or 
population level (N.I.C.E, 2007). Patients presenting to health services with waking 
spinal symptoms are commonly asked about their sleep postures and provided with 
advice to avoid possible provocative sleeping postures. This approach appears to 
have sound clinical reasoning and biological plausibility. It has been demonstrated 
that an individual’s daytime posture can be moderated through the use of external 
supports (Cannon & McGill, 2015; Hoe, Urquhart, Kelsall, & Sim, 2012; van Niekerk, 
Louw, & Hillier, 2012; van Poppel, de Looze, Koes, Smid, & Bouter, 2000) and 
postural education (O’Sullivan et al., 2006; Scannell & McGill, 2003). Following this 
line of logic, it is plausible that if certain sleeping postures provoke symptoms, then 
adoption of supports and education could be utilised as part of a strategy to 
alleviate waking symptoms. However, to utilise supports, postures to be avoided 
would need to be known and this has not been clarified for all sleep postures. With 
regard to education, it is not known if individuals following sleep posture education 
can adopt the recommended sleep postures while asleep. These two possibilities of 
support and education will be further explored in the broader context of sleep 
literature. 

2.5.6.1 External Support 

2.5.6.1.1 Avoiding Sleep Postures 

Devices to avoid certain sleep postures have been used for a variety of orthopaedic 
conditions; tennis elbow (Gorski, 2016, May), plantar fasciitis (Batt, Tanji, & 
Skattum, 1996), rotator cuff pathology (Gorski, 2018), pregnancy related carpal 
tunnel syndrome (Ekman-Ordeberg, Salgeback, & Ordeberg, 1987) and cubital 
tunnel syndrome (Assmus et al., 2011). As early as 1872, patients were being issued 
with mechanical devices to assist them to avoid supine because of snoring. More 
recently physical supports such as tennis balls, pillows, backpacks and bolsters, 
attached to the backs of sleepers, have been found to be beneficial in treating 
participants with positional OSA (Jokic, Klimaszewski, Crossley, Sridhar, & 
Fitzpatrick, 1999; Permut et al., 2010). A more sophisticated form of an external 
support is a gravity activated position monitor. In one study, male participants (N = 
10) with positional OSA received training for 1 night using a chest monitor, that 
produced a noise if participants remained in supine for more than 15 seconds 
(Cartwright, Lloyd, Lilie, & Kravitz, 1985). Following training, participants were asked 



Chapter 2. Background 

79 

to continue sleeping on their side and were reassessed 3 months later. There was a 
significant reduction in the number of apnoeic events from 55 to 21 (t = 3.26, p < 
.01) and oxygen desaturations from 239 to 87 (t = 3.02, p <.02) following training 
due to a greater avoidance of supine. Another type of wearable support detects 
sleep posture using three accelerometers and utilised increasing degrees of 
vibration to alert the sleeper to a supine sleep posture (van Maanen & de Vries, 
2014; van Maanen et al., 2012). This wearable support reduced time spent in supine 
from 21% to 3% after 6 months of use (Z = -6.25, p < .001) for participants with mild 
to moderate positional OSA. 

In summary, these studies indicate that if a sleep posture has been identified as 
being provocative of symptoms and a device can detect this posture, it has been 
possible with training that participants can learn to avoid or minimise exposure to 
these sleep postures. 

2.5.6.1.2 Supporting Sleep Postures 

During sleep, spinal posture has been influenced through the use of pillows, 
(Desouzart et al., 2016; Gordon et al., 2009; Park, Kim, Lee, Han, & Hur, 1999), 
cushions (Chohan, Payne, Selfe, & Richards, 2013), mattresses (Jacobson, Boolani, 
Dunklee, Shepardson, & Acharya, 2010; Kovacs et al., 2003) and even a customised 
adapting base (Deun et al., 2012; Verhaert, 2011) in an attempt to provide optimal 
spinal alignment and reduce spinal symptoms. Optimal spinal alignment in supine is 
considered to occur when spinal alignment is similar to standing (Park, Lee, Hong, & 
Kim, 2001) and in side lying, when spinal alignment is approximately a straight line 
in the frontal plane (Verhaert, Haex, De Wilde, Berckmans, Verbraecken, et al., 
2011). Healthy participants (N = 106) slept for 1 week each on their own pillow and 
five experimental pillows (polyester, foam regular, foam contour, feather, and 
latex). Participants recorded daily retiring and waking symptoms, sleep quality and 
pillow comfort ratings. During the study, regular waking symptoms, failure to 
relieve retiring symptoms, poor pillow comfort and poor quality of sleep were 
reported by over 50% of participants. As a result, the authors recommended the use 
of a polyester or latex pillow and to avoid feather pillows (Gordon & Grimmer-
Somers, 2010). In a follow-up study, the authors noted that participants with pillows 
less than 18 months old had no pain symptoms (Gordon & Grimmer-Sommers, 
2011). Sleep posture was not objectively evaluated.  

In a systematic review examining mattress design in adults with and without lumbar 
pain, it was concluded that a subjectively identified, medium-firm and custom 
inflated mattress, was optimal for spinal alignment, symptom relief and quality of 
sleep (Radwan et al., 2015). However, when evaluating a customised sleep system 
with healthy participants, it was concluded that sleep quality was influenced more 
by sleep posture than by the customised sleep system (Verhaert, Haex, De Wilde, 
Berckmans, Verbraecken, et al., 2011). Participants that spent more time in side 
lying and prone, experienced poorer sleep than those that slept longer in supine 
and side lying. The interplay between pillow, mattress and base is complex with 
many possible variables. It would seem that the reason why participants experience 
waking symptoms cannot be attributed to only their sleeping system. 
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2.5.6.2 Education 

Clinical experience and research indicates that postural education can elicit postural 
changes when conscious (Scannell & McGill, 2003) and while asleep (Murayama, 
Kubota, Kogure, & Aoki, 2011). Intuitively it would seem more challenging to 
implement postural changes while asleep, however, it is known that during and 
immediately after a change in posture, people are in an increased state of arousal 
(Hobson, 2005). It is possible that during this state of increased arousal, self-
evaluation and correction of sleep posture could occur. 

In four studies, changing sleep posture with education was used as an intervention 
to alleviate spinal symptoms or improve quality of sleep (Desouzart et al., 2015; 
Desouzart et al., 2016; Goldman, 2005; Miller, 1984). In a series of case reports, 
participants (N = 23) with a variety of spinal symptoms, and identified through self-
report as prone sleepers, were instructed to improve their sleep posture (Miller, 
1984). No physical treatment was provided until an improved sleeping posture was 
achieved. However, what an improved sleep posture entailed and how this was 
taught, was not described. It was noted by the author that establishing a normal 
sleeping posture could take months, but more commonly only 1 month. Outcomes 
reported were based on time frame (up to 6 months) and symptom changes. 
Seventy four percent (n = 17) achieved a satisfactory rating and two others 
improved, but not sufficiently. It was noted that three of the four who did not 
improve were older than 40 years of age. No validated outcome measures were 
used to measure symptoms or sleep posture changes. Goldman (2005), provided 11 
participants with both spinal stenosis and diabetes, specific day (usage of a walker 
to induce lumbar flexion) and night (sleep postures of reclined upright, supine with 
pillow placed under the knees or side lying with the pillow between knee) postural 
education to minimise lumbar extension. Following this postural education, nine of 
the 11 participants reported moderate to excellent improvements in day and night 
symptoms. For six of these, improvements occurred within 1 day. No baseline or 
follow-up objective assessment was undertaken to confirm sleeping postures in 
these participants, nor was any method used to validate compliance with the 
recommended postures. 

In the only study in this group of four to objectively assess sleep posture (using IR 
videography), 24 participants were divided evenly into three groups to assess 
changes in sleep quality (Desouzart et al., 2015). The three groups were 
Intervention, Placebo and Control. The method of allocation was not reported. All 
participants were videoed for 3 nights (2 nights being scored) at baseline and at 
follow-up which was between 3 and 4 months later. The Intervention group 
received an initial sleep posture lecture which encouraged supine and symmetrical 
side lying postures with pillow support with material presented being sent and 
weekly ‘positive’ follow-up via phone and email. Participants in the Placebo group 
received education about relaxation training and participants and ‘informal’ contact 
via phone and email, while participants in the Control group received a ‘moment’s 
interview’ and no follow-up contact. There was a reported significant change in 
sleep posture in the Intervention group but it is unclear which sleep posture(s) this 
change relates to. No reliability or validity data were reported for the sleep posture 
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scoring method. There was also a reported change in the Placebo group (p = .009), 
but again the change was not related to a specific posture (e.g., prone increased 
from 26% to 30.1% while supine decreased from 30.2% to 24.4%). There were no 
significant changes in the Control group. It is difficult to draw firm conclusions from 
this study, due to a lack of reported allocation of participants, non-reporting of 
reliability or validity data of the sleep posture scoring method, variable follow-up 
between groups and lack of clarity in statistical analyses. 

In a pilot study by the same authors, 20 female seniors were divided into two 
groups, Intervention and Control (Desouzart et al., 2016). The method of 
randomisation was not reported. The main outcome measure reported was pain, 
using a VAS. The Intervention group received sleep posture education encouraging 
the adoption of supine and symmetrical side lying postures, using pillow support 
and how to get in and out of bed. After a period of 4 weeks, the pain VAS was re-
evaluated in both groups. Baseline pain VAS was higher in the intervention group 
(M = 5.40, SD = 2.01) compared to the control group (M = 4.30, SD = 2.36). After the 
intervention phase there was a significant reduction in pain VAS (M = 3.00, SD = 
1.63, p = .009). There was a non-significant change in the control group pain VAS (M 
= 3.90, SD = 3.21, p = .472). Between groups comparisons were not reported, 
possibly because it was a pilot study. We used an online calculator (Centre for 
Evaluation and Monitoring, 2018) to determine an effect size with 95% confidence 
intervals between groups, using baseline to post intervention data in two steps. 
Baseline to post intervention change was used because a significant difference 
between groups existed at baseline. Firstly, a pooled standard deviation for each 
group was calculated for change from baseline to final measure. Then this pooled 
standard deviation from each group was used to calculate the between group effect 
size 0.81 (95% CI: -0.11, 1.72). The resultant confidence interval indicates that 
significant differences between groups was unlikely. Further, while the Intervention 
group had a significant reduction in pain, the premise it was due to an improvement 
in sleep posture cannot be confirmed because no objective assessment of sleep 
posture was performed at baseline or after the intervention period. 

Sleep posture education has also been used to modify symptoms associated with 
positional OSA. Three studies are reported here. In an early study, four male 
participants with positional OSA were identified using PSG. The participants were 
advised to avoid supine and were reviewed between 4 months and 3 years later. 
Two participants also used a ball in a sock and the type of education was not 
specified. Polysomnography was used on review and it was noted they all spent less 
overall time in supine. All participants subjectively reported marked improvements 
in daytime alertness and decreased daytime sleepiness over the period of 
reassessment. (Kavey et al., 1985). 

In a later study, two previously effective techniques used to reduce positional OSA, 
were compared (N = 60) by using four groups of randomly selected participants 
(Cartwright et al., 1991). All groups were instructed in good health habits for sleep 
apnoea which included (a) lose (or maintain) weight by controlling diet; (b) exercise 
at least 20 minutes a day, (c) use no alcohol after 6 pm and (d) learn to sleep on the 
side and avoid the supine-sleeping position. One group used a chest alarm, another 
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group used a tongue retaining device, a third group used both devices and the final 
group was only told the good health habits. After an 8 week period, during which all 
participants were contacted weekly, participants were re-examined using PSG again 
over two nights. All groups had significant reductions in the amount of time spent in 
supine: 

• Chest alarm M = 141, SD = 76 to M = 3, SD = 9 (t = 7.42, p < .01) 

• Tongue retaining device M = 145, SD = 83 to M = 70, SD = 75 (t = 2.84, p < 
.02) 

• Both M = 116, SD = 71 to M = 3, SD = 11 (t = 5.91, p < .01) 

• Good health habits M = 101, SD = 58 to M = 16, SD = 22 (t = 6.59, p < .01.) 

In the good health habits group (n = 15), all participants improved and 10 out of the 
15 did not sleep in supine at all. In comparison, only two out of 15 did not sleep in 
supine in the tongue retaining device group. Further, 11 in the good health habits 
group had weight reduction, whereas only five in the chest alarm, four in the 
tongue retaining and three in the both group achieved any weight reduction. The 
authors commented that “telling patients what they need to do to improve and 
telling them they would be tested to see how well they could do this, worked very 
well for most of these patients” (Cartwright et al., 1991, p. 551). 

In a more recent study, eight self-aware snoring middle aged and elderly men were 
assessed using PSG in a sleep laboratory over 3 nights (Murayama et al., 2011). The 
first night was for adaption and participants could move freely. On the second and 
third nights, using a randomised crossover method, participants were instructed to 
avoid supine and attempt to sleep as much as possible in side lying. The authors 
reported an increase in time spent in side lying, during the intervention phase (M = 
42.1%, SD 12.5%, p < .012) and no significant change in number of posture changes. 
A single person evaluated all the sleep posture data and no validity or reliability 
data were reported for the classification of sleep postures, but it would seem in 
combination with the other studies examining positional OSA, that participants 
following education are able to change the selection of their sleep postures. 

Overall, posture education has been used to elicit changes in the sleep posture 
choices of participants to reduce spinal symptoms, improve quality of sleep and 
reduce episodes of positional OSA. Intervention periods have ranged from 4 weeks 
to 3 years, with a variety of follow-up methods and frequencies. In several studies, 
no objective sleep posture data were collected. In other studies that uses PSG to 
collect sleep posture data, no reliability or validity data were presented. In 
summary, while multiple studies indicate the ability for education to change sleep 
posture, the lack of use of validated and reliable measures of sleep posture, limits 
the conclusions that can be drawn about the ability for education to change sleep 
posture choices. 
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2.5.6.3 Adherence to Change 

Sleep is a repeated event and participants have a regular routine of sleep postures 
that varies little from night to night. See Section 2.5.1. While the presentation of 
waking onset symptoms represents an acute presentation, the underlying sleep 
routine is habitual, and changing a habit would require a longer-term consideration. 
There is no definitive period of time to develop a new habit, but it is known that 
adherence to a new exercise program is approximately 65% (McGrane, Galvin, 
Cusack, & Stokes, 2015), indicating that even with a combination of education and 
understanding about the beneficial effect of the new habit, maintaining a new habit 
is difficult. In a study in which participants with mild to moderate OSA, used a 
wearable support to alert them to a sustained supine sleep posture, subjective 
compliance (i.e., wearing device for 4 hours or more per night) after 1 month was 
92%, after 3 months 74% and after 6 months 60% (van Maanen & de Vries, 2014; 
van Maanen et al., 2012). It is likely that maintaining a new sleep posture habit, 
even with the positive affirmation of less waking spinal symptoms could be likewise 
challenging. 

2.5.7 Summary of Section 2.5 Sleep Posture 

In this section, elements of sleep posture were explored with respect to an 
individual’s development of a sleep posture routine, non-technological and 
technological methods of measuring sleep posture, classification of sleep posture, 
factors influencing chosen sleep postures, and the ability to change and maintain a 
changed sleep posture routine. 

Individuals develop a sleep posture preference from an early age and this remains 
fairly consistent from night to night. Methods used to measure sleep posture were 
initially associated with serious sleep pathologies, however more recently interest 
in sleep systems and OSA, have led to the development of new technological 
methods to assess sleep posture. These methods are largely used in research 
laboratories, activate a first night effect, are expensive and have limited access. 
Traditionally sleep posture has been classified as supine, side lying and prone with 
adults spending the greatest amount of time in side lying. It makes sense to sub-
classify this broad grouping into supportive and provocative side lying, based upon 
plausible spinal loads. Prone is generally considered provocative. Self-report has 
commonly been used to classify sleep postures, but is considered unreliable and has 
not been validated for sub classified side lying sleep postures. There are many 
factors that influence a chosen sleep posture, many of which are identifiable and 
modifiable. The use of external supports has enabled participants to change sleep 
posture, but provocative sleep postures need to first be identified. Education has 
also enabled participants to change their sleep posture and as a result, this simple 
intervention has potential to influence sleep posture routines and associated 
waking spinal symptoms. 
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2.6 Chapter 2 Key Points 

Sleep  

• Sleeping entails repeated stages of non-REM and REM sleep 

• Non-REM sleep is associated with deep, recovery sleep and REM sleep 
with dreaming 

• Posture shifts are strongly linked with transition into REM sleep and 
short periods of awakening 

Anatomy, Biomechanics and Symptoms 

• Active and passive spinal structures resist external forces of elongation, 
shear and torque. All tissues consist of collagen. 

• Lying down sleeping, creates a low compression environment in which 
there is a greater neutral zone and greater load on passive restraint 
spinal tissues (e.g., IVD, ligaments and joint capsules) 

• Sustained loads or repeated low loads cause collagen to deform in a 
known response called the stress-strain curve. The amount of 
deformation is influenced by the collagen’s stiffness 

• Collagen deformation varies with age, gender, ethnicity, genetic 
disorders, previous injury and temperature 

• Repeated or sustained loads on innervated spinal structures may cause 
pain. Extension may compromise IVD nutrition and subsequent repair 

• Postures sustained for 10 minutes in vivo experiments, have caused 
muscles spasms 

• Low loads sustained for 10 minutes have caused the production of pro-
inflammatory chemicals in spinal ligaments 

Sleep Posture 

• Sleep posture routines vary from person to person, more that night to 
night. Poor sleepers change sleep posture more frequently than good 
sleepers 

• Sleep posture is usually classified as supine, prone and side lying. Self-
reported sleep posture is not accurate for key sleep postures 

• Most time is spent sleeping in side lying, but this is not a homogenous 
classification in regards to plausible biomechanical tissue load. Side lying 
has been subclassified into supportive and provocative side lying based 
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on plausible tissue load 

• Sleep posture can be influenced by other factors (e.g., medical 
conditions, sleeping system) 

• Sleep posture can be changed with external supports and education 
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Chapter 3. Developing a Long-Term Method of Sleep Posture 

Assessment in the Home Environment 

This chapter is adapted from the publication of two manuscripts. The first involving 
the development and testing of a valid and reliable recording method to capture 
and store high quality images of sleep posture, including sub-classified intermediate 
side lying postures, under varying light and bed cover situations in the home 
environment (Cary, Stirling, Collison, & Briffa, 2019). See Appendix 4. The second 
manuscript was a pilot study using the new recording method in the home 
environment to explore the first night effect, the accuracy of self-reported sleep 
posture and relationships between sleep posture and waking spinal symptoms (Cary 
et al., 2016). See Appendix 2. 

3.1 Introduction 

Daytime posture is considered a contributor to spinal symptoms (Kumar, 1990; 
Norman et al., 1998), while sleeping is generally considered a period for rest and 
recovery (Cabot & Beckham, 2005; Helmanis, 2006). The most common adult sleep 
postures are side lying, supine and prone (De Koninck et al., 1992; Gordon et al., 
2004; Haex, 2005). Side lying is the sleep posture that greater than 60% of European 
adults adopt for the majority of the night (De Koninck et al., 1992; Gordon et al., 
2004; Haex, 2005). Some people wake with spinal symptoms not present when 
going to sleep (Goldman, 2005; Gordon et al., 2007b; Miller, 1984) and it is clinically 
postulated that some sleeping postures involving sustained, end range spinal 
rotation and or extension, may provoke pain sensitive spinal tissues (Goldman, 
2005; Miller, 1984). For this reason, side lying has been sub-classified into 
intermediate postures based on plausible spinal load. See Section 2.5.2.2. At 
present there is no high-level evidence to support these clinical observations, due in 
part to the lack of an appropriate method to measure sleep posture. Self-report has 
commonly been used, but is considered unreliable as participants are unconscious 
and error rates of 33% have been reported (Hurwitz et al., 2018; Kaplowitz et al., 
2015). A recent systematic review identified the need for non-invasive, low cost and 
user friendly objective measurements of sleep, that could be deployed into non-
laboratory environments (van De Water et al., 2011). To be clinically applicable, the 
recording method to measure sleep posture needed to be robust enough to capture 
high quality images, under a wide variety of light and bed cover situations likely to 
occur in the home environment (Liao & Yang, 2008) and not provoke a first night 
effect. See Section 2.5.3.2. 

In the next section, background information regarding the specific equipment 
selected to record sleep posture in the home environment is provided. In the 
subsequent section the reliability and validity of the new recording method is 
reported and in the final section the results of a pilot study where the recording 
method was field tested in the home environment are reported. The chapter 
finishes with a discussion and conclusion. 
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3.2 Equipment Selection and Parameters 

3.2.1 Materials 

Basic feasibility of the concept to measure sleep posture was discussed with 
Professor Peter Eastwood, from the Sleep Clinic at Sir Charles Gardiner Hospital, 
Perth Western Australia in September 2009. This discussion included a 
demonstration of the equipment used at the Sir Charles Gardiner Hospital Sleep 
Clinic and provided reassurance that the proposal was feasible. An Internet search 
and discussions with security providers was then undertaken to identify appropriate 
equipment specifications for night-time recording, to enable unobtrusive data 
collection in the home environment. 

To enable viewing in low light and no light situations, IR technology can be utilised 
to provide illumination whilst minimising disturbance to participants. To achieve 
this, units consist of a built-in IR illuminator with light emitting diodes producing 
light that is not visible to the human eye, and a camera to detect the IR illuminated 
image. Data capture was achieved with a digital video recorder and stored in an 
internal hard drive. Selection of equipment was based upon specifications, 
availability and cost. This equipment required a 240V mains power supply. 

3.2.1.1 Cameras 

Cameras selected were Sony IR High Resolution (Security Camera King Veilux SVD-
60IR28L2812D www.securitycameraking.com). In sleep research laboratories, most 
images of sleep posture are captured simultaneously with PSG examination and 
obtained from one viewing angle, usually at the foot end of the bed. An historical 
criticism of IR captured images has been their poor quality and the subsequent 
difficulty to determine sleep posture. Images from one camera are two dimensional 
and have no depth. Determining the posture of a three-dimensional object like the 
leg, in relation to the other leg or trunk, is difficult when viewed from only one 
angle. For this reason, we trialled several dual camera setups. 

Motion detection was activated in one camera. Motion detection sensitivity was set 
to high and applied to the total visual field of the camera using proprietary Security 
Camera King software. Each body movement detected by the camera constituted an 
event, with a separate date and time stamp. The second camera was set to 
continuously record and had hourly time stamps. Resolution for both cameras was 
set to 352 * 240 pixels. The resolution was a balance between image quality and 
size of recording. With this resolution, on average an hour of continuous recording 
was 1.8 gigabits. While both cameras had auditory recording capabilities, no sound 
data were collected. 

http://www.securitycameraking.com)/
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Progression of trialling dual camera positioning: 

1) Mounted side by side (Figure 15) 

2) Foot end and side positioned cameras. (Figure 16) 

3) Foot end and side overhead cameras. (Figure 17) 

After trialling several combinations, we found using two cameras with viewing 
angles at approximately 90 degrees to each other (i.e., one overhead and one-foot 
end), provided optimal viewing depth perception, sleep posture recognition, 
relative ease of setup in a standard bedroom configuration and minimal 
inconvenience to the participant when moving around the bedroom at night (Figure 
17). Utilising two cameras also provided data collection security in the event of one 
camera failing. A computer monitor was used to ensure cameras were correctly 
aligned and correctly imaging all the required area of the bed. 

3.2.1.2 Stands and Supports 

Stands were designed to accommodate modern house construction (roof ceiling 
minimum 2.4 m) and portability, while being stable enough to support the weight of 
a camera. Commercially available alternatives, such as music industry boom mike 
stands were considered but were not suitable due to high cost, lack of strength and 
stability. For this reason, the author designed and used 50mm round Iplex plastic 
tube to construct collapsible stands, placed on 50 * 25 mm steel bases (Figure 17). 
These were constructed to facilitate easy disassembly, vehicle transport, and 
reassembly in participants’ homes. The foot-end camera was set at a height of 1.8m 
and the overhead camera at 2.35 m. 

  

Figure 15. Side by side cameras. 
Both images were in same viewing 
plane and provided no depth of 
field benefit. 

Figure 16. Side and overhead cameras. To obtain 
improved depth of field camera viewing, visual 
planes were orientated 90 degrees to each other. 
However, in this setup lack of room and safety 
when exiting the bed at night made a side camera 
position impractical. 
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3.2.1.3 Digital Video Recorder 

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. 
Camera proprietary software was used for playback. The settings for each camera 
were programmed via the digital video recorder (Figure 18). 

3.3 Reliability and Validity of Sleep Posture Assessment 

This section is adapted from a manuscript published in the journal WORK (Cary, 
Stirling, et al., 2019). See Appendix 4. 

The aims of this study were to determine the reliability and validity of assessing 
sleep posture, including sub-classified side lying sleep postures, in the home 
environment under varying light and bed cover conditions. 

3.3.1 Methods 

3.3.1.1 Ethics 

This study was approved by the Human Research Ethics Committee at Curtin 
University, reference PT0169 (Appendix 1). Written informed consent was provided 
by each health care professional prior to viewing the videos. Consent for the 
distribution and publication of images in this study and any additional related 
information was provided by the model. 

3.3.1.2 Definition of Sleep Postures 

The sleep postures used for this study (Figure 14) were defined as follows: 

 

 

Figure 17. Foot end and side overhead. The combination of an 
overhead camera and foot end camera, provided both the 
optimal viewing angles for depth of field and practical 
placement in the majority of homes. Cables were secured to 
flooring in areas of foot traffic for safety. 

Figure 18. Digital video 
recorder. A DVR was 
selected that allowed at 
least 2 cameras input. 

http://www.securitycameraking.com/
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1) Supine: head rotated left, right or neutral, chest facing the ceiling and legs 
either straight, bent or a combination. 

2) Supported side lying: one of two sub classifications of side lying. In the 
training video it was called ‘side lying’, however the terminology was 
modified and to be consistent throughout the thesis, this posture was 
renamed supportive side lying. The head is rotated left, right or neutral, with 
the top thigh resting on or behind the bottom thigh. Classified as right or left 
determined by lower shoulder. 

3) Provocative side lying: the other sub classified side lying sleep posture 
which was called ¼ prone in the training video, in which the head is rotated 
left, right or neutral, with the top thigh forward of the bottom thigh 
Classified as right or left determined by lower shoulder. 

4) Prone: head rotated left, right or neutral, chest facing the floor and both 
legs straight. 

3.3.1.3 Sleep Posture and Sleep Conditions 

Six sleep postures were video recorded under six different sleep conditions. 

The sleep postures tested were; 

1) Supine 

2) SSL left 

3) SSL right 

4) PSL left 

5) PSL right 

6) Prone. 
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The sleep conditions tested were; 

1) Natural light with clothes only 

2) Natural light with a sheet 

3) Natural light with a sheet and duvet 

4) IR with clothes only 

5) IR with a sheet 

6) IR with a sheet and duvet. 

Video images of the six sleeping postures were captured simultaneously in two 
visual planes, using cameras at the foot end of bed and overhead. Each of the six 
sleeping postures were captured for each of the six sleeping conditions. The same 
model demonstrated each sleep posture and all video was captured in the model’s 
bedroom. Figure 19 shows the model under a sheet, illuminated with IR, in the 
supine posture, from foot end (CAM 1) and overhead cameras (CAM 2). 

 

 

Figure 19. Supine sleep posture from two viewing planes using infrared cameras with 
sheet. To determine a sleep posture, it was important that a combination of viewing 
angles and a high-quality image was available, to accurately determine the placement of 
trunk and legs. 

3.3.1.4 Procedure 

The order of the six sleep postures was randomised for each of the six sleep 
conditions. The sleep posture order for each sleep condition was then transcribed 
onto an audio recording. During videoing, the model demonstrated each sleep 
posture based upon the audio recording. Each of the six sleep postures was 
maintained for 10 seconds and on completion of the sleep posture sequence for 
that sleep condition (60 seconds of recording), the model returned to supine and 
placed their hands-on their head for 10 seconds to demonstrate the end of the 
sleep posture sequence for that sleep condition. This procedure was repeated for 
the five other sleep conditions.  
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Figure 20. CONSORT Flow Diagram: Reliability and validity study 

The recorded video was then imported into video editing software and a short 
training prologue section was added. This consisted of a picture of each sleep 
posture, with superimposed explanatory text describing the key features of the 
sleeping posture (supine, SSL, PSL and prone). Total video time was nearly 10 
minutes, including the training section. 

The Reliability and Validity Video was uploaded to a file sharing service and 125 
health care professionals were invited to participate (Figure 20). Twenty were 
recruited by invitation and provided with personalised links see (Reliability and 
Validity Video). While the training video demonstrated six sleep postures, 
participants did not have to identify right and left as we were only interested in 
correct identification of the sleep posture. The professionals were asked to identify 
each of the 36 sleep postures as supine, SSL (right and left were combined), PSL 
(right and left were combined) or prone and email their completed Reliability and 
Validity Recording Sheet to the researcher (Appendix 3). The health professionals 
viewed the video on two separate occasions, with at least a two-day interval 
between viewings. 

3.3.1.5 Data Analysis 

Inter-rater reliability was determined using Fleiss’s Kappa, comparing the 
concordance of classifications made by the 20 health professionals during their first 

https://drive.google.com/file/d/1u8qOf72w8htzuMdAf7zafSA4l3u25XIP/view?usp=sharing
https://drive.google.com/file/d/1u8qOf72w8htzuMdAf7zafSA4l3u25XIP/view?usp=sharing
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viewing of the recorded postures under different lighting and bed conditions. Intra-
rater reliability was analysed using Cohen’s Kappa, comparing the classifications 
made by each professional during their first and second viewings of the recorded 
postures. Validity was determined using Cohen’s Kappa comparing the classification 
by each of the 20 professionals during their first viewing of the video against the 
known posture of the model. 

3.3.1 Results 

3.3.1.1 Reliability of Posture Classification 

Twenty health professionals (18 physiotherapists, 2 chiropractors; 12 female) with 
between two and 42 years of clinical experience (M = 16.7, SD = 12.4), viewed the 
uploaded recording twice. 

Inter-rater and intra-rater reliability were excellent. Cohen’s Kappa for intra-rater 
reliability was .93 (95% CI = .80, 1.0) with a value of 1.0 for 25% of the health 
professionals and Fleiss Kappa for inter-rater reliability was .83 (95% CI = .82, .84). 

3.3.1.2 Validity of Posture Classification 

Concordance between the health professionals’ classification and the known 
posture was excellent, Cohen’s Kappa was .91 (95% CI = .77, 1.0). 

3.4 Pilot Study: Sleep Posture and Waking Spinal Symptoms 

This section is adapted from a manuscript published in the Journal of Sleep 
Disorders: Treatment & Care (Cary et al., 2016). See Appendix 2. 

3.4.1 Methods 

3.4.1.1 Procedure 

Fifteen participants were recruited through word of mouth, information flyers in 
medical clinics and an article in the local paper over a period of 16 weeks (Appendix 
2). The procedure was explained and if volunteers agreed to participate, a recording 
date was agreed. There were no exclusion criteria (Figure 21). 

On the arrival of the researcher, participants completed a Consent Form (Appendix 
6) and a Pre-Sleep Questionnaire (Appendix 7). When completing the Pre-Sleep 
Questionnaire, participants nominated the percentage time of each night they 
spent in each of the four sleep postures and the frequency and location of morning 
symptoms experienced in the past month. Camera stands, cameras and other 
equipment were assembled in the sleeping area of the participant. Both cameras 
were set to record from 2000 to 0800 hours. 
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Figure 21. CONSORT Flow Diagram: Pilot study 

The aims of this pilot study were to examine the utility of the new recording 
protocol in the home environment, to examine the accuracy of self-report of sleep 
postures, including sub classified side lying sleep postures and to examine 
relationships between sleep posture and waking spinal symptoms. 

Camera alignment, zoom and focus were adjusted to accommodate the room size 
and bed orientation. This made analysis easier as it ensured when viewing data files 
from both cameras simultaneously, that the bed head was at the top of each 
picture frame and sufficient field of view was available on all sides of the bed 
(Figure 22). Participants were encouraged to maintain normal pre-sleep routines. 
After two nights equipment was retrieved. 

3.4.1.2 Data Analysis 

3.4.1.2.1 Video Recording 

Video data were reviewed on the digital video recorder, using proprietary software. 
Head, trunk and leg postures were noted and the overall sleep posture was 
categorised according to the defined sleep posture. Each posture change and time 
stamp were noted manually on a data-recording sheet, accurate to the closest half 
minute (Appendix 8). Arithmetical errors were detected when reviewing calculated 
sleep posture totals as part of the intra-rater reliability study. Errors were due to 
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manual calculation of sleep posture total times. Data were subsequently transferred 
to Excel to automatically sum sleep posture totals. 

3.4.1.2.2 Intra-rater Reliability of Sleep Posture Classification 

To determine intra-rater reliability of sleep posture classification in minutes, video 
recordings from Night 1 were first classified (i.e., Night 1a) using the posture 
definitions in Figure 14. Then in random order and with an interval of at least 2 
weeks, Night 1 classifications were duplicated (i.e., Night 1b). The reliability analysis 
of sleep postures from Night 1a and Night 1b were performed using the intraclass 
correlation coefficient (ICC). The ICC statistic and the 95% confidence interval (95% 
CI) were reported. 

3.4.1.2.3 First Night Effect 

To determine whether there was a first night effect, differences in the time spent in 
each of the four sleeping postures between Night 1b and Night 2 were compared 
using the paired samples t-test (p < .05). 

3.4.1.2.4 Accuracy of Self-Report of Sleep Posture Classification 

To enable comparisons with self-reported sleep posture percentage data, the 
minutes per night in each posture and total sleep time were averaged across Night 
1b and Night 2 and then expressed as a percentage for each sleep posture. 
Comparisons between self-reported sleep posture and actual sleep posture were 
made using the independent samples t-test (p < .05). 

3.4.1.2.5 Relationship Between Sleep Posture and Waking Symptoms 

To enable comparisons between waking symptoms and sleep postures, participants 
reported the number of mornings per month they woke with spinal pain and/or 
stiffness, in the following groups; 0, 1 - 3, 4 - 6, 7 - 10, and > 10 mornings per month. 
To ensure there were sufficient numbers in each cell, these categories were 
collapsed into three groups; no morning symptoms, one to three mornings per 
month and four or more mornings with symptoms per month. The average 

 

Figure 22. Synchronised camera orientation. The orientation of the cameras was 
adjusted so that the bed head was at the top of both screens and there was sufficient 
viewing of the bed to enable posture determination. 
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percentage of the night spent in each posture (Night 1b and Night 2) were then 
compared between the three groups using the independent samples Kruskal-Wallis 
test. 

3.4.1.3 Ethics 

Ethics approval was provided by Human Research Ethics Committee of Curtin 
University (Approval Number PTO169). All participants provided written informed 
consent. 

3.4.2 Results 

Fifteen participants (8 female, M = 44.2, SD = 17.18 years of age, 87% sleeping with 
a partner) completed the Pre-Sleep Questionnaire and underwent two consecutive 
nights of video recording. Participants spent the greatest proportion of the night in 
supported side lying, followed by similar amounts in supine and provocative side 
lying and a minimal amount in prone (Table 1). 

Table 1. Percentage of the night slept in each posture 

  N M SD 
Percentage in Supine 15 26.07 24.70 

Percentage in SSL 15 41.34 24.09 

Percentage in PSL 15 27.27 22.97 

Percentage in Prone 15 5.32 7.25 

Notes. SSL = Supportive side lying, PSL = Provocative side lying 

3.4.2.1 Utility of a New Recording Protocol in the Home Environment 

3.4.2.1.1 Utility of Video Recording 

Equipment portability and setup was found to be relatively easy across a range of 
different sleep environments and acceptable to participants. Setup and checking of 
equipment took approximately 45 minutes. The motion detection camera picked up 
all changes in sleep posture, confirmed by the continuous recording camera. On 
average, it took twice as long to analyse sleep posture data from the continuous 
camera recording for one night (i.e., 60 minutes) than from the motion detection 
recording (i.e., 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 automatic time stamp created by the onset of movement, was 
quicker than repeated rewinding the video to the start of the movement event. The 
use of two cameras enabled the capturing of images from different visual planes, 
which improved the ease of posture identification and provided an important 
source of data in case of a single camera malfunction. 
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3.4.2.1.2 First Night Effect 

There was no first night effect using this recording protocol in the home 
environment, with only non-significant differences found in the time spent in each 
posture between Night 1b and Night 2 (Table 2). 

Table 2. Mean differences in time spent in sleep postures for Night 1b and Night 2 

Posture N Mean Difference 95% CI p 
Supine 15 15.40 - 19.8 to 50.6 .364 

Supportive side lying 15 26.93 -21.9 to 75.7 .256 

Provocative side lying 15 -21.33 -43.6 to 0.92 .059 

Prone 15 -4.10 -34.3 to 26.1 .775 

Total Sleep Time 15 16.90 -5.42 to 39.2 .127 

Note. All measurements are in minutes 

3.4.2.1.3 Intra-rater Reliability of Sleep Posture Classification 

When duplicate analyses of night 1 occurred with at least a 2 week interval, the 
intra-rater reliability for all four sleep postures was excellent (Table 3). 

Table 3. Intra-rater reliability of duplicate classification of sleep posture 

Posture N ICC 95% CI 
Supine 15 .95 .85 to .98 

Supported side lying 15 .91 .76 to .97 

Provocative side lying 15 .97 .91 to .99 

Prone 15 .97 .90 to .99 

3.4.2.2 Accuracy of Self-report of Sleep Posture Classification 

The Pre-Sleep Questionnaire included a question asking for a self-reported estimate 
of sleep posture when the participant fell asleep and when they woke up. However, 
as time of falling asleep and time of waking up could not be verified, these data 
were not analysed. 

Participants were also asked to self-report the percentages of the night they 
believed they slept in each sleep posture. These self-reported percentages were 
reliably associated with video measured percentages for supine, but not for 
supported side lying, provocative side lying or prone. When combining the self-
reported SSL and PSL values to generate a single side lying score as is reported in 
other studies, a moderate ICC value was obtained (Table 4). 

Table 4. Reliability of self-report compared with video measured sleep posture 

Posture N ICC 95% CI 
Supine 15 0.70 .32 to .89 
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Supportive side lying 15 0.33 -.20 to .71 

Provocative side lying 15 0.48 -.02 to .79 

Combined side lying 15 0.59 .11 to .84 

Prone 15 0.31 -.23 to .70 

3.4.2.3 Relationships Between Sleep Posture and Waking Symptoms 

The frequency of morning symptoms per month (see Table 5) as reported by 
participants in the Pre-Sleep Questionnaire was divided into three groups; no pain 
(n = 3), 1 to 3 mornings per month (n = 8), and four or more mornings per month (n 
= 4). There were no significant differences between the frequency of waking 
morning symptoms per month and the average (Night 1b + Night 2) total amount of 
time (minutes) spent in any sleep posture (Table 5). 

 

 

 

 

 

 

 

 

Table 5. Comparison between average total time in a sleep postures and frequency of 
waking symptoms per month 

Average Time (minutes) Group N Median (IQR) Kruskal-Wallis p 
Supine no pain 3 27.0 (1.5,  )   
 

1 - 3 8 101.5 (39.4, 221.8)   
 

4+ 4 100.8 (34.4, 197.5)   

 Total 15 97.3 (27.0, 200.0) 0.38 .832 

Supportive side lying no pain 3 384.0 (56.0,)   

1 - 3 8 138.8 (114.4, 229.9)   

4+ 4 166.8 (142.0, 252.1)   

 Total 15 162.3 (123.8, 261.2) 1.77 .412 

Provocative side lying no pain 3 0.0 (0.0, 0.0)   

1 - 3 8 150.3 (44.6, 263.4)   

4+ 4 171.3 (37.2, 199.6)   

 Total 15 132.3 (21.5, 193.8) 3.55 .170 
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Prone  no pain 3 0.0 (0.0, 0.0)   

1 - 3 8 13.5 (0.0, 45.6)   

4+ 4 35.1 (0.0, 72.8)   

 Total 15 7.5 (0.0, 50.5) 1.58 .453 

Combined SSL and supine no pain 3 411.0 (356.0,)   

1 - 3 8 273.9 (182.8, 371.9)   

4+ 4 267.5 (178.6, 429.3)   

 Total 15 280.3 (194.2, 411.0) 2.08 .352 

Combined PSL and prone no pain 3 9.0 (0.0,  )   

1 - 3 8 191.8 (81.3, 287.9)   

4+ 4 213.8 (51.06, 251.8)   

 Total  184.5 (29.0, 482.4) 3.27 .195 

Notes. SSL= Supportive side lying, PSL = Provocative side lying 

Similarly, when the average (Night 1b + Night 2) time slept in each posture was 
converted to a percentage of the total sleep time, statistically there were no 
significant differences between average time slept in a posture and a specific 
frequency of morning symptoms per month (Table 6). 

 

 

 

 

Table 6. Comparison between average percentage amount of time in a sleep postures 
and frequency of waking symptoms 

Posture N Median (IQR) Kruskal-Wallis p 
Supine % 15 20.7 (5.4, 41.8) 0.26 .877 

Supportive side lying % 15 32.6 (27.7, 58.2) 2.03 .363 

Provocative side lying % 15 29.5 (4.2, 43.9) 3.58 .167 

Prone % 15 1.4 (0.0, 11.1) 1.58 .453 

 

However, visual inspection of boxplots (Figure 23 and 24) indicates that participants 
who spent a greater total amount of time or greater percentage of time in PSL or 
prone, experienced a greater number of mornings waking with symptoms per 
month. 
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Figure 23. Average total time (minutes) spent in each posture relative to the number of 
mornings waking with spinal symptoms 

 

Figure 24. Percentage of time spent in each posture, relative to the number of mornings 
waking with spinal symptoms. 
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3.5 Discussion 

The two studies reported in this chapter demonstrate the excellent levels of validity 
and reliability achievable when using two cameras as part of an unobtrusive and 
portable method to assess sleep posture, including intermediate side lying postures. 
Furthermore, the lack of a first night effect and high utility makes it an ideal, low 
cost method to assess sleep posture. Sample sizes were too small to find differences 
between time spent in sleep postures and waking spinal symptoms. However, visual 
inspection of boxplots suggests a relationship in that people who spent more time 
in provocative side lying or prone, experienced a greater frequency of waking spinal 
symptoms. 

Reliability and validity results using this new method of sleep posture assessment 
compared favourably with other studies. When observing healthy participants in a 
temperature-controlled laboratory with photography, prior authors used a four-
dimension classification system of sleep posture and reported an inter-tester 
reliability of over .8. Intra-tester reliability and validity were not reported (De 
Koninck et al., 1983). Other authors developed a computer algorithm that classified 
sleep postures into supine, side lying and prone, based on mattress indentation 
technology. The study was conducted in a sleep laboratory and the authors 
reported high reliability values of .9 for supine, and side lying and .8 for prone. They 
used a single camera video recording of sleep posture as the gold standard for 
comparison. However, no data were presented for the reliability or validity of using 
a single camera image as the gold standard to measure sleep posture (Verhaert, 
Haex, De Wilde, Berckmans, Vandekerckhove, et al., 2011). Neither study 
attempted to sub classify side lying into intermediate sleep postures, which are 
considered clinically important in regard to their influence on waking spinal 
symptoms. Nor did they undertake studies in the home environment. The 20 
participants involved in our study examining the reliability and validity of sleep 
posture, received minimal training to observe and analyse sleep posture via 
videography. It is likely that accuracy would improve further with the provision of 
training, experience and feedback. Thesis objectives 1 (development of a recording 
protocol) and 2 (examining recording protocol validity and reliability) are addressed 
by these two studies and show that with the high degree of accuracy in measuring 
sleep posture in the home environment, this recording method has obvious benefits 
in relation to determining relationships between sleep posture and waking spinal 
symptoms. It also has potential clinical use in managing spinal stenosis (Goldman, 
2003; LaBan et al., 1990), obstructive sleep apnoea (Itasaka, Miyazaki, Ishikawa, & 
Togawa, 2000; Kavey et al., 1985; Phillips et al., 1986), glaucoma (Kaplowitz et al., 
2015), severe peptic oesophagitis (Harvey et al., 1987), and post-surgery or pressure 
relief positioning (Edlich et al., 2004; Schutz, 1941). 

The ability of an individual to fall asleep and maintain their sleep varies enormously 
with the environment in which they are sleeping. Placed in a situation where the 
surrounds are different, such as 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 (Kronholm et al., 1987). Called the first night effect, data from the 
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first one or two nights are often excluded from analysis because of aberrant results. 
It has been found that the level of intervention (e.g., number of leads and 
attachments) relates to the severity of the first night effect. It was possible that 
noise from the computer cooling fans, camera LEDs, or the knowledge of being 
filmed might influence participants sleeping in their normal environment. However, 
in our second study which relates to thesis objective 3, no significant difference was 
found for any of the four sleep postures or total sleep time, indicating the 
equipment and awareness of being filmed did not impact on participants normal 
sleeping routine when in their home environment. Researchers and clinicians using 
this recording method therefore do not need to include any adaptive nights as part 
of data collection. 

Similar to the findings from other studies, our participants spent the greatest period 
of time in side lying (after combining SSL and PSL), followed by supine and the 
smallest period of time was spent in prone (De Koninck et al., 1992; Gordon et al., 
2004; Jacobson et al., 2010; Verhaert, Haex, De Wilde, Berckmans, Vandekerckhove, 
et al., 2011). To date, clinicians have largely relied on self-report from participants 
of their sleep posture to guide and assess interventions. Several clinical studies 
investigating the relationship between sleep posture and spinal symptoms have 
used self-report but provided no reliability or validity data confirming the accuracy 
of the self-report (Desouzart et al., 2016; Goldman, 2005; Gordon et al., 2004, 
2007a; Marin et al., 2006). Others have used a single IR camera as the gold standard 
to determine the reliability and validity of self-reported sleep postures, but did not 
report the accuracy of the video gold standard (Gordon et al., 2004). Looking more 
broadly at self-report and sleep measures, participants with insomnia 
underestimated total sleep time, sleep latency and number of nocturnal arousals 
(Carskadon et al., 1976). In a classic study comparing self-reported “poor sleepers” 
with “good sleepers” using PSG, it was found that self-report “poor sleepers” 
actually slept much better than would have been expected based upon self-report 
(Monroe, 1967). In view of the plausibility that time spent in sustained rotation and 
extension could be provocative on spinal tissues (Section 2.3.2.3.4), we wanted to 
determine not only the accuracy of self-report for side lying generally, but also for 
the newly sub classified side lying postures. Participants in our study nominated the 
percentage of time they thought they slept in supine, SSL, PSL and prone. 
Comparisons made between self-report and video measured percentage of time 
were only accurate for supine. Similar inaccuracies of self-reported sleep posture 
have been recently reported by other authors (Kaplowitz et al., 2015; Yu, 2018). In 
relation to thesis objective 3, we found participants could not reliably report the 
proportion of the night spent in all sleeping postures, including intermediate slide 
lying postures, indicating the need for an alternative and more reliable measure of 
sleep posture. 

Side lying is generally considered protective of spinal symptoms (Desouzart et al., 
2016; Gordon et al., 2007a). It is also the sleep posture in which most people spend 
most of the time (De Koninck et al., 1992). In this small sample of convenience, we 
found no statistical relationship between individual sleep postures and morning 
symptoms. The trend however, was that participants who spent greater periods of 
time in SSL had fewer mornings with symptoms per month than those who slept in 
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PSL, indicating the possible importance of sub classifying side lying. The lack of 
statistical significance might be due to the small sample size or a mismatch in time 
frames. Participants were asked about their symptom frequency over the preceding 
month, but video data were only collected for two nights. It is possible for some 
participants, that the nights recorded were not representative of nights that caused 
their waking symptoms. It would be beneficial in future research to include a brief 
questionnaire completed first thing in the morning that would capture relevant 
time sensitive information, like the degree of morning symptoms and previous 
night’s sleep quality. 

There were two notable differences in these studies when compared to previous 
studies. Firstly, because of the wide variety in biomechanical loading of the spine 
during side lying, these studies looked at the ability to sub classify and correctly 
identify intermediate side lying postures. Using this method, intermediate postures 
in addition to the classical sleep postures of supine and prone, can be correctly 
identified in the home environment. This is an important step to better 
understanding possible relationships between sleep postures and waking spinal 
symptoms. Secondly, to our knowledge, this is the first study to have utilised a dual 
IR camera system to record sleep posture. As the majority of previous research was 
carried out in temperature-controlled environments, participants would usually 
only sleep under a light sheet, making posture assessment significantly easier. The 
use of dual cameras in our studies, was an important feature to achieve accurate 
visualisation of sleep posture without provoking any first night effect. In the 
technically challenging home environment, occasional instances of pets, children 
and camera failure, highlighted the importance of data collection from separate 
sources. While more cameras might be beneficial, it could become physically 
problematic and potentially intimidating in most modern bedrooms. 

A possible limitation of the reported reliability and validity study, is that the model 
recorded was filmed sleeping alone. While in sleep laboratory research this is also 
the norm, in the home environment, sleeping with a partner would be common and 
may influence sleep posture in two ways. Firstly, determining the accuracy of sleep 
posture is influenced by bed coverings. When sleeping with a partner the coverings 
will assume contours not solely conforming to one body shape, possibly obscuring 
limbs and making posture analysis more difficult. However, in the pilot study intra-
rater reliability was very high in situations of both solo or partner sleeping. 
Secondly, it has been reported that sleeping with a partner induces more shifts in 
posture than when sleeping alone (Aaronson et al., 1980; Pankhurst & Home, 1994). 
It is not known however, if sleeping with a partner influences the sleep postures 
chosen. As we were primarily interested in measuring sleep posture, not posture 
changes in the home environment, we considered it more important to maintain a 
regular sleep routine and not separate couples. 

3.6 Conclusion 

The described recording method, utilising dual IR illuminated recording technology 
to collect valid and reliable sleep posture data in two planes, provides clinicians 
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with an unobtrusive and portable method of measuring sleep posture that does not 
evoke a first night effect. It has been demonstrated that health professionals with a 
range of experience and minimal sleep posture training can reliably classify sleep 
postures, including sub classified side lying sleep postures, under a variety of light 
and bedding conditions. Findings were non-significant, but participants who slept 
for greater periods of time in PSL or prone, had more mornings of symptoms per 
month than those who slept in SSL or supine. 

3.7 Chapter 3 Key Points 

• Excellent validity and reliability of sleep posture classification (i.e., 
supine, supportive side lying, provocative side lying and prone) has been 
demonstrated under different light and bed covering situations using a 
dual IR camera setup in the home environment 

• Using this setup, no first night effect was detected 

• Participants who spent more time in provocative side lying or prone, 
experienced a greater frequency of waking spinal symptoms. 
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Chapter 4. Relationships between Sleep Posture and Spinal 

Symptoms: Methods 

4.1 Introduction 

Research with a focus on posture has been conducted in association with sleep 
pathologies such as insomnia, positional OSA, restless legs (LaBan et al., 1990; 
Ravesloot, van Maanen, Dun, & de Vries, 2013; van Maanen et al., 2012)) and sleep 
systems (Hsia et al., 2009; Verhaert, Haex, De Wilde, Berckmans, Verbraecken, et 
al., 2011). Research examining the potential role sleep posture may have on waking 
spinal symptoms is however limited, with few studies reported in this area 
(Desouzart, Filgueiras, et al., 2014; Gordon et al., 2007a). Most recently, Desouzart 
et al. (2016) used education as an intervention to modify participants’ sleep 
posture, in a group of female seniors (N = 20) with spine pain. However, no 
objective measurement of sleep posture was used at baseline or on follow-up to 
confirm sleep posture or whether it actually changed in response to the education 
intervention. 

This chapter describes the use of the valid and reliable method to assess sleep 
posture reported in the prior chapter and examines relationships between sleep 
posture and waking spinal symptoms in the home environment. Expanding on the 
prior pilot study (N = 15) detailed in Chapter 3, the methodology of a larger baseline 
cross-sectional study (N = 53) and a subsequent longitudinal study (N=33) are 
described. In the cross-sectional study, relationships between sleep posture and 
waking spinal symptoms in participants a control group (n = 20), predominantly 
cervical (n = 13) and predominantly lumbar (n = 20) spine symptoms were 
compared. In the longitudinal study the two symptomatic groups were provided an 
education-based intervention with the aim of changing sleep posture, and 
reassessed at 4 and 16 weeks. 

4.2 Trial Registry and Ethical Approval 

Ethical approval was provided by Curtin University Human Research Ethics 
Committee on 15/7/2014 (HR 140/2014) (Appendix 9). 

Both the cross-sectional and longitudinal studies were registered with the 
Australian New Zealand Clinical Trials Registry on 4/07/2014 
(ACTRN12614000708651 and ACTRN12614000707662 respectively) (Appendix 10). 

4.3 Participants 

A total of 53 participants (36 female) who were recruited over a period of 2.5 years, 
were allocated on enrolment based on symptoms into one of three groups; Controls 
(n = 20, 16 female), Cervical (n = 13, 10 female) and Lumbar (n = 20, 10 female) 
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(Figure 26). Recruitment occurred in Esperance, a rural town of Western Australia 
through word of mouth, recruitment posters, radio interviews, letters to possible 
referrers and newspaper advertisements (Appendix 5). Past patients were 
approached to participate if they had not previously been treated for spinal 
symptoms. The initial goal was to enrol 30 participants in each group, but for 
several reasons, participant numbers were limited in the Control and Lumbar 
groups to 20 and in the Cervical group to 13. Only those in the symptomatic groups 
(Cervical and Lumbar N = 33) were invited to participate in the longitudinal study. 

Volunteers were allocated to either the Cervical or Lumbar group depending on 
their self-reported dominant area of symptoms at enrolment. Symptoms of spinal 
pain, stiffness or bothersomeness needed to be greatest in bed or on rising, that 
largely settled within an hour, greater than or equal to 3 out of 10 on a NRS (Yang & 
Haldeman, 2016), and occurred four or more times per month. If symptoms were 
less frequent than four times per month, or were less than 3 out of 10, participants 
were allocated to the Control group. Volunteers could only be allocated to one 
group. 

4.3.1 Exclusion Criteria 

Volunteers that were less than 18 years of age, or greater than 46 years of age were 
excluded. The younger age was for legal consent reasons and the upper age to 
minimise the chances of confounding factors like increasing severity of spinal 
degenerative changes (Gore, 2001). Volunteers with medical conditions such as 
severe osteoarthritis, spinal stenosis, oesophageal reflux and late stage pregnancy 
or using devices such as breathing apparatus that prevented them from sleeping in 
all postures were excluded  (Gordon & Buettner, 2009). Those with co-existing 
medically diagnosed inflammatory conditions or unremitting pain (e.g., rheumatoid 
arthritis, neuropathic pain) were also excluded. Volunteers using medically 
prescribed hypnotic or relaxant medications would have been excluded as these 
medications can alter frequency of posture changes as noted in Section 2.5.5.2. but 
none were excluded for this reason. 

4.4 Measurements 

4.4.1 General Information 

Participants in all three groups (Control, Cervical and Lumbar) were emailed a link to 
a Survey Monkey questionnaire (Appendix 18) that enabled the online completion 
of a range of baseline information. The online survey took on average 20 minutes to 
complete and was divided into several sections including general information and 
patient reported outcomes. 
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The general information section collected data on; 

• Age 

• Gender 

• BMI 

• Medications 

• Level of education 

• Self-reported percentage of time in each sleep posture (Supine, SSL, PSL, 
Prone) 

• In what spinal area(s) did they experience their waking symptoms 

• NRS for pain, stiffness, bothersomeness and quality of sleep for the prior 
2 weeks 

• Number of mornings per month they experience waking symptoms 

4.4.2 Patient Reported Outcome 

Due to the vanguard nature of this sleep posture research, the aims of these studies 
were to collect a broad range of pain, functional, sleep and quality of life patient 
reported outcome (PRO) measures, so as to better understand possible 
relationships between sleep posture and waking spinal symptoms. In each domain 
at least two commonly utilised measures were included. For example, in the sleep 
domain both the Insomnia Sleep Index (ISI) and the Pittsburgh Sleep Quality Index 
(PSQI) were used. The ISI is quicker to complete, and groups participant into four 
insomnia categories. The PSQI takes longer and participants are divided into poor 
and good sleepers. However, it also provides other information like sleep efficiency, 
reasons for poor sleep and day time functioning. 

The same email link to participants as noted in Section 4.4.1., enabled online 
completion of a range of NRS and questionnaires, selected to examine relationships 
between sleep posture and spinal symptoms, disability, quality of sleep, and quality 
of life. 

4.4.2.1 Numerical Rating Scales 

Numerical rating scales for waking pain, stiffness, bothersomeness and quality of 
sleep in the prior 2 weeks were included. Higher scores indicated increased 
symptoms for pain, stiffness and bothersomeness and better quality of sleep. 

The minimal clinical important difference (MCID) in a group of patients with non-
specific neck pain was 2.5 points (Pool, Ostelo, Hoving, Bouter, & de Vet, 2007), 
with cervical radiculopathy it ranged from 0.4 to 2.1 (MacDowall, Skeppholm, 
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Robinson, & Olerud, 2018). The MCID was 1.2 points in a group of lumbar surgery 
patients (Copay et al., 2008) and 1.5 points at 4 weeks follow-up in a group of 
patients with LBP (Childs, Piva, & Fritz, 2005). In a group of patients with 
rheumatoid arthritis a MCID of 0.6 for quality of sleep was found significant (Wells, 
Li, Maxwell, MacLean, & Tugwell, 2007). We could find no calculated MCID scores 
for bothersomeness and stiffness, however a 1.5 MCID estimate has been used for 
bothersomeness as an outcome measure for participants with cLBP (Sherman, 
Cherkin, Erro, Miglioretti, & Deyo, 2005).  

4.4.2.2 Roland-Morris Disability Questionnaire (RMQ) 

A 24-item, immediate recall self-reported lumbar disability measure, found to be 
reliable, valid and responsive to change over time. Higher scores indicated greater 
disability. In groups of participants with acute and subacute pain, and RMQ, MCIDs 
were found to vary depending on baseline measurements. In a group of LBP 
patients with baseline scores of 0 – 8, a MCID of 2 was considered significant 
(Stratford, Binkley, Riddle, & Guyatt, 1998). Others have reported a reduction of 
30% from baseline measurement as significant (Jordan, Dunn, Lewis, & Croft, 2006). 
No permission is required for the use of this questionnaire. 

4.4.2.3 Neck Disability Index (NDI) 

A 10-item, self-reported questionnaire for cervical disability with good reliability 
(Pearson's r = .89, p < .05). Concurrent validity is .69 with the McGill Pain 
Questionnaire and .60 with VAS (Vernon & Mior, 1991). Higher scores indicate 
greater disability. The MCID in a group of patients with non-specific neck pain was 
3.5 points (Pool et al., 2007). No permission is required for the use of this index. 

4.4.2.4 Spine Functional Index (SFI-10) 

A 10-item, 2 weeks recall whole of spine functional measure, the SFI-10 
demonstrated high criterion validity with the Functional Rating Index (r = .87), 
equivalent internal consistency (α = .91) and a single-factor structure in patients 
with spinal pain referred to physiotherapy clinics by medical practitioners (Feise & 
Menke, 2010; Gabel, Melloh, Burkett , & Michener, 2013). The SFI-10 demonstrated 
suitable reliability ICC = .97 and responsiveness (standardised response mean = 
1.81). The Flesch-scale reading ease was 64% and user errors were 1.5%. A lower 
percentage indicates greater disability. A minimal detectable change (90% CI) was 
1.7 points for the cervical spine and 1.5 points for the lumbar spine (Gabel et al., 
2013). Permission has been granted by the developer to use this index. 

4.4.2.5 Hospital Anxiety and Depression Scale (HADS) 

A 14-item, two domain assessment widely used to identify cases of anxiety and 
depression in non-psychiatric hospital clinics for adults greater than 16 years of age 
(Zigmond & Snaith, 1983). There are two subscales, anxiety (HADS-A) and 
depression (HADS-D). Each item is scored on a 4-point Likert scale (0 - 3) generating 
anxiety and depression scores ranging from 0 to 21. Each score is categorised as a 
non-case (0 - 7 points), a borderline case (8 - 10 points) or a case (≥ 11 points). The 
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correlations between the two subscales varied from 0.40 to 0.74 (M = 0.56). 
Cronbach’s alpha for HADS-A varied from 0.68 to 0.93 (M = 0.83) and for HADS-D 
from 0.67 to 0.90 (M = 0.82) (Bjelland, Dahl, Haug, & Neckelmann, 2002). It was 
found that the HADS performed well in assessing the symptom severity of anxiety 
and depression in somatic, primary care, the general population (Bjelland et al., 
2002) and those with acute LBP (Turk et al., 2015). No MCID for pain related 
populations was found. A MCID in pulmonary participants is around 1.5 points or 
20% of baseline score (Puhan, Frey, Büchi, & Schünemann, 2008). No permission is 
required to use this scale. 

4.4.2.6 Insomnia Severity Index (ISI) 

A 7-item, 2 weeks recall self-reported scale designed to assess the nature, severity 
and impact of insomnia and to monitor treatment response in adults (Bastien, 
Vallieres, & Morin, 2001; Morin, Belleville, Belanger, & Ivers, 2011). Scale 
development included a heterogenous group of patients with insomnia secondary 
to pain conditions (Smith, Perlis, Smith, Giles, & Carmody, 2000). Each item is 
scored on a 5-point Likert scale (0 = not at all, 4 = extremely likely), generating a 
total score (range 0 - 28). Total scores indicate severity of clinical insomnia, 0 - 7 
points = no clinically significant insomnia, 8 - 14 points = subthreshold insomnia, 15 
- 21 points = moderate clinical insomnia, 22 - 28 points = severe clinical insomnia. 
Internal consistency (α = .90) and face and content validity correlated with sleep 
diaries, PSG and interviews. A cut-off score of 10 had 86.1% sensitivity and 87.7% 
specificity for detecting insomnia cases in a community sample and a cut off level of 
14 has optimal sensitivity (94%) and specificity (94%) in distinguishing a group of 
adults diagnosed with primary insomnia from those without (Smith & Trinder, 
2001). A change score of six represents a clinically meaningful improvement in 
those with primary insomnia (Yang, Morin, Schaefer, & Wallenstein, 2009). The ISI 
has been validated as a web-based questionnaire. Permission was granted to use by 
Dr Morin. 

4.4.2.7 Pittsburgh Sleep Quality Index (PSQI) 

A 19-item, 7-domain, 2 weeks recall self-reported questionnaire which examines 
subjective sleep quality, with global scores ranging from 0 to 21. The PSQI has good 
psychometric properties with both internal consistency and test–retest reliability in 
the .80 range (Backhaus, Junghanns, Broocks, Riemann, & Hohagen, 2002), and 
excellent stability measured over a 1 year period (Knutson, Rathouz, Yan, Liu, & 
Lauderdale, 2006). Researchers using the PSQI, have demonstrated the ability to 
differentiate among a number of patient populations with varying sleep quality, 
convergent and discriminant construct validity (Carpenter & Andrykowski, 1998) 
and the PSQI is responsive to treatment aimed at improving sleep (Eadie et al., 
2013). A global PSQI score greater than 5 is considered a poor sleeper and yielded a 
diagnostic sensitivity of 89.6% and specificity of 86.5% (kappa = .75, p < .001) in 
distinguishing between good and poor sleepers. Higher scores indicate poorer sleep 
quality (Broderick, Junghaenel, Schneider, Pilosi, & Stone, 2012; Buysse, Reynolds, 
Monk, Berman, & Kupfer, 1989). A change score of 3 is argued to be clinically 
significant (Buysse et al., 2011). Permission was granted to use by Dr Buysse. 
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4.4.2.8 Medical Outcomes Study 36-Item Short-Form version 2 Health Survey (SF36v2) 

The Short Form-36 is a well-validated health-related quality of life measured. 
Version 2 (1 week recall) is available and was used with Australian normative data 
(Marin, Taylor, & Gill, 2009; Ware & Sherbourne, 1992). It yields an 8-scale profile of 
functional health and well-being, of which two standardised summary scores (i.e., 
Physical Component Score and Mental Component Score) can be calculated. A 
higher score is indicative of a better general health status. In lumbar spine surgery 
patients the MCID of the physical component is 4.9 points where the total possible 
score is 100 points (Copay et al., 2008) and changes between 3 and 5 points are 
accepted as clinically relevant (Frendl & Ware Jr, 2014; Norman, Sloan, & Wyrwich, 
2003). License granted was granted by QualityMetric Health Outcomes TM Scoring 
Software (QMo19116). 

4.4.3 Video Night Measurements 

Retrieved video data were reviewed on the network video recorder, using 
proprietary software. Head, trunk and leg postures were noted and the overall 
sleep posture (i.e., supine, SSSL, PSL and prone) was categorised according to the 
sleep posture definitions outlined previously (Figure 14). For some analysis, 
postures were also grouped into supportive, including supine and SSL and 
provocative, including PSL and prone, based upon plausible spinal load. See Section 
2.5.4. Each posture change was manually recorded on a data-recording sheet 
(Appendix 8) relative to the time stamp and rounded up to the next half minute. For 
example, 31 to 59 seconds became a full minute and 1 to 29 seconds became a half 
minute. To be recorded, a posture needed to be sustained for at least 1 minute. 
Head movements from neutral to right or left rotation, without a change in trunk 
position were recorded, but were not considered a new posture because of no 
major change in load on the spine. If participants moved from right to left SSL or 
PSL, this was recorded and considered as a new posture, due to the major change in 
body posture and associated perceived spinal load. Sustained posture intervals of 
30 minutes or greater without a major change in body posture were noted as a 
LPPI. 

In addition to the collection of video data, participants completed a Morning After 
Questionnaire (Appendix 11) each morning after being videoed, to score pain, 
stiffness, bothersomeness and quality of sleep on a NRS in relation to the prior 
night. 

4.5 Procedure 

Participants enrolled in the cross-sectional study were contacted at two timepoints, 
enrolment and baseline assessment. Participants enrolled in the longitudinal study 
were contacted at four timepoints; enrolment, baseline assessment, 4 weeks 
assessment and 16 weeks after baseline assessment/intervention (Figure 25). 
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Figure 25. Flowchart of sleep posture intervention study 

Volunteers were asked screening questions in an interview to determine eligibility 
for inclusion into the study (Appendix 12). All volunteers who were not excluded, 
were allocated using a process of best fit, to one of the three groups (Figure 26). 

On acceptance into the study, the study procedure was explained in detail to each 
participant and a time to install equipment was arranged. Friday and Saturday 
nights, or other nights that were considered by participants to be unrepresentative 
of their normal sleep routine, were avoided when possible (e.g., changeover night 
from night shift to day shift). On arrival at the home of the participant, the 
researcher assembled the camera stands, mounted both cameras and installed the 
other related equipment, as described in Section 3.4.1.1. Equipment was checked 
for correct settings and imaging of appropriate visual fields. The necessary field of 
view was explained to the participant and a computer monitor was left in situ, so 
that participants could correct the imaged visual fields in case a camera was 
accidentally knocked. 

Participants were given an information sheet explaining the study and their 
involvement (Appendix 13). If they slept with a partner, a separate information 
sheet was provided for the partner (Appendix 14). All participants and partners 
signed a participation consent form (Appendix 15 and Appendix 16). To capture 

Enrolment

•Participant	Recruitment	Form

Baseline	
Assessment	and	
Intervention

•Provided	Participant	and	Partner	(if	applicable)	Information	Sheets
•Completed	Participant	and	Partner	Consent	Forms
•Video	Assessment
•Morning	After	Questionnnaires
•Online	baseline	Survey	(Survey	Monkey)
• Intervention

4	Week	
Asessment	After	
intervention

•Video	Assessment
•Morning	After	Questionnnaires
•Online	4	Week	Survey	(Survey	Monkey)

16	Weeks	After	
Intervention

•Online16	Week	Survey	(Survey	Monkey)
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details specific to each night’s sleep, participants were provided with two copies of 
the Morning After Questionnaires (Appendix 11), in which participants reported if 
and where they experienced morning symptoms and rated their pain, stiffness, 
bothersomeness and quality of sleep, on a NRS from 0 to 10. An email link to their 
online baseline survey (Survey Monkey) was provided (see Appendix 18). 

After two nights video recording equipment and the Morning After Questionnaires 
were collected.  

Participants allocated to the Cervical or Lumbar groups, were then instructed on 
sleep postures believed to be supportive (supine and SSL) of the spine and postures 
believed to be provocative (PSL and prone) of the spine (Figure 14). This explanation 
included having the participant lie down on their bed in each supportive posture; 
supine, right SSL and left SSL with the researcher provided feedback until the 
participant had correctly obtained each posture. The researcher also explained why 
on the basis of plausible adverse spinal load, provocative sleep posture (right and 
left PSL and prone) were to be avoided. An educational handout reviewing the 
supportive sleep postures (Appendix 17) was provided to participants to assist 
future recall of the correct sleep postures. Participants were encouraged to adopt 
supportive sleep postures when going to bed and during arousal in the night for the 
following 4 weeks. No other follow-up was provided. 

4.5.1 Four Weeks Post-Intervention Assessment 

The online survey (Survey Monkey) and video data collection were repeated 4 
weeks after the baseline timepoint. Installation of recording equipment was 
repeated for sleep posture reassessment and participants were provided with 
another email link to complete their 4 week post-intervention online survey. The 
questionnaire content was essentially the same as in the baseline survey (except for 
age, gender and level of education). All participants were filmed sleeping in the 
same bedroom, sleeping on the same sleep system, with the same partner as in 
their baseline recording. Participants were again provided with two copies of the 
Morning After Questionnaire for completion. Following completion of two nights 
recording, equipment and questionnaires were collected and participants were 
informed a link to their final online questionnaire would be emailed to them in 12 
weeks. 

4.5.2 Sixteen Weeks Post-Intervention Assessment 

Using the provided email link, participants repeated the online survey (Survey 
Monkey) 16 weeks after baseline. 

4.6 Data Analysis 

4.6.1 Sample Size  

A priori sample size calculations for this study were based on data collected from 
the 15 participants measured in the Pilot Study. See Section 3.5.2. Of these, three 
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reported no spinal pain and four reported four or more episodes of spinal pain per 
month. Participants from the pain free group spent 8% of the night in prone and 
those from the pain group 32%. Standard deviation for the sample was 5%. In order 
to detect a difference of the same magnitude a sample of 30 in the pain free group 
and 60 in the pain group would have a power of 99% assuming a two-tailed p-value 
of 0.05. Further, a sample of 60 people with pain would have sufficient size to 
detect a clinically meaningful change in pain of 1.5 points on a NRS assuming a SD of 
2 points, with a power of 99% or a clinically meaningful change of 5 standardised 
points on the SF36 summary scales assuming a SD of 10 points with a power of 96% 
following the intervention. 

4.6.2 Data Collection Changes 

Five participants were excluded from the cross-sectional data analysis (Figure 26). 
After completing baseline data collection, online questionnaire and video data 3 
participants were excluded from the longitudinal data analysis; 

• Participant ID 30 (Lumbar group) declined further involvement, stating they 
were no longer interested in participating (i.e., no 4 or 16 weeks online and 
no 4 week video data). 

• Participant ID 9 (Cervical group) moved interstate after completing the 
baseline data (i.e., no 4 or 16 weeks online and no 4 week video data). 

• Participant ID 8 (Cervical group) completed the 4 week video and Morning 
After Questionnaires, but not the online questionnaires and was 
uncontactable (i.e., no 4 or 16 weeks online data) (Figure 27) 

Data collected using the online questionnaire were exported as a SPSS file and 
combined with video data. Questionnaires were scored according to published 
scoring algorithms or according to instructions provided by developers. Sleep data 
from Night 1 and Night 2 were averaged prior to further analyses. 

Statistical analysis was performed using IBMÒ SPSSÒ v24.0. All data were checked 
for outliers by visual inspection of boxplots or population pyramids. Outlying data 
points were checked to ensure they were no data entry errors or measurement 
errors. This included checking of data scoring sheets and online questionnaires to 
confirm imported values were correct and there was consistency between Night 1 
and Night 2 values. 
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Figure 26. CONSORT Flow Diagram: Baseline study 
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Figure 27. CONSORT Flow Diagram: Longitudinal study 

On initial review of the raw video data for outliers within groups, it became 
apparent that while some participants were by definition sleeping in PSL (i.e., top 
thigh advanced forward of the bottom thigh, see Figure 14) because of the use of 
pillows and/or duvet providing top thigh support, participants technically did not 
induce spinal rotation or extension. For this reason; 

• Participant ID 44 (Control group) who slept with a pillow under their 
thigh for both nights during what would typically be classified as PSL. 
Therefore, these periods were reclassified to SSL  

• Participant ID 42 (Control group) slept in Night 1 for 96 minutes in PSL 
with a pillow under their thigh. This was reclassified to SSL. 

• Participant ID 36 (Control group) was noted to spend in Night 1, 46 
minutes in PSL and 44 minutes in prone, in both situations with a pillow 
under chest and trunk. The data were left as initially recorded as the 
lumbar spine was still rotated in PSL and while the lumbar spine was 
neutral in prone with the pillow support, the cervical spine was rotated. 
However, on Night 2, 26 minutes were spent in PSL with a double fold of 
duvet that neutralised spinal rotation. That period was reclassified to SSL. 
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Other changes were made because; 

• Participant ID 37 (Control group) Night 1, both cameras were recording 
motion detected movements and it was noted the participant was asleep 
in PSL at 24:37hrs but on next motion detection activation at 01:02hrs, 
was in SSL, at 1:11hrs was in SSL and at 1:48hrs was in PSL, indicating the 
camera was not detecting all movements. For this reason, the time spent 
was averaged across both sleep postures for these time intervals. 

Genuinely unusual values were rare and retained in the analyses. 

Descriptive statistics were presented as count and percentage, mean (M) and 
standard deviation (SD) or median and interquartile range. The distribution of the 
data was examined using numerical (Shapiro-Wilk test) and graphical (visual 
examination of Histograms and Normal Q-Q Plots) methods. Achieving a normal 
distribution was difficult for the Control group in the baseline studies, particularly 
for the PRO variables as most participants in this group reported low or no 
symptom levels. 

A p < .05 (two tailed where appropriate) was considered significant for all analyses. 
No corrections were made for multiple comparison as all hypotheses were 
developed prior to data analysis. 

4.6.3 Cross Sectional Study 

A chi-square test was used to compare categorical variables between groups. 
Intraclass correlation coefficient analysis was used to compare self-reported sleep 
posture (Appendix 18, Question 6 “In the last 2 weeks, what percentage (%) of the 
night do you spend in each position? Total to equal 100”) with the actual 
percentage time spent in each sleep posture, gathered from averaging the two 
recorded nights’ video data. 

Intraclass correlation coefficient was used to compare 2 weeks prior waking spinal 
symptoms and quality of sleep (Appendix 18, Questions 10 – 13) with Morning After 
Video questionnaire waking spinal symptoms and quality of sleep (Appendix 11). 
The ICC statistic and 95% CI were reported. 

After outliers and normality assumptions were checked, homogeneity of variance 
was checked using the Levene statistic for normally distributed data (p > .05 
significant). Between group comparisons were undertaken using a one-way analysis 
of variance (ANOVA) statistic (F). For non-normally distributed data a Mann-
Whitney U test (U) was undertaken to compare means or distributions. 

4.6.4 Longitudinal Study 

In general, to examine changes following the intervention, the paired samples t-test 
was used to compare between baseline and 4 weeks for sleep video data and the 
one-way repeated measures ANOVA statistic was used to compare between all 
three time points for each PRO. If distribution was normal, mean and standard 
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deviation were reported, if not a normal distribution, then median and interquartile 
ranges were reported. When there were extreme outliers or there was a violation 
of the assumption of sphericity, a Friedman test was conducted to confirm the 
ANOVA analysis. Mauchly’s test was used to examine the assumption of sphericity 
and where this assumption was violated (p < .05 significant) a Greenhouse-Geisser 
adjusted p value was reported. No corrections were made for multiple pairwise 
comparison as all hypotheses were developed prior to data analysis. 

4.7 Chapter 4 Key Points 

• The methodology of a cross sectional and longitudinal study are 
described 

• In addition to sleep posture video data, a broad range of pain, functional, 
sleep and quality of life PRO measures were collected for both studies 
using an online survey instrument 

• Volunteers are allocated into one of three groups based upon symptoms; 
Control, Cervical and Lumbar 

• After collection of baseline data, participants in the Cervical and Lumbar 
groups received education on how to change their sleep posture and 
were evaluated again at 4 and 16 weeks after the intervention. 
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Chapter 5. Relationships between Sleep Posture and Spinal 

Symptoms: Results 

5.1 Cross Sectional Study 

5.1.1 Characteristics of Control, Cervical and Lumbar Groups 

Fifty-three participants were recruited for this study, 20 participants each in the 
Control and Lumbar groups and 13 in the Cervical group. The age of participants 
ranged from 18 to 45 years, with the largest group of participants in the 41 to 45 
years range (Table 7). 

Overall there were more female than male participants, with 16 females in the 
Control group and 10 in both the Cervical and Lumbar groups. There were no 
significant differences in distribution of age or gender between groups (Table 7). 

With regard to education, in the Control group the largest percentage of 
participants achieved postgraduate or higher education while in the Cervical and 
Lumbar groups the largest percentage obtained a trade qualification. In the Cervical 
group an equal proportion of participants obtained an undergraduate degree and 
an undergraduate degree. These variations were not statistically significant (Table 
7). 

Body mass index scores did not differ significantly (p = 0.632) between the Control 
(M = 26.86, SD = 4.95, 95% CI: 24.54, 29.17), Cervical (M = 25.93, SD = 3.20, 95% CI: 
23.99, 27.86) and Lumbar (M = 25.75, SD = 4.03, 95% CI: 23.87, 27.64) groups. 
Baseline BMI categorical classifications are detailed in Table 7. 
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Table 7. Characteristics of sample 
 

Control Cervical Lumbar Total Value p 

Age       
18-20 2 (4%) 0 (0%) 1 (%) 3 (6%)   

21-25 3 (6%) 2 (4%) 4 (8%) 9 (17%)   

26-30 2 (4%) 1 (2%) 2 (4%) 5 (9%)   

31-35 3 (6%) 1 (2%) 1 (2%) 5 (9%)   

36-40 1 (2%) 6 (11%) 3 (6%) 10 (19%)   

41-45 9 (18%) 3 (6%) 9 (17%) 21 (40%)   

Total 20 (100%) 13 (100%) 20 (100%) 53 (100%) 11.3 .336 

Gender 
Male 4 (8%) 3 (6%) 10 (19%) 17 (32%)   

Female 16 (30%) 10 (19%) 10 (19%) 36 (68%)   

Total 20 (38%) 13 (30%) 20 (38%) 53 (100%) 4.8 .092 

Education 
High school 4 (20%) 1 (8%) 3 (15%) 8 (15%)   

Trade qualification 2 (10%) 4 (31%) 7 (35%) 13 (24%)   

Undergraduate degree 5 (25%) 4 (31%) 4 (20%) 13 (24%)   

Postgraduate or higher 8 (40%) 1 (8%) 4 (20%) 13 (24%)   

Other  1 (5%) 3 (23%) 2 (10%) 6 (11%)   

Total 20 (100%) 13 (100%) 20 (100%) 53 (100%) 9.9 .270 

BMI 
Underweight (< 18.5) 2 (10%) 0 (0%) 0 (0%) 2 (10%)   

Normal (18.5, 24.99) 6 (30%) 5 (38) 10 (50%) 21 (40%)   

Overweight (25, 29.99) 8 (40%) 7 (54%) 7 (35%) 22 (42%)   

Obesity 1 and 2 (30+) 4 (20%) 1 (8%) 3 (15%) 8 (16%)   

Total 20 (100%) 13 (100%) 20 (100%) 53 (100%) 8.7 .366 

5.1.1.1 Medication 

Participants nominated the types of medications and supplements they were 
currently using. Approximately the same percentage in each group used no 
medications or supplements; Control group 60% (n = 12), Cervical group 46% (n = 6) 
and Lumbar group 65% (n = 13). Similar percentages in each group used one to two 
medications and supplement; Control 30% (n = 6), Cervical 30% (n = 6) and Lumbar 
46% (n = 6), and respectively 10% (n = 2), 5% (n = 1) and 8% (n = 1) used three or 
more medications or supplements. The types of medications and supplements used 
in each group are detailed in Table 8. 
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Table 8. Medication and supplement use for all groups 

Type of Medication Control Cervical Lumbar Total 
Pain relief 0 (0%) 6 (15%) 2 (5%) 8 (20%) 

Antidepressant/Anxiety 2 (5%) 3 (8%) 2 (5%) 7 (18%) 

NSAID 1 (2%) 1 (2%) 1 (2%) 3 (8%) 

Other* 12 (30%) 4 (10%) 6 (15%) 22 (55%) 

Total 15 (38%) 14 (35%) 11 (28%) 40 (100%) 

Note. Other* includes medications for birth control, anti-reflux, high blood pressure, high 
cholesterol, underactive thyroid, hay fever and mineral supplements 

5.1.2 Accuracy of Self-Reported Sleep Posture 

Participants’ self-reported percentage of sleep in each of the main sleep postures 
was compared with the actual percentage of time participants spent in each sleep 
posture measured with video recordings. Correlations were poor within sleep 
postures (ICC < .34), indicating participants’ self-report of sleep posture was not 
accurate (Table 9). 

Table 9. Comparison of self-report and actual percentage of time spent in each sleep 
posture 

Variable M SD ICC 95% CI 

Supine 

Self-report % supine 24.49 21.69 
 

 

Actual % supine 35.80 16.53 .25 -.02, .48 

Supportive Side Lying 

Self-report % SSL 26.11 25.00 
 

 

Actual % SSL 38.52 17.20 .27 .00, .50 

Provocative Side Lying 

Self-report % PSL 40.66 27.33 
 

 

Actual % PSL 21.94 19.07 .34 .08, .56 

Prone 

Self-report % prone 8.74 16.68 
 

 

Actual % prone 3.74 5.79 .28 .02, .51 

Note. SSL = Supported side lying, PSL = Provocative side lying 

5.1.3 Consistency of Waking Symptoms and Quality of Sleep 

At baseline, participants were asked to rate their waking spinal symptoms and 
quality of sleep in reference to the prior 2 weeks (Table 10). This was compared 
with their ratings provided each morning after recording their sleep posture using 
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the Morning After Sleep questionnaire. Values from the two mornings were 
averaged for comparison. There were strong correlations for pain, stiffness, 
bothersomeness and quality of sleep, indicating the spinal symptoms and quality of 
sleep that occurred after the two videoed nights, were consistent with participants’ 
usual waking symptoms and quality of sleep. 

Table 10. Comparison of prior 2 weeks with waking spinal symptoms and quality of sleep 

Variable M SD ICC 95% CI 

Pain 

Prior 2 weeks pain 2.77 2.28   

Average morning pain 2.37 2.21 .86 .77, .92 

Stiffness 

Prior 2 weeks stiffness 3.40 2.37   

Average morning stiffness 3.19 2.34 .80 .68, .88 

Bothersomeness 

Prior 2 weeks bothersomeness 3.43 2.30   

Average morning bothersomeness 2.82 2.37 .82 .71, .89 

Quality of Sleep 

Prior 2 weeks quality of sleep 5.36 2.20   

Average morning quality of sleep 5.83 1.84 .70 .54, .82 

 

5.1.4 Comparing Control and Cervical Groups 

At baseline, participants were asked to nominate the area and frequency of their 
waking spinal symptoms and their sleep quality in reference to the prior 2 weeks. 
Participants also completed a range of patient reported outcomes online using a 
Survey Monkey link. Sleep posture data was collected from video recordings over 
two consecutive nights and values were averaged. Results comparing the Control 
and Cervical groups are presented in this section. 

5.1.4.1 Distribution of Symptoms 

Visual examination of Table 11 indicates participants allocated to the Cervical group 
experienced self-reported cervical symptoms more frequently than the Control 
group, however they also experienced symptoms in other spinal areas. One 
participant, (Cervical 4), nominated on enrolment cervical as the area of most 
symptoms, but in their baseline questionnaire, nominated mid back as the area of 
most symptoms over the prior two weeks. Participants in the Control group 
experienced symptoms in a range of spinal locations, but because the intensity was 
less than three out of ten or the symptoms they experienced occurred less than 
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four times per month, they had been allocated to the Control group. See Section 
4.3. 

Table 11. Location of symptoms in prior two weeks in the Control and Cervical groups 

Area of Symptoms Control* (n = 20) Cervical* (n = 13) 
Nil 5 0  

Neck  5 12 

Mid back  3 3 

Low back  9 3 

Other 1 5 

Note. * Participants in each group could nominate more than one area of symptoms, 
Other = Non-spinal area of symptoms e.g., knee 

5.1.4.2 Frequency of Waking Symptoms 

Visual inspection of Figure 28 shows that the majority of the Control group reported 
a much lower frequency of morning symptoms per month. To be included in the 
Control group, participants needed to experience morning spinal symptoms less 
than four times per month. This meant that some still experienced symptoms, but 
not frequently enough to be included into the Cervical group. The majority of 
participants in the Cervical group experienced morning symptoms nine or more 
times per month. 

 

Figure 28. Frequency of morning symptoms at baseline between the Control and Cervical 
groups 
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5.1.4.3 Prior 2 Week Waking Symptoms and Quality of Sleep 

At baseline, participants in the Cervical group self-reported significantly higher 
levels of all spinal symptoms and a significantly lower level of sleep quality in the 2 
weeks prior to data collection (Table 12). 

Table 12. Descriptive statistics and analyses of the prior 2 weeks symptoms in Control 
and Cervical groups 

Variable Control (n = 20) Cervical (n = 13) Analyses 

Descriptives Min/Max Descriptives Min/Max F/U p 
Pain b 0.0 (0.0, 1.0) 0.0/4.0 5.0 (3.5, 6.0) 3.0/8.0 0.0U < 

.001 

Stiffness b 1.0 (0.0, 2.0) 0.0/3.0 5.0 (3.0, 6.0) 0.0/8.0 0.0U < 
.001 

Bothersomeness b 1.0 (0.0, 2.0) 0.0/4.0 6.0 (3.5, 7.0) 2.0/7.0 0.0 U < 
.001 

Quality of sleep a 6.5 (2.1) 1.0/9.0 4.8 (1.7) 1.0/7.0 5.5F .025 

Notes. a = Mean (standard deviation), b =median (interquartile range), F = ANOVA statistic score, U 
= Mann Whitney statistic score 

5.1.4.4 Patient Reported Outcomes 

Due to the vanguard nature of the research investigating sleep, a range of disability, 
mental health, quality of sleep and quality of life PRO questionnaires were 
completed by participants at baseline.  

Participants in the Cervical group recorded significantly poorer scores in all of the 
PRO questionnaires except the SF36 MS, when compared with the Control group 
(Table 15). This indicates participants in the Cervical group had higher disability as 
shown in the RMQ (even though is designed to measure acute and subacute lumbar 
spine pain) and NDI, and lower function as shown in the SFI. Participants in the 
Cervical group demonstrated higher levels of anxiety and depression. In regard to 
sleep quality, participants in the Cervical group scored higher in the ISI, but 
remained within the ‘no clinically significant insomnia’ group but would be classified 
as ‘poor sleepers’ using the PSQI classification. Participants in the Cervical group 
had poorer physical and mental health scores, with the physical score only being 
significant. 
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Table 13. Comparisons between the Control and Cervical groups across disability, sleep 
domains and quality of life measures at Baseline 
 

Control (n = 20) Cervical (n = 13) Analyses 

Variable Descriptives Descriptives F/U P 
RMQ b 0.0 (0.0, 0.0) 2.0 (1.0, 3.5) 17.5 U < .001 

Spine Functional Index b 98.0 (93.0, 100) 86.0 (68.0, 94.0) 25.0 U < .001 

Neck Disability Index b 2.0 (0.0, 6.0) 18 (12.0, 26.0) 20.5 U < .001 

Insomnia Sleep Index b 3.0 (1.0, 4.0) 6.0 (4.5, 9.5) 54.0 U .004 

PSQI a 3.2 (1.6) 7.4 (4.1) 15.2 F .002 

SF36 PS b 69.3 (62.9, 71.8) 58.6 (52.4, 67.8) 192.0 U .022 

SF36 MS b 83.5 (78.6, 86.4) 80.0 (63.8, 84.45) 171.0 U .137 

HADS – Anxiety a 2.5 (2.3) 5.3 (2.8) 10.4 F .003 

HADS – Depression b 1.0 (0.0, 2.8) 3.0 (2.0, 4.0) 69.5 U .024 

Notes. a = Mean (standard deviation), b = median (interquartile range), F = ANOVA statistic score, U 
= Mann Whitney statistic score, F = ANOVA score, U = Mann Whitney score, RMQ = Roland-Morris 
Disability Questionnaire, HADS = Hospital Anxiety and Depression Scale, PSQI = Pittsburgh Sleep 
Quality Index, SF36 PS = Short Form 36 Physical Score, SF36 MS = Short Form 36 Mental Score 

Group means are presented in Table 15, but the PSQI and ISI questionnaires present 
their results as categorical variables. For this reason, separate tables have been 
prepared (Table 13 and 14). These tables demonstrate that participants in both 
symptomatic groups had poorer PSQI scores in comparison to the Control group 
and that while both groups had poorer ISI scores, they were only significant in the 
Lumbar group.  

Table 14. Pittsburgh Sleep Quality Index in Control, Cervical and Lumbar groups 

PSQI Chi Square 

Group Good Poor Value p 

Control 19 (95%) 1 (5%)   

Cervical 5 (38%) 8 (62%) 12.7 .001 

Lumbar 6 (30%) 14 (70%) 18.0 < .001 
Note: PSQI = Pittsburgh Sleep Quality Index 

 

Table 15. Insomnia Sleep Index in Control, Cervical and Lumbar groups 

 Insomnia Sleep Index Chi Square 

Group No Insomnia Subthreshold 
Insomnia 

Clinical. 
Insomnia 

Value p 

Control 17 (85%) 3 (15%) 0   

Cervical 7 (54%) 5 (38%) 1 (8%) 4.4 .112 

Lumbar 7 (35%) 10 (50%) 3 (15%) 10.9 .012 
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5.1.4.5 Comparison of Sleep Posture Variables 

5.1.4.5.1 Comparison of Percentage Time and Total Time in Sleep Postures 

A range of sleep posture variables were extracted from the video data to examine 
possible relationships with waking spinal symptoms; specifically, the percentage of 
time and the total amount of time spent in each sleep posture (i.e., supine, SSL, PSL 
and prone) and the percentage of time and total amount of time spent in combined 
supportive (i.e., supine plus SSL) and combined provocative (i.e., prone plus PSL) 
sleep postures. See Section 4.4.3. 

Participants in the Cervical group spent a greater percentage of the night in PSL 
(Table 16). When postures were merged into two categories, provocative and non-
provocative, there were significant difference between groups in both categories. 
When time in each posture was expressed in absolute values, the Cervical group 
spent an average of three times as long in provocative side lying, this difference was 
again apparent when postures were merged into two categories. 

Table 16. Comparisons between the Control and Cervical Groups in time spent in each 
posture, expressed as a percentage of the total time in bed (Percentage Time) or in 
minutes (Total Time) 
 

Control (n = 20) Cervical (n = 13) Analyses 

Variable Descriptives Descriptives F/U p 

Percentage Time 

Supine a 39.2 (17.3) 32.8 (17.3) 1.2 F .289 

Supportive side lying a 43.0 (17.7) 31.2 (15.1) 3.6 F .066 

Provocative side lying b 16.0 (2.2, 22.4) 29.6 (12.7, 48.8) 187.0 U .036 

Prone b 1.9 (0.0, 4.0) 6.4 (0.0, 12.1) 175.0 U .102 

Supportive Combined b 82.2 (74.6, 96.0) 64.0 (49.3, 75.5) 141.0 U .002 

Provocative Combined b 17.8 (4.0, 25.4) 36.0 (24.5, 50.6) 210.0 U .002 

Total Time (minutes) 

Supine a 178.6 (75.9) 170.8 (85.1) 0.8 F .785 

Supportive side lying a 200.8 (91.6) 158.1 (83.1) 1.8 F .185 

Provocative side lying b 75.0 (10.2, 97.5) 153.0 (63.7, 242.5) 194.0 U .018 

Prone b 8.8 (0.0, 17.0) 32.1 (0.0, 59.5) 179.0 U .074 

Supportive Combined a 379.5 (326.2, 453.9) 328.9 (254.2, 396.2) 178.0 U .118 

Provocative Combined b 83.8 (16.4, 105.2) 185.1(118.0, 251.8) 212.0 U .002 

Notes. a = Mean (standard deviation), b = median (interquartile range), F = ANOVA statistic score, U 
= Mann Whitney statistic score 

5.1.4.5.2 Duration of Sustained Sleep Posture 

It was of interest to determine if there were any relationships between the number 
of posture changes (i.e., counted as a movement from one posture to another), 
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number of LPPI and in what posture the LPPI occurred. If a posture was held for 30 
minutes or more it was counted as one LPPI. See Section 4.4.3. We wanted to 
compare LPPI in the standard way (Standard LPPI) and also how many units of 30 
minute intervals (Actual LPPI) accrued. 

Participants in the Cervical group changed their sleep postures more frequently 
during the night (p = .029). The number of LPPI were not significantly different 
between the groups (Standard or Actual), however, participants in the Cervical 
group spent more of their LPPI in provocative sleep postures (Table 17). 

Table 17. Comparison of posture immobility between Control and Cervical groups at 
Baseline 

 Control (n = 20) Cervical (n = 13) Analyses 

Variable Descriptives Descriptives F/U p 
# Posture changes a 18.3 (6.5) 23.6 (6.6) 5.2 F .029 

# Standard LPPI b 5.0 (3.6, 6.4) 6.0 (5.5, 6.5) 78.5 U .057 

# Actual LPPI a 7.8 (2.4) 8.3 (1.3) 0.4 F .526 

# Supportive LPPI a 6.6 (2.7) 5.5 (1.9) 1.5 F .227 

# Provocative LPPI b 0.5 (0.0, 1.5) 2.0 (1.5, 4.0) 59.5 U .008 

Notes. # = Number of, LPPI = Long periods of postural immobility, a = Mean (standard deviation), b 
= median (interquartile range), F = ANOVA statistic score, U = Mann Whitney statistic score 

5.1.5 Comparing Control and Lumbar Groups 

At baseline, participants were asked to nominate the area, frequency of their 
waking spinal symptoms and sleep quality in reference to the prior 2 weeks. 
Participants also completed a range of patient reported outcomes online using a 
Survey Monkey link. Sleep posture data was collected from videos recorded over 
two consecutive nights and values were averaged. Results comparing the Control 
and Lumbar groups are presented in this section. 

5.1.5.1 Distribution of Symptoms 

Visual examination of data in Table 18, indicates participants allocated on 
enrolment to the Lumbar group experienced self-reported waking lumbar 
symptoms more frequently than the Control group. As noted in Section 5.1.4.1., 
participants in the Control group did experience symptoms and in a range of spinal 
locations. However, because the frequency of symptoms was not sufficiently high, 
they were allocated to the Control group. Participants in the Lumbar group also 
experienced symptoms in a variety of spinal locations, with the majority of 
participants experiencing symptoms in their low back. Participants were allocated 
to the Lumbar group on the basis of best fit at enrolment because they nominated 
the Lumbar area as the area they experienced the most waking symptoms. See 
Section 4.5. The period of elapsed time between enrolment and collecting baseline 
data may be the reason why four participants allocated to the Lumbar group did not 



Relationships between sleep posture, waking spinal symptoms and sleep quality 

130 

nominate low back as an area of pain in the prior two weeks, rather they nominated 
other area(s). 

Table 18. Location of symptoms in the prior two weeks in the Control and Lumbar groups 

Area of symptoms * Control* (n = 20) Lumbar* (n = 20) 
Nil 5 0  

Neck  5 4 

Midback  3 6 

Low back  9 16 

Other 1  3 

Notes. *Participants in each group could nominate more than one area of symptoms, 
Other = Non-spinal area of symptoms e.g., knee 

5.1.5.2 Frequency of Waking Symptoms 

Visual inspection of Figure 29 shows that the majority of the Control group reported 
waking symptom frequency of four or less times per month Reasons for why 
participants in the Control group experienced symptoms have been discussed in 
Section 5.1.4.2. The majority of participants in the Lumbar group reported waking 
symptoms of five or more times per month, although one person reported 
experiencing lumbar morning symptoms one to four times per month. 

 

Figure 29. Frequency of morning symptoms at baseline between the 
Control and the Lumbar groups 
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5.1.5.3 Prior 2 Week Waking Symptoms and Quality of Sleep 

At baseline, participants in the Lumbar group self-reported significantly higher 
levels of all spinal symptoms and a significantly lower level of sleep quality in the 2 
weeks prior to data collection (Table 19). 

Table 19. Descriptive statistics and analyses of prior 2 weeks waking symptoms in Control 
and Lumbar groups at Baseline 

Variable Control (n = 20) Lumbar (n = 20) Analyses 

Descriptives Min/Max Descriptives Min/Max F/U p 
Pain b 0.0 (0.0, 1.0) 0.0/4.0 4.0 (3.0, 5.0) 0.0/7.0 44.4 

U 
< 
.001 

Stiffness b 1.0 (0.0, 2.0) 0.0/3.0 5.0 (3.2,6.8) 2.0/7.0 10.5 

U 
< 
.001 

Bothersomeness b 1.0 (0.0, 2.0) 0.0/4.0 4.0 (3.0, 6.0) 3.0/7.0 12.0 

U 
< 
.001 

Quality of sleep a 6.5 (2.1) 1.0/9.0 4.6 (2.2) 1.0/9.0 8.2 F .007 

Notes. a = Mean (standard deviation), b =median (interquartile range), F = ANOVA statistic score, U 
= Mann Whitney statistic score 

5.1.5.4 Patient Reported Outcomes 

Participants in the Lumbar group recorded significantly poorer scores in all of the 
PRO questionnaires except the HADS - Depression, when compared with the 
Control group (Table 20). This indicates participants in the Lumbar group had higher 
disability as shown in the RMQ and NDI (even though is designed to measure 
disability associated with neck pain), and lower function as shown in the SFI. 
Participants in the Lumbar group demonstrated higher levels of anxiety. Sleep 
quality was reported as being poorer for participants in the Lumbar group. 
Participants scored higher in the ISI and would be classified as having ‘subthreshold 
insomnia’ and according to the PSQI would be classified as ‘poor sleepers’. 
Participants in the Lumbar group had significantly poorer physical and mental 
health scores. 
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Table 20. Comparisons between Control and Lumbar groups across disability, sleep 
domains and quality of life measures at Baseline 
 

Control (n = 20) Lumbar (n = 20) Analyses 

Variable Descriptives Descriptives F/U P 
RMQ b 0.0 (0.0, 0.0) 2.0 (1.0, 5.0) 29.0 U < .001 

Spine Functional Index b 98.0 (93.0, 100) 80.0 (62.5, 91.5) 28.5 U < .001 

Neck Disability Index b 2.0 (0.0, 6.0) 9.0 (4.5, 13.5) 70.0 U < .001 

Insomnia Sleep Index b 3.0 (1.0, 4.0) 10.0 (5.2, 11.8) 73.0 U < .001 

PSQI a 3.2 (1.6) 6.7 (3.1) 73.5 F < .001 

SF36 PS b 69.3 (62.9, 71.8) 59.9 (50.7, 68.8) 276.0 U .040 

SF36 MS b 83.5 (78.6, 86.4) 77.2 (68.9, 82.8) 275.0 U .043 

HADS – Anxiety a 2.5 (2.3) 6.4 (4.8) 11.8 F .001 

HADS – Depression b 1.0 (0.0, 2.8) 2.0 (0.2, 6.0) 149.5 U .174 

Notes. a = Mean (standard deviation), b =median (interquartile range), F = ANOVA statistic score, U 
= Mann Whitney statistic score, RMQ = Roland-Morris Disability Questionnaire, HADS = Hospital 
Anxiety and Depression Scale, PSQI = Pittsburgh Sleep Quality Index, SF36 PS = Short Form 36 
Physical score, SF36 MS = Short Form 36 Mental score 

5.1.5.5 Comparison of Sleep Posture Variables 

5.1.5.5.1 Comparison of Percentage Time and Total Time in Sleep Postures 

As noted in Section 5.1.4.5.1., a range of sleep posture data including Percentage 
Time and Total Time in sleep postures was extracted. When sleep postures were 
combined, participants in the Lumbar group spent a greater percentage of time in 
provocative sleep postures and a greater amount of total time in provocative sleep 
postures, however these results were non-significant (Table 21). 
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Table 21. Comparisons between the Control and Lumbar groups in time spent in each 
posture, expressed as a percentage of the total time in bed (Percentage Time) or in 
minutes (Total Time) 
 

Control (n = 20) Lumbar (n = 20) Analyses 

Variable Descriptives Descriptives F/U p 

Percentage Time 

Supine a 39.2 (17.3) 34.5 (16.8) 0.8 F .380 

Supportive side lying a 43.0 (17.7) 38.8 (16.1) 0.6 F .431 

Provocative side lying b 16.0 (2.2, 22.4) 23.0 (6.6, 33.6) 251.0 U .174 

Prone b 1.9 (0.0, 4.0) 3.9 (0.0, 5.3) 219.0 U .620 

Supportive Combined b 82.2 (74.6, 96.0) 73.1 (63.6, 92.0) 133.0 U .072 

Provocative Combined b 17.8 (4.0, 25.4) 26.9 (8.0, 36.3) 267.0 U .072 

Total Time (minutes) 

Supine a 178.6 (75.9) 164.0 (70.9) 0.4 F .531 

Supportive side lying a 200.8 (91.6) 193.2 (88.8) 0.1 F .792 

Provocative side lying b 75.0 (10.2, 97.5) 115.3 (34.6, 186.8) 256.0 U .134 

Prone b 8.8 (0.0, 17.0) 19.2 (0.0, 24.8) 219.0 U .620 

Supportive Combined a 379.5 (326.2, 453.9) 357.2 (301.1, 447.6) 172.0 U .461 

Provocative Combined b 83.8 (16.4, 105.2) 134.6 (40.8, 199.0) 272.0 U .052 

Notes. a = Mean (standard deviation), b = median (interquartile range), F = ANOVA statistic score, U 
= Mann Whitney statistic score 

5.1.5.5.2 Duration of Sustained Sleep Posture 

Participants in the Lumbar group changed their sleep postures more frequently 
during the night (non-significant) and while they had similar Actual LPPI, they spent 
more LPPI in provocative sleep postures (non-significant) (Table 22). 

Table 22. Comparison of posture immobility between Control and Lumbar groups at 
Baseline 

 Control (n = 20) Lumbar (n = 20) Analyses 

Variable Descriptives Descriptives F/U p 
# Posture changes a 18.2 (6.5) 22.9 (9.1) 3.5 F .071 

# Standard LPPI a 5.2 (1.6) 6.0 (1.5) 2.7 F .108 

# Actual LPPI b 8.5 (6.0, 9.4) 8.5 (6.0, 9.9) 186.0 U .718 

# Supportive LPPI b 6.8 (5.1, 8.5) 6.0 (4.1, 8.1) 224.5 U .512 

# Provocative LPPI b 0.5 (0.0, 1.5) 1.5 (1.5, 3.4) 144.0 U .134 

Notes. # = Number of, LPPI = Long periods of postural immobility, a = Mean (standard deviation), b 
=median (interquartile range), F = ANOVA statistic score, U = Mann Whitney statistic score 
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5.2 Longitudinal Study 

5.2.1 Cervical Group Comparisons 

In this section the responses of the Cervical group to the sleep posture education 
intervention will be reported. 

5.2.1.1 Have the Video Characteristics of Sleep Posture Changed? 

Following the postural education, participants in the Cervical group decreased the 
percentage of time and the total amount of time they spent in provocative postures 
(p = .001). More specifically, there was an increase in the percentage of time spent 
in SSL (p = .009) and a reduction in the percentage of time spent in PSL (p = .006) 
and prone (p = .016). The percentage or total amount of time participants spent in 
supine did not change significantly. With regard to total time in other sleep 
postures, participants increased the amount of time they spent in SSL (p = .022) and 
decreased the amount of time in PSL (p = .004) and prone (p = .014) (Table 23). 

Table 23. Cervical group comparison of Percentage and Total Time in each sleep posture 
at Baseline and 4 Weeks 

 Baseline 4 Weeks Paired T-Test 

Variable M SD M SD t p 

Percentage Time 

Supine 31.8 15.3 31.6 21.2 0.03 .977 

Supportive side lying 30.8 17.5 52.4 19.8 -3.18 .009 

Provocative side lying 32.1 16.8 14.4 13.9 3.37 .006 

Prone 5.4 6.8 1.6 4.6 2.84 .016 

Supportive Combined 62.5 15.8 84.0 14.5 -4.50 .001 

Provocative Combined 37.5 15.8 16.0 14.5 4.50 .001 

Total Time (minutes) 

Supine 166.2 87.1 155.8 101.5 0.46 .655 

Supportive side lying 156.2 86.5 267.8 121.5 -2.67 .022 

Provocative side lying 165.8 88.6 69.8 65.8 3.57 .004 

Prone 27.4 34.5 7.0 20.3 2.93 .014 

Supportive Combined 322.5 88.3 423.5 103.8 -2.98 .012 

Provocative Combined 193.2 84.5 79.8 67.8 4.75 .001 

 

Changes in percentage of time spent in each sleep posture after the intervention 
period, approximated those percentages of time spent in each sleep posture by the 
Control group at baseline (Table 24). 
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Table 24. Percentage of time in Cervical and Lumbar groups at 4 weeks compared to 
Control group at Baseline 

 Control Cervical Lumbar 

Variable Baseline % Baseline % 4 Weeks % Baseline % 4 Weeks % 

Supine 39 32 32 34 36 

Supportive side lying 43 31 52 39 50 

Provocative side lying 16 32 14 23 12 

Prone 02 6 2 4 2 

Supportive Combined 82 63 85 73 86 

Provocative Combined 18 37 15 27 14 

 

Following the postural education period there was a small, non-significant reduction 
in the number of posture shifts and while there were no significant changes in the 
standard or actual number of LPPI, participants spent significantly fewer actual LPPI 
in provocative sleep postures and more LPPI in supportive sleep postures (Table 25). 

Table 25. Cervical group comparison of posture shifts and Long Periods of Postural 
Immobility at Baseline and 4 Weeks 

 Baseline 4 Weeks Paired T-Test 

Variable M SD M SD t p 
Posture Shifts/night 24.29 6.30 21.04 7.46 1.36 .201 

Standard definition # LPPI 6.00 0.67 5.67 1.44 0.77 .457 

Actual # LPPI (every 30 minutes) 8.17 1.28 8.46 2.95 -0.38 .709 

Actual # LPPI Periods in Supportive 5.33 1.83 7.75 3.33 -2.41 .035 

Actual # LPPI Periods in Provocative 2.83 1.9 0.71 0.81 5.20 .002 

Note. # LPPI = Number of long periods of postural immobility 

5.2.1.2 Have the Prior 2 Weeks Waking Symptoms and Quality of Sleep Changed? 

At each time-point, participants reported the severity of symptoms they 
experienced during the preceding 2 weeks using a NRS. The NRS scores for pain 
decreased following the intervention, recorded at 4 weeks, and continued to 
improve out to the 16 weeks follow-up (Table 26). A similar pattern was observed 
for stiffness and bothersomeness, however the reduction was not statistically 
significant for these variables (Table 26). Quality of sleep also improved after the 
intervention with further improvement apparent at 16 weeks (Table 26). 
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Table 26. Waking symptoms and quality of sleep in the Cervical group over the prior 2 
weeks at three time points 

 Baseline 4 weeks 16 weeks ANOVA 

Prior 2 weeks M SD M SD M SD F p 
Pain 4.64 1.56 2.82 a 2.52  2.54 3.1  4.12 .032 

Stiffness 4.72 2.20 4.09 2.16 3.09 2.7 2.76 .088 

Bothersomeness 5.27 1.90 4.18 2.36 3.64 2.69 2.20 .137 

Quality of sleep 4.82 1.77 5.64 2.06 6.46 a 2.16  3.95 .036 

Note. a significantly different from baseline 

5.2.1.3 Have the Morning after the Video Waking Symptoms and Quality of Sleep 

Changed? 

At time points where videos of sleep posture were recorded (Baseline and 4 weeks), 
participants were asked to record the severity of their symptoms and quality of 
sleep immediately in the morning on waking. There were significant improvements 
in the NRS for pain, stiffness and bothersomeness (Table 27). Interestingly while the 
quality of sleep improved, it was not significant (Table 27). 

Table 27. Cervical group waking symptoms and quality of sleep on morning after videoing 

 Baseline 4 Weeks Paired T-Test 

Variable M SD M SD t p 
Average morning pain 4.50 1.54 2.08 2.33 5.45 < .001 

Average morning stiffness 5.12 1.30 2.83 2.41 4.75 .001 

Average morning bothersomeness 5.08 1.30 2.96 2.12 4.78 .001 

Average morning quality of sleep 5.71 1.75 5.96 2.08 -0.57 .583 

5.2.1.4 Have Patient Reported Outcome Measures Changed? 

At three time points, data for each PROs were collected from the Cervical group 
(Table 28). There were significant improvements in two pain and dysfunction PRO 
measures. 
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Table 28. Cervical group comparison of patient reported outcomes over 16 weeks 

 Baseline 4 weeks 16 weeks ANOVA  
M SD M SD M SD F p 

NDI 18.18 10.06 13.45 9.51 1.82 a, b 2.27 21.76 <.001  

SFI 80.55 14.59 83.46 16.80 91.45 a, b 9.80 6.54 .007  

ISI 8.81 6.35 6.45 6.46 7.10 6.19 1.36 .278 

PSQI 7.40 4.11 6.70 4.62 6.70 4.73 0.20 .823 

SF36 PS 57.40 12.69 64.75 a 10.32  62.62 9.55 2.03 .178* 

SF36 MS 76.10 11.05 72.80 9.64 77.06 9.61 0.99 .354* 

HADS-A 5.27 2.80 4.81 2.89 4.55 3.39 0.36 .706 

HADS-D 3.36 2.25 3.27 3.90 2.27 2.00 0.70 .509 

Notes. NDI = Neck Disability Index, HADS = Hospital Anxiety and Depression Scale, PSQI = 
Pittsburgh Sleep Quality Index, SF36 PS = Short Form 36 Physical Score, SF36 MS = Short Form 36 
Mental Score, F = ANOVA statistic score, * Mauchly’s test adjusted p value (Greenhouse-Geisser), a 

significantly different from baseline, b significantly different from 4 weeks 

5.2.1.4.1 Pain and Disability 

The 4 week sleep posture intervention elicited improvements in the NDI over time 
(F(2, 20) = 21.578, p < .001, partial η2= 0.685) (Table 28). There was a non-
significant decrease in NDI from baseline to 4 weeks with a mean difference of -4.73 
(95% CI: -9.64, .18) points (p = .060) and with improvement continuing from 4 
weeks to 16 weeks with a mean difference of -11.64 (95% CI: -19.82, -3.45) points (p 
= .007), representing an overall improvement from baseline to 16 weeks of -16.36 
(95% CI: -24.73, -8.00) points (p = .001). 

There were also significant improvements in the SFI over time (F(2, 20) = 6.54, p = 
.007, partial η2= 0.40) (Table 28). The improvement in SFI achieved at the 4 week 
time point was not statistically significant with a mean difference of 2.91 (95% CI: -
2.24, 8.06) percent, (p = .236), but with continued improvement from 4 weeks to 16 
weeks the SFI was significant with a mean difference of 8.00 (95% CI: 0.12, 15.88) 
percent, (p = .047). There was a significant total improvement from baseline to 16 
weeks of 10.91 (95% CI: 3.37, 18.45) percent (p = .009). 

5.2.1.4.2 Insomnia and Quality of Sleep 

The 4 week sleep posture intervention did not elicit significant improvements in the 
ISI, a clinical measure of insomnia over time (F(2, 20) = 1.36, p = .278, partial η2= 
0.12) (Table 28). 

The 4 week sleep posture intervention did not elicit significant improvements in the 
PSQI, a measure of sleep quality over time (F(2, 20) = 0.22, p = .802, partial η2= 
0.02) (Table 28). 
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5.2.1.4.3 Quality of Life 

The 4 week sleep posture intervention did not elicit significant improvements in the 
SF36 physical component over time (F(2, 20) = 2.03, p = .178, partial η2= 0.169) 
(Table 28). Similarly, the intervention did not elicit any significant improvements in 
the SF36 mental component over time (F(2, 20) = 0.99, p = .354, partial η2= 0.09) 
(Table 28). 

5.2.1.4.4 Hospital Anxiety and Depression Scale 

The 4 week sleep posture intervention did not elicit significant improvements in the 
anxiety subscale (HADS-A) over time, (F(2, 20) = 0.36, p = .706, partial η2= 0.03) 
(Table 28). Similarly, there was no significant improvement in the depression 
subscale (HADS-D) over time, (F(2, 20) = 0.70, p = .699, partial η2= 0.06) (Table 28). 

5.2.2 Lumbar Group Comparisons 

In this section the responses of the Lumbar group to the sleep posture education 
intervention will be reported. 

5.2.2.1 Have the Video Characteristics of Sleep Posture Changed? 

Following the postural education, participants in the Lumbar group decreased the 
percentage of time and the total amount of time they spent in provocative sleep 
postures (p < .001). More specifically, there was an increase in the percentage (p = 
.003) and amount of time (p = .020) spent in SSL and a reduction in the percentage 
(p = .003) and amount of time (p = .001) spent in PSL. While the mean amount of 
time and percentage of time spent in prone reduced, this was not significant and 
similarly while the percentage and amount of time participants spent in supine 
increased it was not significant (Table 29). 
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Table 29. Lumbar group comparison of Percentage and Total Time in each sleep posture 
at Baseline and 4 Weeks 

 Baseline 4 Weeks Paired T-Test 

Variable M SD M SD t p 

Percentage Time 

Supine 33.99 17.18 35.97 16.86 -0.65 .524 

Supportive side lying 37.71 15.83 50.10 19.48 -3.49 .003 

Provocative side lying 24.16 19.08 12.18 18.25 3.49 .003 

Prone 4.12 6.59 1.75 3.62 1.68 .111 

Non-Provocative Combined 71.71 18.91 86.07 19.49 -4.23 < .001 

Provocative Combined 28.29 18.91 13.93 19.49 4.23 < .001 

Total Time (minutes) 

Supine 162.40 72.54 164.50 74.72 -0.13 .899 

Supportive side lying 189.10 89.16 233.63 95.28 -2.56 .020 

Provocative side lying 121.36 96.76 57.21 86.43 4.08 .001 

Prone 20.26 32.48 8.40 19.70 1.66 .114 

Non-Provocative Combined 351.47 98.45 398.13 94.91 -2.02 .059 

Provocative Combined 141.63 95.66 65.60 21.28 4.95 < .001 

 

Following the postural education period, participants in the Lumbar group 
decreased the number of posture changes and while there was no significant 
change in the standard definition or actual number of LPPI, participants spent 
significantly fewer actual LPPI in provocative sleep postures and more LPPI in 
supportive sleep postures (Table 30). 

Table 30. Group comparison of posture shifts and Long Periods of Postural Immobility at 
Baseline and 4 Weeks 

 Baseline 4 Weeks Paired T Test 

Variable M SD M SD t p 
Posture Shifts/night 23.42 9.03 18.92 6.91 2.76 .013 

Standard definition # LPPI 5.90 1.5  5.87  1.26 0.07 .942 

Actual # LPPI (every 30 minutes) 7.86 1.95 8.13 2.22 -0.51 .616 

Actual # LPPI Periods in Non-Prov. 5.90 2.49 7.60 2.34 -3.62 .002 

Actual # LPPI Periods in Prov. 1.97 1.84 0.71 1.35 3.29 .004 

Notes. # = Number of, LPPI = Long periods of postural immobility 
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5.2.2.2 Have the Prior 2 Weeks Waking Symptoms and Quality of Sleep Changed? 

At each time-point, participants reported the severity of symptoms they had 
experienced during the preceding 2 weeks using a NRS. The NRS scores for pain, 
stiffness and bothersomeness decreased following the education intervention 
recorded at 4 weeks and continued to improve out to the 16 weeks follow up (Table 
31). Quality of sleep improved at each time point after the intervention (Table 31). 

Table 31. Waking symptoms and quality of sleep in the Lumbar group over the prior 2 
weeks at three time points 

 Baseline 4 weeks 16 weeks ANOVA 

Prior 2 weeks M SD M SD M SD F p 
Pain 3.42 1.64 2.05 a 1.81 1.52 a 1.61 9.77 < .001 

Stiffness 4.74 1.62 3.68 a 1.76 2.79 a, b 1.87  10.28 < .001 

Bothersomeness 4.37 1.30 3.10 a 1.79 2.58 a 1.83  7.90 .001 

Quality of sleep 4.74 2.05 5.63 1.77 6.84 a, b 1.77  10.67 < .001 

Notes. a significantly different from baseline, b significantly different from 4 weeks 

5.2.2.3 Have the Morning after the Video Waking Symptoms and Quality of Sleep 

Changed? 

At time points where videos of sleep posture were recorded (Baseline and 4 weeks), 
participants were asked to record the severity of their symptoms and quality of 
sleep immediately in the morning on waking. There were significant improvements 
in the NRS for pain, stiffness and bothersomeness (Table 32). Interestingly, there 
was no significant improvement in quality of sleep (Table 32). 

Table 32. Lumbar group waking symptoms on morning after videoing 

 Baseline 4 Weeks Paired T-
Test 

Variable M SD M SD t p 
Average morning pain 3.00 1.47 1.68 1.56 2.79 .012 

Average morning stiffness 4.15 1.59 2.82 1.97 2.92 .009 

Average morning bothersomeness 3.68 1.68 2.37 1.85 2.62 .018 

Average morning quality of sleep 5.10 1.56 5.371 1.85 -1.77 .093 

5.2.2.4 Have Patient Reported Outcome Measures Changed? 

At three time points, data for each PROs were collected from the Lumbar group 
(Table 33). There were significant improvements in all PRO measures, other than 
the PSQI. 



Chapter 5. Relationships between Sleep Posture and Spinal Symptoms: Results 

141 

Table 33. Lumbar group comparison of patient reported outcomes over 16 weeks 

 Baseline 4 weeks 16 weeks ANOVA  
M SD M SD M SD F p 

RMQ 2.79 2.25 0.90 a 1.70 0.90 a 1.37 10.42* < .001 

RMQ (2) 2.65 2.23 0.35 a 0.49 0.65 a 1.00 15.04* .001 

SFI 79.16 12.48 89.68 a 10.90 91.47 a 11.87 20.25 < .001 

ISI 9.42 5.10 6.42 a 4.17 5.63 a 5.21 10.40 < .001 

PSQI 6.74 3.10 5.84 2.83 5.05 3.66 3.56* .055 

SF36 PS 60.20 9.34 65.80 a 7.10 65.34 a 8.74 4.94  .013 

SF36 MS 73.19 14.48 79.16 a 11.84 79.43 a 12.82 6.75* .008 

HADS-A 6.42 4.81 4.26 a 4.22 3.68 a 3.67 6.74* .010 

HADS-D 3.05 3.24 2.16 2.54 1.31 a, b 1.56  4.28* .037 

Notes. RMQ = Roland-Morris Disability Questionnaire, RMD (2) = results following removal of 
extreme outliers, HADS = Hospital Anxiety and Depression Scale, PSQI = Pittsburgh Sleep Quality 
Index, SF36 PS = Short Form 36 Physical Score, SF36 MS = Short Form 36 Mental Score, F = ANOVA 
statistic score, * Mauchly’s test adjusted p value (Greenhouse-Geisser), a significantly different 
from baseline, b significantly different from 4 weeks 

5.2.2.4.1 Pain and Disability 

The 4 week sleep posture intervention elicited improvements in the RMQ over time 
(F(1.42, 25.69) = 10.42, p < .001, partial η2 = 0.367) (Table 33). The RMQ decreased 
from baseline to 4 weeks with a mean difference of -1.90 (95% CI: -3.16, -0.63) 
points (p = .006) but not from 4 weeks to 16 weeks, mean difference of 0.00 (95% 
CI: -0.70, 0.70) points (p = 1.00). There was however a significant improvement from 
baseline to 16 weeks with an improvement in the mean difference of -1.895 (95% 
CI: -32.87 to -0.692) points (p = .001). A similar result was noted after removal of 
the two extreme outliers. 

The intervention also elicited significant improvements in the SFI over time (F(2, 36) 
= 20.246, p < .001, partial η2= 0.529) (Table 33). The SFI improved from baseline to 
4 weeks with a mean difference of 10.53 (95% CI: 5.22, 15.82) percent (p = .001) but 
not from 4 to 16 weeks, mean difference of 1.79 (95% CI: -1.37, 4.95) percent (p = 
.250). Overall there was a significant improvement from baseline to 16 weeks with a 
mean difference of 12.32 (95% CI: 7.86, 16.77) percent (p < .001). 

5.2.2.4.2 Insomnia and Sleep Quality 

The 4 week sleep posture intervention elicited improvements in the ISI over time 
(F(2, 20) = 10.40, p < .001, partial η2= 0.36) (Table 33). The ISI decreased from 
baseline to 4 weeks, mean difference of -3.0 (95% CI: -4.90, -1.15) points (p = .003) 
and continued to improve from 4 to 16 weeks, mean difference of -0.79 (95% CI: -
2.52, 0.94) points (p = .350). Overall, there was a significant improvement from 
baseline to 16 weeks after intervention, mean difference of-3.79 (95% CI: -5.73, -
1.85) points (p = .001). 
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The 4 week sleep posture intervention elicited a non-significant improvement in the 
PSQI over time (F(1.49, 26.74) = 3.56, p = .055, partial η2= 0.16) (Table 33). 

5.2.2.4.3 Quality of Life 

The 4 week sleep posture intervention elicited improvements in the SF36 PC over 
time (F(2, 20) = 4.94, p = .013, partial η2= 0.22) (Table 33). The SF36 PC improved 
from baseline to 4 weeks, mean difference of 5.60 (95% CI: 2.07, 9.13) points (p = 
.004). Improvements continued (non-significant) from 4 to 16 weeks after 
intervention, mean difference -0.46 (95% CI: -4.41 to 3.50) points (p = .812) and 
from baseline to 16 weeks post-intervention there was a significant improvement, 
mean difference of 5.14 (95% CI: 0.27, 10.02) points (p = .040). 

Similarly, the 4 week sleep posture intervention elicited improvements in the SF36 
MC over time (F(2, 20) = 6.76, p = .008, partial η2= 0.27) (Table 33). The SF36 MC 
increased from baseline to 4 weeks, mean difference of 5.96 (95% CI: 1.46, 10.47) 
points (p = .012) with a continued non-significant improvement from 4 to 16 weeks, 
mean difference = 0.27 (95% CI: -2.23 to 2.77) points (p = .823). From baseline to 16 
weeks post-intervention, there was a significant mean difference improvement of 
6.23 (95% CI: 1.53, 10.94) points (p = .012). 

5.2.2.4.4 Hospital Anxiety and Depression Scale 

The 4 week sleep posture intervention elicited improvements in the HADS-A over 
time (F(1.32, 23.84) = 6.75, p = .010, partial η2= 0.273) (Table 33). The HADS-A 
decreased from baseline to 4 weeks, mean difference of -2.16 (95% CI: -4.11, -0.21) 
points (p = .032). A non-significant decreased continued from 4 to 16 weeks, mean 
difference of -0.58 (95% CI: -1.46, 0.31) points (p = .186) and overall there was a 
significant decrease from baseline to 16 weeks, mean difference of -2.74 (95% CI: -
4.63, -0.84) points (p = .007). 

The 4 week sleep posture intervention elicited improvements in the HADS-D over 
time (F(1.40, 25.10) = 4.28, p = .037, partial η2= 0.19) (Table 33). The improvement 
in HADS-D at 4 weeks was not significant, mean difference of -0.90 (95% CI: -2.18, 
0.39) points (p = .161). There was a significant improvement from 4 to 16 weeks, 
mean difference of -0.84 (95% CI: -1.63, -0.51) points (p = .038) resulting in a 
significant improvement from baseline to 16 weeks, mean difference of -1.74 (95% 
CI: -3.28, -0.19) points (p = .030). 

5.2.3 Were Change Scores Clinically Relevant? 

In comparing the change scores for each NRS between baseline and 16 weeks with 
published MCIDs, there were clinical improvements in both symptomatic groups for 
the NRS measures of pain, bothersomeness and quality of sleep. We could find no 
published MCID scores for stiffness, but stiffness improved more than the highest 
significant change score of 1.5 for pain and bothersomeness (Table 34). In addition 
to MCID changes, two NRS in the Cervical group and all NRS in the Lumbar group 
were statistically significant, see Table 26 for Cervical group and Table 31 for 
Lumbar group. 
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In comparing the change score for each PRO between baseline and 16 weeks after 
intervention, in the Cervical group there were clinical improvements in NDI, SFI and 
the SF36 physical component score. In the Lumbar group there were clinical 
improvements in the SFI, HADS-A, HADS-D and both the SF36 physical and mental 
component scores (Table 34). Most of the PROs that had MCIDs in the Lumbar 
group were also statistically significant over the 16 weeks, see Table 33 and NDI and 
SFI were significant in the Cervical group, see Table 31. 

Table 34. Minimal Clinical Important Differences between Baseline and 16 Weeks 

Variable MCID Cervical Group Lumbar 
Group 

Numerical Rating Scales 

Pain Cervical 0.4 – 2.5, Lumbar 1.5 2.1* 1.90* 

Stiffness Unknown 1.63 1.95* 

Bothersomeness 1.5 1.63 1.79* 

Quality of sleep 0.6 1.64* 2.10* 

Patient Reported Outcomes 

RMD 30% Not applicable 32%* 

NDI 3.5 8.64* Not 
applicable 

SFI Cervical 1.7, Lumbar 1.5 2.72* 3.08* 

ISI 6 1.71 3.79* 

PSQI 3 0.7 1.69 

SF36 PS 3.5 5.22 5.14* 

SF36 MS 3.5 0.96 6.24* 

HADS-A 1.5 or 20% 0.72 2.74* 

HADS-D 1.5 or 20% 1.09 1.74* 

Notes. RMD = Roland-Morris Disability Questionnaire, NDI = Neck Disability Index, HADS = Hospital 
Anxiety and Depression Scale, PSQI = Pittsburgh Sleep Quality Index, SF36 PS = Short Form 36 
Physical Score, SF36 MS = Short Form 36 Mental Score, * statistically significant results transferred 
from Tables 26, 28, 31 and 33. 

5.3 Chapter 5 Key Points 

In a larger sample (N=53), self-report of sleep posture was found to be inaccurate 
for all key sleep postures 

In comparison to the Control group at baseline; 

• Participants in both symptomatic groups experienced increased waking 
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symptoms and decreased sleep quality 

• Participants in the Cervical group recorded higher pain and disability 
(e.g., NDI, SFI), poorer sleep (e.g., PSQI, ISI), poorer physical quality of life 
and poorer mental health (e.g., HADS-A, HADS-D) 

• Participants in the Cervical group spent more time in provocative sleep 
postures, changed posture frequently and more long periods in 
provocative sleep postures 

• Participants in the Lumbar group recorded higher pain and disability 
(e.g., RMQ, SFI), poorer sleep (e.g., PSQI, ISI), poorer quality of life (e.g., 
SF36 P, SF36M) and more anxiety (e.g., HADS-A) 

• Participants in the Lumbar group spent more time in provocative sleep 
postures, changed posture frequently (non-significant) and more long 
periods in provocative sleep postures (non-significant) 

In comparison to baseline data; 

• 4 weeks later, participants in the Cervical group spent less time in 
provocative sleep postures, more time in supportive side lying and more 
long periods in supportive postures 

• 16 weeks later, participants in the Cervical group reported a decrease in 
waking pain, an increase in waking quality of sleep and an improvement 
in pain and disability PRO (e.g., NDI, SFI) 

• 4 weeks later, participants in the Lumbar group spent less time in 
provocative sleep postures, more time in supportive side lying, more long 
periods in supportive postures and less posture shifts 

• 16 weeks later, participants in the Lumbar group reported a decrease in 
all waking symptoms and an improvement in all PROs, except PSQI 

• A range of changes scores were both significant and MCID 

In comparison to the Control group, both symptomatic groups after intervention 
spent approximately similar percentages of time in key sleep postures. 
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Chapter 6. Scoping Review 

This chapter is adapted from a manuscript (Cary, Briffa, et al., 2019) titled, 
Identifying relationships between sleep posture and non-specific spinal symptoms 
in adults: A scoping review. See Appendix 22. 

6.1 Introduction 

Cervical and lumbar symptoms like pain, are the leading cause of musculoskeletal 
disability in most countries and most age groups (Hurwitz et al., 2018). The one-year 
prevalence in the general population for cervical pain ranges from 30 to 50% (Hogg-
Johnson et al., 2008) and the one-year prevalence of lumbar pain in the adult 
population is reported as 38% (Hoy et al., 2012). Of those who report cervical and 
lumbar pain, the proportion is higher in females for both cervical (59%) (Côté, 
Cassidy, Carroll, & Kristman, 2004) and lumbar (52%) pain (Hoy et al., 2012). The 
prevalence of both cervical and lumbar pain has increased markedly over the past 
25 years (cervical 21.1% and lumbar 17.3%), and these rates are expected to 
continue rising (Hurwitz et al., 2018). Cervical and lumbar pain contribute to large 
economic and societal costs and are major sources of work disability, being either 
the first or second ranked causes of years lived with disability between the ages of 
20 and 79 years (Ekman et al., 2005; Hurwitz et al., 2018; Wasiak et al., 2006). Peak 
incidence of cervical pain occurs in middle aged groups of 35 to 44 years (Rekola, 
Keinänen-Kiukaanniemi, & Takala, 1993) and 40 to 49 years (Bot et al., 2005), 
whereas the highest incidence of lumbar pain is reported between the ages of 46 to 
64 years (Hoy et al., 2012; Kopec, Sayre, & Esdaile, 2004). Research indicates that 
remissions in symptoms are temporary rather than permanent (Croft et al., 2001; 
Hestbaek et al., 2006) and cervical and lumbar pain becomes chronic in 25 to 60% of 
cases (Manchikanti et al., 2009). Other types of symptoms like stiffness and 
bothersomeness, are less well investigated, but are still important, as discussed in 
Section 2.5.1. Identification of modifiable risk factors contributing to the onset and 
chronicity of cervical and lumbar pain and other symptoms, is critical (Croft, Dunn, 
& Raspe, 2006) to improve the management of cervical and lumbar pain. 

A potentially modifiable risk factor that aggravates spinal symptoms, is sleep 
posture. Sleep is considered essential for human mental and physical recovery, yet 
every night some people go to bed, only to wake with spinal symptoms not present 
the prior evening. It has been postulated that poor sleep posture may be a factor in 
the development of both waking cervical (Corrigan & March, 1984; Gordon et al., 
2002) and lumbar symptoms (Desouzart et al., 2016; Gracovetsky, 1987). There is a 
general agreement in the bidirectional relationship between sleep and pain, 
however, it is becoming increasingly clear that changes in sleep complaints, are a 
stronger predictor of pain, than changes in pain, are a predictor of sleep complaints 
(Koffel et al., 2016). 

Habitual sleep postures may influence the amount of load applied to spinal tissues 
when sleeping. The magnitude of load experienced when sleeping at night is likely 
to be far less than during the day. During the day, in upright and recumbent 
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postures, loads imposed on spinal structures include compression, elongation and 
shear, as discussed in Section 2.3.1. In a 25 year review on the fundamentals of 
spinal biomechanics, it was noted that spinal movements decreased under a 
superimposed compression load. The author postulated this was due to increased 
anular stiffness and increased ZPJ contact (Oxland, 2016). Conversely, when lying 
down and sleeping, the sources of spinal compression are minimal, creating a low 
compression environment, potentially allowing an increased range of spinal 
movement. 

Sleep involves both sustained and repeated postures. Sustained sleep posture 
habits have been investigated by prior authors, who reported that adults on 
average changed their posture between 2.1 and 3.6 times per hour (De Koninck et 
al., 1992). This indicates that sleep postures are commonly sustained for periods of 
greater than 15 minutes, a time frame in which in vitro viscoelastic collagenous 
tissue creep has been demonstrated (Yahia et al., 1991). Viscoelastic tissues are 
vulnerable to sustained or repeated low elongation loads, and undergo predictable 
mechanical and viscoelastic changes, like creep, hysteresis and fatigue failure, as 
discussed in Section 2.3.2.3. Sleep postures that are not symmetrical if sustained 
and unsupported, have been shown to result in structural spinal changes (Hill & 
Goldsmith, 2010; Waugh & Hill, 2009) and associations have been identified 
between biomechanical creep and spinal symptoms, as a result of micro-damage to 
viscoelastic tissues (Solomonow, Baratta, et al., 2003) have been discussed in 
Section 2.4. 

Some sleep postures, such as prone, are clinically believed to increase load on spinal 
tissues, reducing recovery and provoking waking spinal symptoms (De Koninck et 
al., 1992; Goldman, 2005; Gracovetsky, 1987). Sleep postures have been shown to 
be modifiable (Desouzart et al., 2016; Murayama et al., 2011) and identification of 
modifiable risk factors related to spinal pain, have been highlighted as a priority in 
managing disabling lumbar pain (Buchbinder et al., 2018). While some sleep 
research has examined the role sleep posture may have on waking spinal symptoms 
(Desouzart, Filgueiras, et al., 2014; Desouzart et al., 2016; Gordon et al., 2007a), 
there has been no synthesis of the literature in regard to sleep posture and spinal 
symptoms. A synthesis of the prior research may be difficult for clinicians, as the 
relevant information is found in diverse disciplines of research, sleep, ergonomics, 
biomechanics, information technology and therapeutics, and clinicians may not 
have access to all these sources. The purpose of this scoping review was therefore 
to establish the body of evidence, regarding relationships between sleeping posture 
and spinal symptoms and to provide suggestions as to what sleeping postures can 
be recommended by clinicians, to assist those with or experiencing exacerbations of 
spinal symptoms. 
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6.2 Methods 

6.2.1 Search Framework 

This scoping review was developed using the methodological framework proposed 
by previous authors (Arksey & O'Malley, 2005), further refined by other 
independent authors and institutes (Khalil et al., 2016; Levac, Colquhoun, & O'Brien, 
2010; Peters et al., 2015) and reported in line with key Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses for scoping reviews (PRISMA) 
guidelines.(Tricco et al., 2018). This method was used as it provided a structured 
framework, ensuring a stringent assessment of available articles. It followed five 
stages: 

1) Identify the research question, aims and objectives. 

2) Identify the relevant articles. 

3) Study selection. 

4) Present the data. 

5) Collate and summarise the results. 

6.2.2 The Research Question 

Following an individual review of the literature and a group meeting between the 
principal investigators, a consensus was reached to determine the following 
research question; is there a relationship between sleep posture and spinal 
symptoms? 

6.2.3 Aim and Objectives 

The aim of this scoping review was to gain a clear understanding of the current 
knowledge base in relation to the identified research question. To achieve this aim, 
an iterative process involving electronic meetings and communications between 
authors was used to determine the following research objectives: 

1) Identify what study designs and participant populations have been studied 
to answer the research question. 

2) Identify the types of specific methodology used in the body of evidence to 
address the research question.  

3) Identify common results, conclusions and recommendations from the body 
of evidence regarding the research question. 
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6.2.4 Eligibility Criteria 

Eligibility criteria were based upon the population, intervention, comparison and 
outcome (PICO) framework. A draft list of eligibility criteria was initially determined 
following the independent screening of relevant articles by two reviewers. Criteria 
were then developed iteratively between two reviewers and a finalised list of 
criteria were uploaded to Covidence (2018), as a reference for data charting 
reviewers. 

6.2.4.1 Inclusion Criteria 

For inclusion in this scoping review, the prior research needed to study participants 
18 years or older, with either pain, stiffness or bothersomeness in the cervical, 
thoracic or lumbar spine. Any observational or interventional study examining the 
relationship between sleep posture and spinal symptoms was considered. Articles 
that either compared sleep posture change (e.g., before and after an intervention) 
or had no comparator (e.g., epidemiological) were included. Articles needed to use 
a subjective or objective measure for both symptoms (e.g., pain, stiffness or 
bothersomeness) and sleeping posture. All research designs were initially 
considered. 

6.2.4.2 Exclusion Criteria 

Articles were excluded if they involved animals, cadavers or included participants 
diagnosed with sleep apnoea, spinal stenosis, migraine, red flag pathologies (e.g., 
neoplasm, inflammatory conditions, fractures or infections); participants with pain 
of known non-spinal origin (e.g., kidney disease, post-operative pain, 
temporomandibular joint, shoulder pain); participants with neurological conditions 
(e.g., multiple sclerosis, cerebrovascular accident); or participants that were unable 
to move freely in bed (e.g., using continuous positive airway pressure therapy or in 
the last trimester of pregnancy). Articles were excluded if they did not isolate the 
intervention when a group of interventions were implemented (e.g., spinal injection 
and sleeping posture) or if they compared sleep systems (e.g., mattress, base and or 
pillow) or changes in sleep systems but did not report the change in sleep posture. 
Further, articles using actigraphy to measure movement or articles that only 
examined the quality or efficacy of sleep were excluded. Finally, editorials, opinion-
based articles, review articles (systematic or narrative) and articles not written in 
English were excluded. 

6.2.5 Patient and Public involvement 

Patients and the public were not involved in this scoping review. 

6.2.6 Search Terms and Strategy 

The PICO framework was used to generate a comprehensive list of key search terms 
to assist in the identification of all elements relevant to clinical research questions. 
Identified key search terms were then used in the search strategy to identify all 
relevant articles (Aromataris & Riitano, 2014; Portney & Watkins, 2009). 
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Population: Terms used for the search strategy were chosen to be representative of 
the areas and symptoms, likely to be experienced by a population with non-specific 
waking spinal symptoms. Non-specific symptoms are those not related to fracture, 
infection, inflammatory disease, tumor or spinal stenosis. Intervention: Terms 
representative of interventions aimed at changing sleep posture in association with 
waking spinal symptoms were considered for inclusion, while other terms not 
associated with waking spinal symptoms, for example apnoea were excluded. 
Comparison: Terms were considered that were indicative of any type of 
comparison. Outcome. Any terms to indicate the subjective measure of pain, 
stiffness or bothersomeness or objective measure used to evaluate sleep posture 
were considered. 

Key terms that matched the PICO framework, were determined after several stages 
of trial searches and cross checking between the principal investigators. An interim 
list of keywords was established at this point. 

Searching for relevant articles followed a three-step process: 

1) An initial search to identify relevance of identified key and alternative terms. 

2) A comprehensive search of relevant databases and grey literature. 

3) A hand search of key articles and authors (Aromataris & Riitano, 2014). 

Identified key search terms were then used in the search strategy to identify all 
relevant articles. An initial search was conducted in two of the four databases, 
recommended (Michaleff et al., 2011) for physiotherapy related topics; PEDro, and 
Embase (via Ovid) from inception to December 2017. The initial search was used to 
determine if the search terms and strategy were appropriate, and informed the 
development of the final search terms and strategy. The final search strategy was 
conducted using the search terms and Boolean logic. Table 35 describes one search 
strategy that was adapted for eight electronic databases (PEDro, Embase, 
Cumulative Index to Nursing and Allied Health Literature, Cochrane Library, 
Medline, ProQuest, PsycINFO, SportDISCUS) with the assistance of a health sciences 
information specialist. Grey literature (espace, Google Scholar (top 100 references 
scanned for relevance), and Web of Science) was searched for difficult to locate or 
unpublished material that had not already been included. The final step involved 
manual searching the reference sections of relevant articles and publications by key 
authors for additional articles, not identified in the original search. 
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Table 35. Search strategy for the Scopus database 

Date 7/4/2018 

Strategy #1 AND #2 AND #3 NOT #4 

Rule Domain Search Terms 

#1 Area of 
symptoms  

lumbar or "low back pain" or cervical or "neck pain" or "musculoskeletal 
pain" or "spinal pain" 

#2  Posture postur* or position* or prone or supine or lateral or side lying 

#3 Sleep sleep* or slumber* or night-time or nocturnal or bed 

#4 Exclusions apnoea or apnea or CPAP 

6.2.7 Study Selection 

All search results were imported into the reference management software package, 
Endnote X8 (EndNote, 2018) and duplicates removed. Remaining results were 
imported into Covidence (Covidence, 2018) and additional duplicates removed. 
Using Covidence, two reviewers independently performed level 1 (title and 
abstract) and level 2 (full text) screening, based on the eligibility criteria. Differences 
of opinion in which articles progressed to the next level, were first resolved with 
discussion between reviewers and if necessary, with input from a third reviewer. 
Excluded articles are detailed in Appendix 20. 

6.2.8 Data Charting 

The data charting form (see Appendix 21) was developed and revised iteratively 
between reviewers to ensure data relevant to the three research objectives were 
collected. A definitions and instructions document was developed to ensure that 
data was collected consistently by the independent reviewers. The data charting 
form was then independently pilot tested in duplicate on a random sample of four 
potential articles. Following identification of articles for inclusion in this review, 
data were independently charted in duplicate using a data charting form created in 
Excel and based upon the three research objectives: 

1) For the first objective, first author and year of publication, study design, 
population type, sample size, gender and age were charted. 

2) For the second objective, sleep environment, use of standard sleep posture 
definitions, number of sleep postures, sleep posture outcome measurement 
type, anatomical area of symptoms, symptom type, symptom characteristics 
and method of measuring waking symptoms were charted. 

3) For the final objective, results, conclusions, recommendations and author 
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reported limitations were charted. 

An attempt was made to contact authors of eligible articles, where authors 
reported that data relevant to our scoping review had been collected, but was not 
publicly available and to clarify specific points relevant to our data charting. 

6.2.9 Quality of Evidence 

Non-assessment of methodological quality and the risk of bias is consistent with 
current guidelines on conducting a scoping review (Khalil et al., 2016; Peters et al., 
2015). However, a focus of this scoping review was on methodology. It was 
therefore decided in the early planning stages to include a methodological 
assessment of quality. The Downs and Black checklist is one of two identified 
checklists, for the appraisal of randomised and non-randomised studies in the 
Cochrane Handbook (Reeves, Deeks, Higgins, & Wells, 2008). Few critical appraisal 
tools have documented evidence of validity and reliability, but the Downs and Black 
checklist has documented criterion validity, face and content validity, intra-rater (r = 
.88) and inter-rater reliability (r = .75) and guidelines for use (Olivo et al., 2008). 
Validity of the other recommended checklist has been questioned (Stang, 2010). 
The Downs and Black checklist contains 27 questions distributed over five domains; 
reporting (aims, sampling and methods); external validity (generalisability); internal 
validity (study design, selection bias, performance and reporting bias); confounding; 
and power (Downs & Black, 1998). We utilised a modified version of the Downs and 
Black checklist (Korakakis, Whiteley, Tzavara, & Malliaropoulos, 2018) in which the 
score range for Question 27 (relating to power calculation) was changed from zero 
to five, to a score range from zero (unable to determine/not performed) to one 
(power calculation reported). As a result, the maximum score for randomised trials 
was 28 and non-randomised trials was 25. Using the Downs and Black checklist as 
the appraisal tool, evidence levels have previously been categorised as strong (> 
75%), moderate (50 - 74%), limited (25 – 49%) and poor quality (< 24%) (Hignett, 
2003). The Downs and Black checklist was independently completed for each article 
in duplicate. Differences in scoring were first resolved by consensus between 
reviewers and if required, by a third independent reviewer. Study limitations noted 
by authors were collected to compliment the Downs and Black checklist. 
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Figure 30. PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses 

6.3 Results 

6.3.1 Search Results 

An overview of the article identification process is provided in the PRISMA flow 
diagram given in Figure 30. Articles excluded due to wrong outcomes, were those 
that did not include a measure of sleep posture or only examined sleep posture and 
not symptoms, tested a sleeping system (e.g., mattress or pillow) in relation to 
spinal symptoms but not posture, or studied sleep posture in relation to sleep 
quality. Articles excluded due to wrong study design included treatment guidelines, 
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opinion and editorial piece and summaries. Four articles were included for data 
charting. 

Authors of included studies clarified the following aspects of their research: 

• Duration of intervention period (Abanobi et al., 2015). 

• Sleep questionnaire details (Cary et al., 2016). 

• Use of pain VAS in association with sleep posture (Desouzart, 2018). 

• Mean and standard deviation values of participants (Gordon, 2018). 

6.3.2 Study Design and Population Characteristics 

Characteristics of the included four studies are described in Table 36. One study was 
reported as interventional (Desouzart et al., 2016). The other three studies were 
exploratory in nature and used a mix of study designs including case controlled 
(Abanobi et al., 2015), cross sectional (Cary et al., 2016) and epidemiological 
(Gordon et al., 2007a). Across the included studies in which data was available, the 
mean percentage of female participants was 61% and the mean participant age was 
47 years. 

Table 36. Study design and population characteristics 

Author Study Design Population type Sample Size 
(Gender) 

Age M 
(SD) 

Abanobi et 
al., 2015 

Epidemiological: case 
controlled 

Welders in Owerri, Nigeria 100 (male = 
100) 

35 (9) 

Cary et al., 
2016 

Epidemiological: cross 
sectional 

Population of convenience in 
Esperance, Western Australia 

15 (male = 
7) 

44 (17) 

Desouzart 
et al., 2016 

Controlled pilot Elderly participants in physical 
activity program at 
Polytechnic Institute of Leiria, 
Portugal 

20 (male = 
0) 

62 (4) 

Gordon, 
Grimmer 
and Trott, 
2007 

Epidemiological: cross 
sectional 

Every third household in Port 
Lincoln in South Australia 

812 (male = 
261) 

Female 
61 (10) 

Male 
59 (11) 

Notes. M = Mean, SD = Standard deviation 

6.3.3 Methodology: Sleep Posture Measurement 

All studies examined participants in their domestic environment (Table 37) and 
described as a minimum the three common sleep postures; supine, side lying and 
prone. One study described four sleep postures, dividing side lying into two sleep 
postures and named them supportive side lying and ¾ side lying (Cary et al., 2016). 
Another described five postures, adding “upright” and “varies”, to the common 
three sleep postures (Gordon et al., 2007a, p. 7). One study used three different 
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postures, but combined side lying and prone for analysis, due to small number of 
prone sleepers, of whom none reported lumbar pain (Abanobi et al., 2015). All 
studies used self-report questionnaires to assess sleep posture. Studies focused on 
different time points when questioning about sleep posture. 

Table 37. Mapping of sleep posture measurement 

Author Sleep 
environment 

Standard 
three sleep 
postures  

Number of 
sleep 
postures 

Sleep posture outcome 
measurement 

Abanobi et al., 
2015 

Domestic Y 3 SR 

Cary et al., 2016 Domestic Y 4 SR + Video recording 

Desouzart et al., 
2016 

Domestic Y 3 SR  

Gordon, 
Grimmer and 
Trott, 2007 

Domestic Y 5 SR 

Notes. NS = Not stated, Y = Yes, SR = Self-report 

Two specifically focused on night and waking posture; “in what sleep posture do 
you usually go to sleep”, “in what sleep posture do you usually wake up” and “in 
what sleep posture do you spend most of the night” (Gordon et al., 2007a, p. 7), 
and “which posture most closely resembles the posture you are lying in when you 
fall asleep?” and “which posture most closely resembles the posture you are lying in 
when you wake up?”(Cary et al., 2016) (Appendix 7). 

The other two studies were non-specific, “usual sleep posture” (Abanobi et al., 
2015, p. 335) and “informal questionnaire for ... sleeping position” (Desouzart et al., 
2016, p. 237). In addition to using self-report, the authors of one study used an 
objective method of assessment, twin camera infrared video recording, to verify 
sleep posture (Cary et al., 2016). 

6.3.4 Methodology: Measurement of Symptoms 

The location of spinal symptoms measured, varied by anatomical area as presented 
in Table 38. One study included the classification ‘Other,’ to include non-spinal 
sources of symptoms (e.g., hip and legs) (Cary et al., 2016). All studies examined 
pain (with two studies examining additional symptoms), but differed in regard to 
examining intensity, frequency, period of symptoms and diurnal/nocturnal 
presence. In one study, participants answered a “question on LBP history, such as 
present and past low back history” (Abanobi et al., 2015, p. 333) and another asked 
participants “the frequency and location of morning symptoms of spine pain and 
stiffness that occurred during the past month” (Cary et al., 2016, p. 2). In the other 
two studies, one described the frequency and duration of morning pain and 
stiffness over the prior week, but not intensity (Gordon et al., 2007a) while the 
other used a VAS to measure pain intensity “at moment of response” but not 
frequency or duration (Desouzart et al., 2016, p. 237). 
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6.3.5 Methodology: Interventions and Follow-ups 

One of the four studies was an intervention (Desouzart et al., 2016). Only 
participants in the treatment group of the intervention study (Desouzart et al., 
2016) received sleep posture education. Those with dorsal or lumbar symptoms 
were advised to sleep supine, those with cervical symptoms were advised to sleep 
in side lying and prone sleepers were advised to adopt either of the prior 
recommended sleep postures. Participants were also educated about the use of 
pillows and how to get up and lie down. The control group received no instruction 
and neither group received further contact until reassessment. The intervention 
phase lasted 4 weeks. A significant reduction in pain was reported in the treatment 
group but not the control group. However, sleep posture was not objectively 
confirmed at baseline or after the intervention period 

6.3.6 Results, Conclusions and Recommendations 

Results from all studies reported trends or significant associations between spinal 
pain and certain sleep postures (Table 39). The authors from three studies reported 
increased symptoms, one associated with supine (Abanobi et al., 2015) one upright 
(Gordon et al., 2007a) and the other prone or ¾ side lying (Cary et al., 2016) sleep 
postures. The authors from two studies reported significantly decreased symptoms, 
one with side lying (Gordon et al., 2007a) and the other a combination of side lying 
and supine (Desouzart et al., 2016). In the intervention study, baseline pain VAS was 
higher in the intervention group (M = 5.40, SD = 2.01) compared to the control 
group (M = 4.30, SD = 2.36). After the intervention phase there was a significant 
reduction in pain VAS (M = 3.00, SD = 1.63, p = .009). There was a non-significant 
change in the control group pain VAS (M = 3.90, SD = 3.21, p = .472) (Desouzart et 
al., 2016). Between groups comparisons were not reported, possibly because it was 
a pilot study. We used an online calculator (Centre for Evaluation and Monitoring, 
2018) to determine an effect size with 95% CIs between groups, using baseline to 

Table 38. Mapping of measurement of symptoms 

Author Anatomical 
Area 

Symptom type Symptom(s) 
characteristics 

Symptom outcome 
measurement 

Abanobi et 
al., 2015 

Lumbar Pain Past and present 
history 

Questionnaire - face to 
face interview 

Cary et al., 
2016 

Cervical, 
Lumbar, 
Both, 
Other 

Pain, Stiffness Frequency (month) 

Waking symptoms 

Questionnaire written 

Desouzart et 
al., 2016 

All spine Pain Intensity Questionnaire written - 
pain VAS 

Gordon, 
Grimmer 
and Trott, 
2007 

Cervical Pain, Stiffness, 
HA, Shoulder 
blade/arm pain 

Frequency (week), 
duration 

Waking symptoms 

Questionnaire - 
structured telephone 
interview 

Notes. HA = Headache, VAS = Visual analogue scale 
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post-intervention data in two steps. Baseline to post-intervention change was used 
because a significant difference between groups existed at baseline. First, a pooled 
SD for each group was calculated for change from baseline to final measure. Then 
this pooled SD from each group was used to calculate the between group effect size 
and 95% CI (Table 39). The resultant CI indicates that significant differences 
between groups were unlikely. To calculate an effect size for (Cary et al., 2016) the 
independent samples Jonckheere-Terpstra test (IBM Corporation, 2018) was used 
to calculate a z-score, which was then converted into an effect size (rj) (Field, 2017). 

Conclusions from authors of all four studies, were that certain sleep posture could 
either increase or decrease spinal pain, and that addressing sleep posture could 
reduce the development of spinal pain. Using self-report, side lying was found in 
two studies, to be protective of spinal symptoms (Desouzart et al., 2016; Gordon et 
al., 2007a) and participants that slept in supported side lying were found to have 
less symptoms than those sleeping in ¾ side lying or prone (Cary et al., 2016). In one 
study it was recommended that participants do not sleep in prone (Desouzart et al., 
2016), however prone was not significantly related to cervical symptoms (Gordon et 
al., 2007a) nor lumbar symptoms (Abanobi et al., 2015). Due to a small sample size, 
the authors recommended caution when interpreting their findings (Gordon et al., 
2007a). In regard to supine, one study found supine increased the likelihood of 
lumbar pain by 1.9 times (Abanobi et al., 2015), another study recommended 
supine in combination with side lying sleep postures to reduce lumbar pain 
(Desouzart et al., 2016) and a third reported supine was not significantly protective 
of cervical waking symptoms (Gordon et al., 2007a). These variations in 
recommendations demonstrate the importance to consider relationships between 
anatomical areas and spinal symptoms, and objectively determining sleep posture 
and spinal symptoms. Two studies recommended clinicians consider sleep posture 
as part of the examination process in regard to reducing cervical (Gordon et al., 
2007a) and lumbar symptoms (Desouzart et al., 2016). 
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Table 39. Mapping of results, conclusions and recommendations 

Author Results Conclusions Recommendations 
Abanobi et 
al., 2015 

ORs for LBP were in 
relation to a combined 
group of prone and 
side lying sleeping. 
“Sleeping with back 
(face up) increases the 
risk of developing low 
back pain by 1.9 
times.” (p. 355) (95% CI 
0.43 to 8.56)^ 

“The result showed the 
possibility of reducing the 
burden of LBP by appropriate 
training and improvement in 
habits such as...bad sleeping 
postures.” (p. 336) 

Not provided 

Cary et al., 
2016 

“The time spent in 
each of the sleeping 
postures ... expressed 
as a percentage of the 
time spent asleep, did 
not differ significantly 
according to the level 
of morning symptoms” 
(p. 5) Independent 
Samples Jonckheere-
Terpstra Test; supine, 
rj=0.03; SSL, rj=0.00; ¾ 
SL, rj=0.34; prone, 
rj=0.31. 

“participants that spent 
greater periods of time in SSL, 
had less mornings of 
symptoms per month than 
those that slept in ¾ SL or 
prone.” (p. 5) 

Not provided 

Desouzart 
et al., 2016 

No between group 
comparison reported. 
Between group effect 
size calculated to be 
0.81 (95% CI −0.11 to 
1.72). 

“It may be concluded that the 
indication of the ideal way to 
lie down, which corresponds 
to a recommended sleeping 
posture with the ideal 
position to place the pillows, 
as well as the ideal way to get 
up.” (p. 239) 

Ideal sleep posture, 
pillow use and way to 
get up, as per 
experimental group, “is 
an added value for the 
prevention and decrease 
of the pain and/or 
discomfort in the spine 
in active seniors.” (p. 
239) 

Gordon, 
Grimmer 
and Trott, 
2007a 

“Subjects who reported sleeping mostly in an upright 
position were significantly more likely to report all 
waking symptoms of interest compared with subjects 
who slept in other positions.” (p. 6) Waking cervical pain 
OR 2.5 (95% CI 1.1 to 5.5), cervical stiffness OR 2.6 (95% 
CI 1.1 to 5.8), headache OR 2.2 (95% CI 1.0 to 5.0), 
scapular/arm pain OR 2.5 (95% CI 1.1 to 5.3). 

“Supine…was not found in this study to be significantly 
protective of waking symptoms, when compared with 
other sleep positions.” (p. 6) Waking cervical pain OR 1.4 
(95% CI 0.8 to 2.5) and cervical stiffness OR 0.9 (95% CI 
0.5 to 1.6). 

“Prone…was not significantly associated with waking 
symptom” (p. 6). Cervical pain OR 1.5 (95% CI 0.7 to 3.2) 
and cervical stiffness OR 1.1 (95% CI 0.5 to 2.6). 

“on the basis of this 
research SL can be 
confidently 
recommended as the 
best sleep position in 
terms of minimising 
waking symptoms.” (p. 
6) 

“need for health 
professionals to consider 
individual’s sleep 
position and waking 
symptom history, as part 
of clinical reasoning for 
treatment, and when 
developing a 
management plan for 
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6.3.7 Quality of Evidence and Author Reported Limitations 

The Downs and Black checklist contains 27 questions distributed over five domains; 
reporting (i.e., aims, sampling and methods); external validity (i.e., generalisability); 
internal validity (i.e., study design, selection bias, performance and reporting bias); 
confounding and power (Downs & Black, 1998). Using the Downs and Black checklist 
as the appraisal tool, evidence levels have previously been categorised as strong 
(>75%), moderate (50% to 74%), limited (25% to 49%) and poor quality (<24%) 
(Hignett, 2003). Questions 4, 8, 9, 13, 14, 15, 19, 23, 24 and 26 (Table 40) were not 
applicable to study designs that did not include an intervention group and were 
therefore excluded from the three epidemiological studies (Abanobi et al., 2015; 
Cary et al., 2016; Gordon et al., 2007a). Question 27 was applicable for all but the 
cross-sectional study (Cary et al., 2016). In the reporting subsection, questions 1 
to10, studies were well documented with one different applicable question not 
completed by each study, enabling readers to draw unbiased assessments of each 
study’s findings. Questions 11to 13 (external validity) were poorly reported, with all 
studies failing to quantify the proportion of participants that were asked, relative to 
the proportion of participants that were accepted into studies. All studies reported 
using either random (Abanobi et al., 2015; Desouzart et al., 2016; Gordon et al., 
2007a) or consecutive sampling (Cary et al., 2016). Internal validity, questions 14 to 
20, examined measurement bias and apart from question 15 were well 
documented. In all studies, no attempt was made to blind researchers measuring 
the outcome variables. However, in one epidemiological study, the interview 
method precluded the need for blinding of interviewers (Gordon et al., 2007a). All 
the remaining were well documented, except for question 25 which examined 
confounding factors. This was poorly documented except for one study (Gordon et 
al., 2007a) in which a multivariate analysis was reported in a subsequent study, 
using the same data. The body of evidence in this scoping review is rated as 
moderate to strong quality. 

“Subjects who reported that they slept mostly on their 
side were significantly less likely to report waking 
cervical pain… compared with subjects who slept in any 
other position.” (p. 4) Waking cervical pain OR 0.6 (95% 
CI 0.4 to 0.9) and scapular/arm pain OR 0.7 (95% CI 0.5 
to 0.9). 

patients with 
troublesome waking 
symptoms.” (p. 6) 

Notes. *The CI was recalculated as it was suspected wrong due a typographical error. The 
original value was 0.431. ¾ SL = ¾ side lying; rj = effect size r for Jonckheere-Terpstra test. 
LBP = low back pain; SSL = supported side lying; VAS = Visual Analogue Scale 
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Table 40. Critical appraisal of included studies using the Downs and Black checklist 

Section Questions Abanobi 
et al., 
2015 

Cary 
et 
al., 
2016 

Desouzart 
et al., 
2016 

Gordon, 
Grimmer 
and 
Trott, 
2007 

Reporting 1 Is the hypothesis/aim/objective 
of the study clearly described? 

Y Y Y Y 

2 Are the main outcomes to be 
measured clearly described in 
the Introduction or Methods 
section? 

N Y Y Y 

3 Are the characteristics of the 
patients included in the study 
clearly described? 

Y N Y X 

4 Are the interventions of 
interest clearly described? 

X X Y X 

5 Are the distributions of 
principal confounders in each 
group of subjects to be 
compared clearly described? 

*Y X *Y *Y 

6 Are the main findings of the 
study clearly described? 

Y Y Y Y 

7 Does the study provide 
estimates of the random 
variability in the data for the 
main outcomes? 

Y Y Y Y 

8 Have all important adverse 
events that may be a 
consequence of the 
intervention been reported? 

X X N X 

9 Have the characteristics of 
patients lost to follow-up been 
described? 

X X Y X 

10 Have actual probability values 
been reported (e.g., 0.035 
rather than <0.05) for the main 
outcomes except where the 
probability value is less than 
0.001? 

Y Y Y N 

External 
Validity 

11 Were the subjects asked to 
participate in the study 
representative of the entire 
population from which they 
were recruited? 

Y Y N Y 

12 Were those subjects who were 
prepared to participate 
representative of the entire 

U N N N 
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population from which they 
were recruited? 

13 Were the staff, places, and 
facilities where the patients 
were treated, representative of 
the treatment the majority of 
patients receive? 

X X Y X 

Internal 
Validity: Bias 

14 Was an attempt made to blind 
study subjects to the 
intervention they have 
received? 

X X U X 

15 Was an attempt made to blind 
those measuring the main 
outcomes of the intervention? 

X X N X 

16 If any of the results of the study 
were based on “data dredging”, 
was this made clear? 

Y Y Y Y 

17 In trials and cohort studies, do 
the analyses adjust for different 
lengths of follow-up of patients, 
or in case-control studies, is the 
time period between the 
intervention and outcome the 
same for cases and controls? 

Y X Y X 

18 Were the statistical tests used 
to assess the main outcomes 
appropriate? 

Y Y Y Y 

19 Was compliance with the 
intervention/s reliable? 

X X U X 

20 Were the main outcome 
measures used accurate (valid 
and reliable)? 

Y Y Y Y 

Internal 
Validity: 
Confounding 

21 Were the patients in different 
intervention groups (trials and 
cohort studies) or were the 
cases and controls (case-control 
studies) recruited from the 
same population? 

Y X Y Y 

22 Were study subjects in 
different intervention groups 
(trials and cohort studies) or 
were the cases and controls 
(case-control studies) recruited 
over the same period of time? 

Y X Y X 

23 Were study subjects 
randomised to intervention 
groups? 

X X Y X 

24 Was the randomised 
intervention assignment 
concealed from both patients 

X X U X 
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Authors identified reliance on self-report to examine sleep posture (Desouzart et 
al., 2016) and symptoms (Gordon et al., 2007a) as a limitation (Table 41). Authors 
identified small sample sizes, as limiting their ability to draw firm conclusions from 
the obtained results (Desouzart et al., 2016; Gordon et al., 2007a). Authors 
identified restricted time as a limitation, for the period available for data collection 
(Abanobi et al., 2015), and for participants to learn a new sleeping habit (Desouzart 
et al., 2016). 

Table 41. Author reported limitations 

Author Comments 
Abanobi et al., 
2015 

“Inability to compare the effect of duration of habits and age at onset of habit” (p. 
336) 

“Limited time set aside for the surveillance exercise” (p. 336)  

Cary et al., 2016 “Mismatch in time frame of measurement” (p. 6). Recording of sleep posture 
occurred over 2 nights but participants questioned about symptoms over prior 1 
month. 

Desouzart et al., 
2016 

Due to the population studied it was “not possible to use a homogenous sample and 
larger number of participants.” (p. 239) 

“The four weeks may not have been sufficient to create habits in participants, 
however, and because of the time limitations of this study, it was not possible to 
have a longer time.” (p. 239) 

“results are based on the statements of the participants” (p. 239) 

Gordon, 
Grimmer and 
Trott, 2007 

“As small subject numbers constrained confidence in the findings, further research 
is required into the contributors to waking symptoms. for upright sleepers” (p. 6) 

and health care staff until 
recruitment was complete and 
irrevocable? 

25 Was there adequate 
adjustment for confounding in 
the analyses from which the 
main findings were drawn? 

N N N Y 

26 Were losses of patients to 
follow-up taken into account? 

X X Y X 

Power 27 Did the study have sufficient 
power to detect a clinically 
important effect where the 
probability value for a 
difference being due to chance 
is less than 5%? 

N X N N 

Score 14/17 9/12 19/28 12/14 

Percentage 82 75 68 86 

Notes. N = No = 0, Y = Yes = 1, *Y = 2 points, U = Unable to determine = 0, X = Not 
applicable (See Section 6.4.7.) 

Evidence levels = strong (>75%), moderate (50% to74%), limited (25% to 49%) and poor 
quality (<24%) (Hignett, 2003). 
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6.4 Discussion 

To our knowledge, this scoping review is the first to establish the body of evidence 
regarding the research question; relationships between sleeping posture and spinal 
symptoms. Generally, there was limited available research. In regard to objective 1; 
research designs and populations studied for the research question, a variety of 
study designs, participant populations and sample sizes were used. One study was a 
controlled pilot trial. With regard to objective 2; methods used to address the 
research question, sleep was assessed in a domestic environment in all studies, with 
self-report used to measure sleep posture in all studies. Pain was the most common 
outcome measure of symptoms. In respect to objective 3; common conclusions 
regarding the research question, most authors recommended side lying as the sleep 
posture least likely to provoke spinal symptoms, be they cervical or lumbar. Studies 
included in this scoping review were of moderate to strong quality as assessed using 
the Downs and Black critical appraisal tool. Nonetheless, considerably more 
research including longitudinal studies, is require before causal relationship 
between sleep posture and spinal symptoms could be concluded. 

6.4.1 Study Designs and Population Characteristics 

The study designs identified in this scoping review were appropriate to use for the 
research question (Table 36). The use of observational study designs assisted in the 
identification of relationships between different sleep postures and spinal 
symptoms. The single intervention study, reported that modification to self-
reported sleep posture changed spinal pain. The variety of study designs prevented 
data pooling and a scoping review remained the most appropriate approach to 
synthesise the research. 

The gender ratios of included studies were not representative of typical cervical and 
lumbar pain populations (Côté et al., 2004; Hoy et al., 2012; Hurwitz et al., 2018). 
Two studies included participants of mixed gender with a higher percentages of 
female participants (Cary et al., 2016; Gordon et al., 2007a), which is appropriately 
representative of female proportions reported in cervical and lumbar pain 
populations, however, two studies had highly specific populations; one study solely 
containing male participants (Abanobi et al., 2015) and another only female 
participants (Desouzart et al., 2016). The mean age of participants in this scoping 
review was 58 years, which is similar to the mean age of people in the general 
population with cervical and lumbar pain (Bot et al., 2005; Hoy et al., 2012). 

There was a large variation in sample sizes between the studies in this review. Three 
studies identified small sample size as a limitation in their ability to be confident in 
their findings, one in relation to the overall sample size (Desouzart et al., 2016) and 
the other two in relation to specific sleeping postures, for example upright sleeping 
(Abanobi et al., 2015; Gordon et al., 2007a). 

The type of study designs and patient populations identified in this scoping review 
have provided preliminary information regarding relationships between sleep 
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posture and spinal symptoms, but there were not enough high-quality studies to 
adequately answer our research question. 

6.4.2 Sleep Posture Measurement 

The most common adult sleep postures are side lying, supine and prone (De 
Koninck et al., 1992; Gordon et al., 2004; Haex, 2005), which were the postures 
examined by the studies in this review (Table 37). Side lying is the sleep posture that 
greater than 60% of European adults adopt for the majority of the night (De Koninck 
et al., 1992; Gordon et al., 2004; Haex, 2005). For this reason, one study divided 
side lying into two sleep postures, based upon symmetry and plausible spinal load, 
as being either supportive of spinal tissues or provocative. While these authors 
found no significant relationships between sleep posture and waking spinal 
symptoms, this may have been due to a lack of power or the temporal mismatch 
between measuring sleep posture (over two nights) and questions about waking 
pain (over the prior month). These authors identified a trend that participants 
spending more time in supportive side lying reported fewer morning symptoms per 
month, than those sleeping in prone or three quarter side lying (Cary et al., 2016). 

All studies in this review utilised self-report to report sleep posture, and in addition, 
one study used video data to determine sleep posture and compare to self-report 
(Cary et al., 2016). Self-report is uncertain, as participants are asked to report on 
posture when they are not fully conscious. Self-report was identified as a limitation 
by two of the studies in this review (Desouzart et al., 2016; Gordon et al., 2007a) 
and shown to be inaccurate for supine and intermediate side lying postures in 
another study (Cary et al., 2016). Self-report has been described as accurate for the 
sleep postures of side lying, supine and prone (Gordon et al., 2004), however, no 
validity or reliability data were reported for the classification of sleep postures. In 
more recent studies examining self-report and sleep posture, when participants 
were asked to identify their dominant sleep posture, inaccuracy was nearly 33% 
(Kaplowitz et al., 2015; Yu, 2018). It therefore seems prudent to not rely purely on 
self-report and clinicians would have greater confidence when advising people with 
pain about sleep posture, if research included both self-report and a valid and 
reliable measure of sleep posture, such as included in one study (Cary et al., 2016) 
and discussed in Chapter 3. 

6.4.3 Measurement of Symptoms 

Three studies examined specific anatomical areas of the spine and one study 
examined the spine more generally (Table 38). In the cervical spine, an IVD cleft and 
oblique ZPJs enhance mobility, but the cervical spine has increased reliance on soft 
tissues for support. In the lumbar spine, increasingly larger vertebrae and 
associated structures provide bony stability to ameliorate the higher loads. See 
Section 2.2.2. With such different functions and anatomical support structures, it is 
possible that sleep postures will also load spinal structures differently. For this 
reason, it could be important to separately examine relationships between sleep 
posture and spinal symptoms, with respect to these two different anatomical areas. 
For example, studies in this review indicated sleeping in supine was associated with 
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lumbar symptoms (Abanobi et al., 2015), but not associated with cervical symptoms 
(Gordon et al., 2007a). 

Pain was measured in all studies (Table 38), which is appropriate given cervical and 
lumbar pain are leading contributors across all age groups and countries to 
musculoskeletal disability (Hurwitz et al., 2018). However, characteristics like 
intensity, frequency or the onset time of pain were not consistently measured and 
are important to better understand the overall impact pain is having on daily 
function (Gordon & Grimmer-Somers, 2010). Stiffness was the second most 
reported outcome measure in this review. Prior authors have reported stiffness as 
the most common symptom produced, or not relieved on waking (Gordon & 
Grimmer-Somers, 2010), indicating it may also be an important outcome measure 
to consider when examining relationships between sleep posture and waking spinal 
symptoms. 

With regard to the relationship between sleep posture and time of onset of spinal 
symptoms, only half of the studies examined waking symptoms (Cary et al., 2016; 
Gordon et al., 2007a). Waking spinal symptoms are rarely present every morning, 
which may be due to an individual’s variation in sleep posture routine. Therefore, to 
better understand relationships between sleep posture and spinal symptoms, it 
would be important that spinal symptoms are recorded on first waking and overall 
several days. 

Questionnaires of differing formats were used by all studies in this scoping review 
(Table 38). Questionnaires provide a simple and efficient method to collect data 
using validated measures such as VAS in relation to outcome measures. However, 
the use of NRS is faster and more accurate than a VAS, as there is only one cognitive 
step in arriving at an answer (Gabel, 2018). To most accurately assess waking spinal 
symptoms in relation to sleep posture, questionnaire completion should occur 
promptly on waking. 

6.4.4 Results, Conclusions and Recommendations 

Three studies found significant relationships between certain sleep postures and 
spinal symptoms, however, the results of the included studies need to be 
interpreted with caution. There was a strong gender bias in two studies (Abanobi et 
al., 2015; Desouzart et al., 2016), a restricted age of included participants in one 
study (Desouzart et al., 2016) and two studies, did not specifically examine waking 
spinal symptoms (Abanobi et al., 2015; Desouzart et al., 2016). 

Conclusions drawn from three studies indicate an association between some sleep 
postures and spinal symptoms (Abanobi et al., 2015; Cary et al., 2016; Gordon et al., 
2007a) and one study identified the potential benefits of addressing sleep posture 
with regard to improving spinal pain through sleep posture education (Desouzart et 
al., 2016). Spinal pain is a major and growing global health problem with increasing 
rates of disability (Hurwitz et al., 2018), even though increased resources are being 
utilised (Deyo, Mirza, Turner, & Martin, 2009). For the past 20 years there has been 
a strong biomedical focus on patho-anatomy as the cause of spinal pain. However, 
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in the case of lumbar pain, in only 8-15% of cases, is a specific tissue identified as 
the cause (Waddell, 2004). Concurrently, there has been an escalation in imaging, 
opioid prescription, injections and surgery, with questionable benefit (Atlas, Keller, 
Wu, Deyo, & Singer, 2005; Friedly, Chan, & Deyo, 2007; Runciman et al., 2012) and 
higher risks (Luo, Pietrobon, & Hey, 2004; Manchikanti et al., 2009). Changing 
physical risk factors like type of movement pattern (O’Sullivan, 2005), level of 
strength and conditioning (Gabel et al., 2018; Micheo, Baerga, & Miranda, 2012) 
and sustained or repeated postures (Solomonow, Baratta, et al., 2003; Solomonow 
et al., 2012) , are relatively risk free, cost effective to implement, and show great 
potential. Sleep posture is an example of a sustained physical risk factor, that is 
modifiable (Cartwright et al., 1991; van Maanen & de Vries, 2014) with potential to 
improve spinal symptoms. 

Recommendations arising from the four studies in this review generally fell into two 
areas, those relating to improving clinical outcomes and those aimed to improve 
future research. The latter is discussed in Section 6.7. In relation to clinical 
outcomes, it was identified that sleep posture and waking symptoms should be 
considered part of the clinical reasoning process when developing management 
plans for people with waking spinal symptoms (Gordon et al., 2007a); that the use 
of training to change bad sleep postures be considered in an effort to reduce the 
burden of lumbar pain (Abanobi et al., 2015); and the use of multimodal methods to 
assess sleep posture (Desouzart et al., 2016). With regard to recommending a sleep 
posture to minimise spinal symptoms, this review finds that the side lying posture 
was the most consistent in protecting the cervical spine (Gordon et al., 2007a), and 
that side lying and supine were the sleep postures recommended for those with 
lumbar spinal pain (Desouzart et al., 2016). However, there is a lack of high-quality 
studies from which to draw firm conclusions. 

6.5 Limitations 

This scoping review was based on a standardised framework (Peters et al., 2015), 
with the modification of including a critical appraisal of evidence assessment. While 
the protocol for this scoping review was developed a priori, it was not registered. 
When commencing this scoping review, registration was not recommended as it is 
now (Tricco et al., 2018). 

6.6 Future Research 

Based on the findings of this scoping review, we offer the following 
recommendations to improve the quality of future research. 

• Research samples should be large enough to achieve statistical goals and 
that sample demographics are representative of those in the general 
population with cervical and lumbar pain. 

• Ideally studies should account for confounding factors such as age and 
gender through study design or statistical analysis. 
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• To better understand the effect of sleep posture on spinal symptoms, it 
would be preferable to differentiate spinal symptoms according to location, 
rather than considering spinal symptoms as a single group, due to 
differences in spinal anatomy, function and referral of symptoms. 

• It is recommended to divide spinal symptoms into categories such as pain, 
stiffness and bothersomeness, to determine if one or more have greater 
clinical relevance. It would also be informative to consider the temporal 
aspect of spinal symptoms. That is, recording spinal symptoms on first 
waking before they are influenced by daytime activities. 

• The adoption of side lying appears to be protective of cervical and possibly 
spinal symptoms more generally, however, with most adults spending the 
majority of the night in side lying, it would be worthwhile further exploring 
whether subtypes of side lying postures are more appropriate than others. 

• Historically, self-report has been used to measure sleep posture, but has 
been shown to be problematic and future research should use a validated 
measure of sleep posture. 

Sleep posture is potentially modifiable following education (Desouzart et al., 2016). 
Changing sleep posture through education has been successfully used to manage 
people with medical and pain related conditions like positional sleep apnoea, spinal 
stenosis and spinal pain. See Section 2.5.6.2. As a minimally invasive and low-cost 
intervention, education is a sensible first choice when attempting to change sleep 
posture. This potential was reported by authors of one study (Abanobi et al., 2015) 
and should be further explored in future research using larger scale longitudinal 
studies. 

 



 

167 

Chapter 7. Discussion 

This research has produced the following new knowledge: 

1. The identification of a low cost, accurate and reliable method to assess sleep 
posture, including newly subclassified side lying posturers in the home 
environment, which does not provoke a first night effect. 

2. That participants waking with spinal symptoms, spend more time in 
provocative sleep postures, especially provocative side lying than the control 
group. 

3. In addition to experiencing increased waking symptoms, participants also 
experienced poorer quality of sleep. 

4. That following a single educational session, participants in the symptomatic 
group were able to change their sleep posture routine, and spend less time 
in provocative sleep postures as requested. 

5. That at the same time as changing their sleep posture, participants reported 
a reduction in waking spinal symptoms, less disability and an improvement 
in the quality of their sleep. 

The topic of this PhD thesis, examining the relationships between sleep posture, 
waking spinal symptoms and quality of sleep, began from a clinical question. 
Patients reported going to bed with minimal or no spinal symptoms, yet woke with 
functional limitations due to spinal pain and stiffness. Others complained of restless 
nights, being unable to achieve a comfortable sleep posture, experiencing poor 
sleep quality and waking fatigued. Subsequent exploration of these topics identified 
a large body of anecdotal information, but little research to guide clinical decisions. 
Consequently, the development of this thesis grew around two key hypotheses. 

Our first hypothesis was that the participants waking with spinal symptoms would 
spend different amounts of time in different sleep postures, in comparison to those 
participants that did not wake with spinal symptoms. Due to inaccuracies of self-
reporting sleep posture, it was necessary to develop and use an objective measure 
of sleep posture. We developed a new recording method, determined reliability and 
validity under a range of light and bedding variations in the home environment, and 
noted that it induced no first night effect. Using this method, we compared a 
Control group with symptomatic groups (e.g., Cervical and Lumbar) and found 
differences in the amount of time spent in provocative sleep postures. In addition, 
when comparing the symptomatic with the Control group, we found significant 
differences in a range of PROs including disability, quality of sleep, mental health 
and quality of life. 

Our second hypothesis was that with education, an individual’s sleep posture 
routine could be changed with education and that there would be a concurrent 
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improvement in symptoms and PROs. We found that sleeping posture routines in 
both the Cervical and Lumbar groups did change following a sleep posture 
education intervention. At the same time as improvements in sleep posture were 
noted, waking symptoms and quality of sleep improved in both groups, and these 
were maintained at 16 weeks. We also found there were improvements in 
disability, quality of sleep, mental health and quality of life measurements in the 
Lumbar group and disability in the Cervical group, that were also maintained to 16 
weeks after intervention. Improvements in quality of sleep and quality of life 
measures occurred in the Cervical group, but these were not significant. 

Due to the long period of time required to complete this thesis, it was of interest to 
know whether there had been any significant changes in the body of literature 
pertaining to sleep posture, spinal symptoms and quality of sleep. To this end we 
conducted a scoping review in April 2018, see Chapter 6, examining study designs, 
methodology, recommendations and conclusions. From the scoping review we 
determined that: 

1) Side lying sleep postures are usually considered as one posture 

2) Few studies have used an objective measure of sleep posture 

3) There is a paucity of literature examining relationships between sleep 
posture and spinal symptoms and quality of sleep 

4) It is unclear whether sleep posture can be changed in response to an 
education intervention. 

The results of the scooping review provided reassurance that the overall research 
aim and six objectives developed at the commencement of the thesis 8 years prior, 
remained relevant. 

7.1 Accuracy of Self-Report of Sleep Posture Assessment 

In our initial literature search and our more recent scoping review, we identified 
self-report as the most common method of measuring sleep posture (Abanobi et al., 
2015; Gordon et al., 2004, 2007a; Noll et al., 2017). However, our pilot study (N = 
15) (Cary et al., 2016), indicated that self-reported sleep posture data were not an 
accurate reflection of sleep posture, see Section 3.6. This finding was confirmed in 
our larger cross-sectional study, see Section 5.1.2. Other researchers have also 
identified a lack of accuracy using self-report in up to 33% of participants (Yu, 2018), 
bringing into question the existing body of literature where sleep posture data has 
been measured using self-report. Further, those who have used self-report to 
classify sleep posture commonly ask participants to identify only some aspects of 
their sleep routine, such as their dominant sleep posture (Abanobi et al., 2015; Noll 
et al., 2017) or their waking and retiring sleep posture (Gordon et al., 2004, 2007a) 
leaving posture during the rest of the night unknown. 
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Using dual infra-red cameras with viewing angles set at 90 degrees to each other to 
improve visualisation of limb placement, we demonstrated excellent inter- and 
intra-rater reliability and validity amongst a group of health professionals classifying 
sleep posture under a variety of light and bedding situations (Cary, Stirling, et al., 
2019). In addition to the standard postures of supine and prone, this study included 
the identification of two sub-classifications of side lying postures, on the basis of 
plausible spinal soft tissue load. The accuracy and utility of the recording method 
was confirmed in our field study in home environments (Cary et al., 2016). 

7.2 Group Allocation 

To address our first hypothesis, we advertised for volunteers who met general 
selection criteria. During recruitment, the volunteers were divided into 3 groups 
based on the location (predominantly Cervical or Lumbar) and severity (frequency 
and intensity) of spinal symptoms. Volunteers that did not meet criteria for a 
symptomatic group were allocated to the Control group. No volunteers were 
excluded based on our eligibility criteria. In view of this method of group allocation, 
it was not surprising to find higher scores on NRS for pain, stiffness and 
bothersomness in participants of the symptomatic groups compared with the 
Control group, verifying group allocations. However, it is important to note that at 
baseline only 22% of participants in the Control group were completely free of 
waking spinal symptoms in the prior 2 weeks; 39% reported having lumbar, 22% 
cervical and 13% mid back symptoms, albeit at lower frequency and intensity than 
symptomatic groups (Table 11). The criteria for inclusion into our symptomatic 
groups was continuous with our inclusion into the Control group, that is, if their NRS 
for symptom(s) was three or greater they were allocated into a symptomatic group, 
if less than three they were allocated into the Control group. If symptoms were 
worse in the morning and occurred four or more per times per month, they were 
allocated into a symptom group, if less than four times per month they were 
allocated into the Control group. Given our method of recruitment, it would be 
unexpected for participants in our Control group to have absolutely no cervical or 
lumbar pain. In retrospect, to better clarify differences between our Control and 
symptomatic groups, it may have been better if we had created a larger division 
between the groups, that is symptomatic group participants with a symptom NRS of 
four or more out of 10 and a frequency of eight or more times per month, while 
participants in the Control group had experienced no spinal symptoms over the past 
month. This approach may have produced more definitive results, but would have 
completely excluded some volunteers at enrolment and increased the burden of 
recruitment. 

7.2.1 Other Characteristics of the Groups 

The participant characteristics of age, gender, education and BMI were not 
significantly different across the three groups. 

Age is a recognised risk factor for spinal pain, with the incidence of pain increasing 
with age to a peak incidence of cervical pain occurring between 35 and 49 years of 
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age (Bot et al., 2005; Gordon et al., 2002; Hoy, Protani, De, & Buchbinder, 2010) and 
lumbar pain between 46 and 64 years of age (Hoy et al., 2012; Kopec et al., 2004). 
The age of participants in this study ranged from 18 to 45 years and were grouped 
in 4 - 5 year brackets, similar to the Australian Bureau of Statistics (Statistics, 2016). 
In retrospect this could have been more closely matched to allow more accurate 
comparisons. The age of participants was restricted by selection criteria, with the 
highest incidence of pain being experienced in the 36 to 45 year old age range 
which is similar to the general population. 

There was a higher overall representation of females in our study, which is 
appropriate given the higher percentage of women in the general population 
(Statistics, 2018). Some studies (Côté et al., 2004; Hogg-Johnson et al., 2008; Hoy et 
al., 2012; Manchikanti et al., 2009) but not all studies (Toroptsova, Benevolenskaya, 
Karyakin, Sergeev, & Erdesz, 1995) have found the prevalence of spinal pain to be 
higher in females, but we did not find this in our symptomatic groups. 

Across the three groups in our sample, BMI was normally distributed and not 
significantly different between groups. At least 50% of participants in each group 
had a BMI classification of overweight or obese, which is lower than the general 
Australian population (Australian Bureau of Statistics, 2019) of 63%, when our data 
was collected. In one systematic review, BMI was found to be a weak risk factor for 
LBP (Leboeuf-Yde, 2000) while another study reported that a BMI > 30 (i.e., obese) 
was associated with an increased occurrence of LBP (Webb et al., 2003). As a result, 
we would expect BMI to be higher in our Lumbar group but this was not the case, 
possibly due to our small sample size. A higher BMI is well known to be associated 
with sleep disorders like OSA (Browman et al., 1984) and those with less body 
weight are more likely to have higher sleep quality (Bader & Engdal, 2000; Jacobson, 
Wallace, & Gemmell, 2006). That we didn’t find differences in BMI between groups, 
but did find differences in sleep quality (e.g. NRS quality for sleep, PSQI and ISI) and 
pain and disability (e.g., SFI, NRS pain) could indicate factors other than BMI were 
influential. 

Across the three groups, the lowest percentage intake of medication was in the 
Control group. In our symptomatic groups, the most commonly used medications 
were analgesics, NSAIDs and antidepressants. In a 10 year review of Australian 
general practitioners’ management for new or first episode of neck or LBP, simple 
analgesics (8%) and NSAIDs (12%) were most commonly prescribed (Michaleff, 
Harrison, Britt, Lin, & Maher, 2012). Twenty five percent or less of participants in 
our symptomatic groups reported the use of either analgesia (Cervical 15%, Lumbar 
5%), anti-depressant (Cervical 8%, Lumbar 5%) or NSAIDs (Cervical 2%, Lumbar 2%) 
medication which is much less than 84.4% (mostly analgesic and NSAIDs) used in a 
group of cLBP pain participants (Marty et al., 2008) and 53.3% (mostly analgesic and 
NSAIDs) in a group with whiplash associated disorders (Nikles, Yelland, Bayram, 
Miller, & Sterling, 2017). The higher use of analgesics and NSAIDs may be due to 
participants recruited in the former study having cLBP and the latter including a 
percentage of chronic whiplash participants, while participants in our study were 
recruited based on symptom intensity and frequency, not chronicity. 
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7.3 Do Participants with Waking Symptoms Sleep Differently? 

The findings of this cross-sectional study indicate that people with neck pain do 
sleep differently to those without neck pain. Participants in the Cervical group spent 
a greater percentage of the night in PSL and when time in each posture was 
expressed in absolute values, the Cervical group spent on average twice as long in 
provocative side lying and three times as long in prone (Table 16). Our results are 
similar to an epidemiological study examining waking cervical symptoms and sleep 
posture (Gordon et al., 2007a). The authors found that participants who reported 
prone as their dominant sleep posture, reported the highest percentage of waking 
cervical symptoms. An interesting consideration is whether it is the total amount of 
time or the percentage of time spent in provocative sleep postures, that is more 
likely to provoke symptoms. A study conducted on feline spines, points towards the 
amount of time as being important and once a quantity of time is passed, recovery 
of tissue takes proportionally much longer (Solomonow, Zhou, et al., 2003). In this 
study, feline spines were subjected to three, 10 minute periods of flexion, with each 
period followed by 10 minutes of rest. The creep that developed during the flexion 
loading period, did not recover during the rest period, and the cumulative amount 
of creep that developed over the three sessions of flexion, did not recover after a 7 
hour rest period. While 10 minutes was used in this study, the threshold amount of 
time would most likely vary in regards to the amount of load and also individual 
variations in the quality of collagen, as discussed in Section 2.3.2.1.1. 

In addition to percentage and total time spent in sleep postures, we examined the 
frequency of posture shifts, as an indication of postural restlessness and LPPI as an 
indication of sleep stability. Based on plausible tissue load, one possible reason to 
change posture more frequently is to offload pain sensitive structures that have 
been aggravated by certain sleep postures, such as prone and PSL. Spinal and 
capsular ligaments are highly innervated (Yamashita, Cavanaugh, El-Bohy, Getchell, 
& King, 1990) and have been shown to produce pro-inflammatory cytokines 
following sustained or repeated loading in feline studies (Solomonow, 2012). Some 
studies have examined LPPI (i.e., a posture held for 30 minutes or more) as an 
indication of sleep stability (De Koninck et al., 1992; Lorrain & De Koninck, 1998). 
Exploring the idea that some sleep postures may be provocative of spinal 
symptoms, our study sought to not only measure the frequency aspect of LPPI (i.e., 
Standard LPPI), but also the posture in which LPPI occurred and the number of 30 
minute periods for each LPPI (e.g., Actual LPPI). That is, if one posture was held for 
65 minutes, one Standard LPPI was recorded and two, 30 minute Actual LPPI. 

In comparison to our Control group, participants in the Cervical group did 
experience a higher frequency of posture shifts. Pain free adults, of mixed age and 
gender, have been noted to change posture approximately 12 to 20 times per night 
(Bader & Engdal, 2000; Chen et al., 2013b; Skarpsno et al., 2017). This frequency of 
posture shifts is reported to double in those that describing themselves as poor 
sleepers (De Koninck et al., 1983). However, the number of posture shifts recorded 
depends on the definition of what constitutes a posture and how long a posture 
needs to be maintained before it becomes a posture shift. Some authors have 
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considered any limb or spinal segment (i.e., head, trunk, leg or arm) moving a 
posture shift (De Koninck et al., 1983), others divided shifts into minor and major 
(Bader & Engdal, 2000) based on intensity of electrical signal, some only noted 
significant changes in spinal posture (i.e., head, trunk or waist) (Kubota et al., 2003) 
and others only described posture changes as the ‘number of turns’ (Chen, Guo, 
Shen, & Liu, 2013a, p. 109). Some authors required a posture to be sustained for a 
minute to be defined as a posture (De Koninck et al., 1983; Skarpsno et al., 2017), 
others between 5 and 30 seconds (Bader & Engdal, 2000 ; Kubota et al., 2003), 
while others determined a posture as ‘when the trunk position was stable’ (Gordon 
& Buettner, 2009, p. 3). We used our validated classification system (see Chapter 3) 
based on plausible tissue load and classified sleep postures into supine, SSL, PSL and 
prone. For a posture to be recorded it was sustained for 30 seconds or longer. 
Participants in our Cervical group changed posture 24 times per night, which is 
lower than other reported studies, but may reflect differences in the definition of a 
posture shift as noted above, or the use of a non-validated measure (Bader & 
Engdal, 2000; Chen et al., 2013b; Gordon & Buettner, 2009; Kubota et al., 2003; 
Skarpsno et al., 2017) of sleep posture. 

With regards to LPPI, participants in the Cervical group spent significantly more LPPI 
in provocative sleep postures. This result runs contrary to our theory that LPPI were 
postures of comfort and were therefore sustained for longer periods of time. 
Participants in the Control group spent more LPPI in non-provocative postures and 
rather than LPPI being postures of comfort as we presumed, perhaps they are 
actually postures of habit. To our knowledge, we are the first group to examine the 
posture in which a LPPI occurred and to note whether this sleep posture was 
provocative or supportive. We did not find any differences in Actual or Standard 
LPPI between the Control and symptomatic groups using the common LPPI 
definition of 30 minute intervals. Given other researchers have noted that spinal 
tissue creep occurs within 10 minute intervals (Shan et al., 2013; Solomonow, 
Baratta, et al., 2003), to be more accurate with respect to plausible spinal tissue 
load, perhaps the concept of LPPI needs to be modified to incorporate shorter time 
periods. 

We only identified one study examining sleep posture and waking cervical 
symptoms (Gordon et al., 2007a). Self-report was used to determine relationships 
between dominant sleep posture and waking symptoms. Of participants who 
mostly slept in supine, 41% reported waking symptoms, of those mostly sleeping in 
side lying, 45% reported waking symptoms and of those mostly sleeping in prone 
47% reported waking symptoms. Prone has been identified by others as provocative 
(Desouzart, Filgueiras, et al., 2014) of spinal symptoms and in an intervention study, 
participants were encouraged to avoid it (Desouzart et al., 2016). In our study 
where sleep posture was objectively measured, Cervical group participants spent 
6.4% time in prone which represented the smallest amount of time in any sleep 
posture. Prior authors classified side lying as a single group, while we divided side 
lying based on plausible tissue, load into SSL and PSL, in which participants spent 
31% and 30% of the night respectively. When adding SSL and PSL together, these 
results are similar to the side lying classification of prior authors (Gordon et al., 
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2007a). Our results were also similar (Gordon et al., 2007a), in regards to 
percentage of time spent sleeping in supine. 

Based on plausible tissue loading, we would expect participants in the Lumbar 
group to spend more time in provocative sleep postures and to change sleep 
posture more frequently to alleviate symptoms which they did, but it was not 
significant (p = .052 and p = .071 respectively, Table 21). It is possible that we did 
not have sufficient statistical power to identify a difference between the Control 
and Lumbar groups. It is also possible, that as a result of our recruitment criteria, 
the differences between our Control group and Lumbar group were reduced. For 
example, at enrolment 45% participants in the Control group nominated having low 
back pain in the prior 2 weeks. 

Authors from two studies, used a single IR camera to record sleep posture and 
reported on lumbar symptoms as part of a broader examination of diurnal posture 
(Desouzart, Filgueiras, et al., 2014; Desouzart, Vilar, et al., 2014). One study 
reported the sleeping postures of healthy males, 18 to 25 years of age, and the 
other, 19 to 22 year old healthy females. Both groups reported experiencing 
nocturnal lumbar pain strong enough to disrupt their sleep, being 25% and 50% of 
participants respectively. Male participants spent 20% of the night in prone, while 
female participants spent 29% of the night in prone. While not correlated by the 
authors, the high percentage of reported sleep disruption due to pain and high 
percentage of time spent sleeping in prone, lends support to our tissue load theory 
detailed in Section 2.5.4., that certain sleep postures may be provocative of spinal 
symptoms. Neither of these studies divided side lying into SSL and PSL and so a 
comparison cannot be made with regards to side lying. Both studies reported 
greater amounts of time in prone than our Lumbar group (3.9%). There are several 
possible reasons for this. Firstly, it may be due to their definition of prone, which 
was the “frontal trunk in contact with the mattress” (Desouzart, Vilar, et al., 2014, 
p. 668). Our definition was more specific (see Section 3.4.1.2.) in that the frontal 
trunk needed to be in contact with the mattress and both legs needed to be straight 
(i.e., knees fully extended). Because of this difference in definitions, some sleep 
postures classified as prone by Desouzart, Filgueiras, et al. (2014); Desouzart, Vilar, 
et al. (2014) we would have classified as PSL. Secondly, it may have been due to the 
lack of using a validated measure of sleep posture (i.e., no reliability or validity data 
was reported in regards to the sleep postures classifications used). Finally, younger 
sleepers spend a greater amount of time in prone than older sleepers (De Koninck 
et al., 1992; Gordon et al., 2007a). Logically, in following this ontogenic trend, our 
participants of older age would be spending less time in prone. Results from a 
mixed gender, working aged population study, using triaxial accelerometers, 
classified sleep posture into front, back and side (Skarpsno et al., 2017). The authors 
reported participants slept for twice as long in prone than our Lumbar group. Like 
Desouzart, Filgueiras, et al. (2014); Desouzart, Vilar, et al. (2014), their definition of 
prone would also have included participants that we classified as sleeping in PSL. 
Participants in our group spent 34% of the night in supine, which is close to all of 
these studies, being 25%, 29% and 38% respectively. 
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In summary, several studies have examined aspects of sleep posture and spinal 
symptoms, and while direct comparison with our study is difficult for a range of 
discussed reasons, the studies are part of a growing body of research providing 
additional evidence that some sleep postures could plausibly have a role in 
provoking spinal symptoms. 

7.4 Is Sleep Posture a Potential Risk Factor? 

7.4.1 Spinal Symptoms & Disability 

Neck pain and low back pain are global health problems and significant causes of 
musculoskeletal disability. At baseline, participants in our Cervical and Lumbar 
group experienced poorer scores in NRS for pain, stiffness and bothersomeness. 
They also experienced poorer SFI, NDI, RMDQ and SF36-PS scores. The importance 
of identifying risk factors for the development and recurrence of cervical pain (Kim 
et al., 2018) and low back pain (Hoy, Brooks, Blyth, & Buchbinder, 2010) has been 
noted. Risk factors can be considered non-modifiable and modifiable. Modifiable 
risk factors are able to be changed by individuals or health professionals. The 
identification of risk factors is important to assist in the identification of individuals 
predisposed to neck or low back pain and to assist in the development of 
appropriate education and prevention strategies. In a recent systematic review 
examining risk factors for first episode neck pain, the most significant physical risk 
factor was an awkward, sustained posture (Kim et al., 2018). When examining 
trigger events (i.e., brief exposures) precipitating acute onset LBP, symptom onset 
was most common in the morning (Steffens et al., 2015); the timing of onset 
implicates sleep posture and the tissues most likely affected are passive restraints 
(e.g., ligaments) (Choi, Levitsky, Lloyd, & Stones, 1996). In both studies examining 
acute onset symptoms, sleep posture was not explored. This lack of research focus 
on sleep posture and waking spinal symptoms was highlighted in a recent scoping 
review, in which only four studies were found to address these topics (Cary, Briffa, 
et al., 2019). It is plausible that awkward, sustained sleep postures cause acute 
onset cervical or lumbar pain. Sustained posture can injure passive restraints (e.g., 
ligaments), with the resultant release of pro-inflammatory chemicals (Solomonow, 
2012). Sprains and strains, a category that includes passive spinal restraints like 
ligaments, have a similar pattern of morning onset (Choi et al., 1996). We do not 
currently know if sleep posture is a possible risk factor for acute onset or recurrent 
spinal pain, but we have demonstrated in our cross-sectional study, that 
participants in our symptomatic groups spent more of the night in provocative sleep 
postures and in our longitudinal study, shown that by reducing the time spent in 
provocative sleep postures, participants experienced reductions in waking spinal 
symptoms. 

7.4.2 Sleep Quality 

An added dimension of our baseline study, related to the assessment of sleep 
quality which was measured in three ways; NRS for sleep quality over the prior 2 
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weeks, the PSQI and the ISI. The latter measures are commonly used in the sleep 
literature and qualify different aspects of sleep quality. 

Participants in our Control group reported better (i.e., higher) NRS for sleep quality 
(Table 12) and better (i.e., lower) PSQI and ISI scores than the Cervical group (Table 
13, 14 and 15). Participants in the Control group also spent a greater amount of 
time in supportive sleep postures than the Cervical group (Table 16). Our results are 
similar to another study in which the authors found better quality of sleep was 
associated with the side lying posture (Gordon et al., 2007a). 

There were significantly more poor-quality sleepers in the Lumbar group compared 
with the Control group (Table 13). When comparing mean PSQI scores (Table 20), 
participants in the Lumbar group (M = 6.6 SD = 3.0) had poor quality sleep, while 
participants in the Control group (M = 3.2 SD = 1.6) had good quality sleep. 
Participants in a case-controlled study examining cLBP and sleep quality (Marty et 
al., 2008) recorded a mean PSQI of 10.9 (SD = 7.9), which is greater than our Lumbar 
group and may reflect an interaction between chronic pain and sleep quality as 
discussed in Section 2.4.1.4. We did not measure pain chronicity, only frequency 
and intensity. In an interventional study of young, healthy adults (Desouzart et al., 
2015), participants recorded their PSQI at baseline and at 6 months, having been 
instructed to sleep in SSL or supine from baseline. At baseline the group’s average 
PSQI score was six, which is very similar to our Lumbar group at baseline. While 
described as young, healthy adults, 25-50% of the participants reported lumbar pain 
strong enough to interrupt their sleep (Desouzart, Filgueiras, et al., 2014; Desouzart, 
Vilar, et al., 2014). It may be because of the reported lumbar pain, that the average 
group PSQI score is similar to our Lumbar group PSQI score. In another study 
examining sleep quality (O'Donoghue, Fox, Heneghan, & Hurley, 2009), participants 
with cLBP were age and gender matched and the PSQI and ISI were used to evaluate 
sleep quality. Eighty six percent of the cLBP participants were rated as poor-quality 
sleepers, which is greater than our Lumbar group (70%), but the authors reported a 
similar occurrence of poor sleepers in their Control group (6%) to our Control group 
(5%). In this same study, more than half of the participants with cLBP were rated as 
having threshold clinical insomnia (i.e., ISI score > 13) which is considerable higher 
than our Lumbar group, in which 20% were rated as having threshold insomnia, 
indicating our Lumbar group was not experiencing as poor a sleep quality as those 
with cLBP. 

In addition to there being differences in sleep posture (i.e., more time in 
provocative sleep postures) between our Control group and symptomatic groups 
and a greater frequency of posture shifts, participants in both of our symptomatic 
groups had poorer quality sleep. In a large epidemiological study, predictive factors 
for poor sleep quality and waking cervical symptoms were evaluated (Gordon et al., 
2007b). The authors concluded that factors which decrease sleep quality (e.g., 
medical condition, nocturnal bruxism and past cervical injury) were associated with 
waking cervical symptoms. Sleep posture was not found to affect sleep quality, 
however sleep posture was assessed using self-report and this has been found 
inaccurate. A more recent study, used a single IR camera to examine the effect of 
changing sleep posture on sleep quality, as part of a three-arm (including control 
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group) interventional study (n = 24, 12 female) (Desouzart et al., 2015). Participants 
in one of the intervention arms were educated to spend more time in supine and 
SSL, and less in prone. At follow-up, three to four months later, the percentage of 
time in prone had decreased, percentage time in side lying had increased and 
participants reported an improvement in sleep quality. 

Factors that reduce sleep quality have been shown to increase tissue pain sensitivity 
and may contribute to why our symptomatic groups reported more pain, stiffness 
and bothersomness on waking. Prior studies examining sleep posture, have 
associated posture changes with transitions of sleep stages (Hobson et al., 1978; 
Muzet et al., 1972). When posture changes occurred, sleepers are more likely to 
transition into REM and shallow sleep stages, not deep and recovery sleep stages 
(Section 2.1.2.). What was not considered in these studies, was that shifts in posture 
may have occurred as a result of plausible tissue loading. Spinal symptoms were not 
measured in these studies. Our results indicate a relationship between sleep 
posture and sleep quality. As a result, sleep posture may impact on sleep quality 
and poorer sleep quality has been linked with broader health issues like depression 
(Baglioni et al., 2011). 

7.4.3 Mental Health 

In addition to poorer quality of sleep, we found differences in mental health and 
quality of life measures between the Control and symptomatic groups at baseline. 
Participants in the Cervical group, had poorer HADS-A and HADS-D scores, but not 
SF36 MS. In the Lumbar group, both SF36 MS and HADS-A scores were poorer than 
the Control group. There is a paucity of literature examining relationships between 
sleep posture and mental health, however, the broader literature closely associates 
poor sleep quality with poor mental health in a wide variety of circumstances; 
problematic smartphone use (Yang, Fu, Liao, & Li, 2019), body fatness in 
adolescents (Lima et al., 2020), perimenopausal women (Xiao, Mou, & Zhou, 2019) 
and insomnia risk (Oh, Kim, Na, Cho, & Chu, 2019).  

As a result, early intervention programs for insomnia have been recommended due 
to the strong association between poor sleep and the development of depression 
(Baglioni et al., 2011). As highlighted in Section 7.4.2., our results indicate a 
relationship between sleep posture and sleep quality. This has also been noted in a 
study that used PSG to examine the sleep postures (n = 16, 8 female) of self-rated 
good and poor sleepers (De Koninck et al., 1983). The authors noted that poor 
sleepers had higher depression scores than good sleepers and concluded that 
casual links may exist between the quality of sleep and sleep postures. 

7.5 Can Participants Change Their Sleep Posture? 

Following postural education and an intervention period of 4 weeks, participants in 
the symptomatic groups were reassessed by video and online questionnaires. 
Participants in both symptomatic groups were able to significantly reduce the 
percentage of time they spent in provocative sleep postures and approached the 
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percentages of time spent in each sleep posture recorded by the Control group at 
baseline (Table 24). 

Our pedagogy was simple and clinically reproducible, involving a single face to face 
discussion and the provision of a reminder handout (Appendix 17). Education has 
been used before in several studies to affect posture change in relation to changing 
positional sleep apnea (Cartwright et al., 1991), improving quality of sleep 
(Desouzart et al., 2015) and in relation to reducing spinal pain (Desouzart et al., 
2016). Sample sizes were smaller than our group, n = 15, 8 and 10 respectively and 
intervention periods varied over 8, 12 and 4 weeks respectively. Similar to our 
intervention, all of these studies provided verbal recommendations to adopt 
specific sleep postures. Two studies included weekly follow-up periods either by 
phone or email (Cartwright et al., 1991; Desouzart et al., 2015). Two studies 
confirmed changes in sleep posture by using a single IR camera (Cartwright et al., 
1991; Desouzart et al., 2015) and one by using self-report (Desouzart et al., 2016). 
Neither of the studies using IR cameras provided reliability and validity data for 
their sleep posture classifications and neither study sub classified side lying sleep 
postures and the reliability of self-report is questionable, as discussed in Section 
2.5.3.1. Using an objective measure of sleep posture, our study builds on the limited 
body of current knowledge, that following a single face to face educational session 
and without follow-ups, clinicians can reasonably expect patients with cervical or 
lumbar waking spinal symptoms to be able to improve their sleep posture (i.e., 
reduce the time spent in PSL and increase the time spent in SSL). 

7.6 Does Changing Sleep Posture Influence Spinal Symptoms and 

Disability? 

Based on plausible, increased spinal tissue load as a result of sustained or repeated 
sleep postures, see Section 2.3.2.3.4, we provided postural advice to participants in 
both symptomatic groups aimed at reducing the time spent in prone and PSL. In line 
with our original hypothesis, four weeks after the sleep posture education 
intervention, participants in both symptomatic groups had significant reductions in 
pain, stiffness and bothersomeness which were clinically important. By 16 weeks 
after intervention, participants in the Cervical and Lumbar groups reported 
progressive reductions in pain, stiffness and bothersomeness. Simultaneously, there 
were significant improvements in associated disability measures for the Cervical 
group (e.g., NDI, SFI) and Lumbar group (e.g., RMD, SFI, SF36 PC), which were 
maintained out to 16 weeks and clinically important. It is important to note that 
baseline disability scores were low in both groups, which is what we expected as 
our participants were still completing their normal activities of daily living and not 
seeking treatment, and yet both groups experienced reductions in spinal symptoms 
and Improvements in disability. Improvements in lumbar pain following a 4 week 
postural intervention have been noted by others (Desouzart et al., 2016), however 
determination of sleep posture at baseline and follow-up was by self-report and not 
confirmed objectively. In another intervention study (Desouzart et al., 2015), with a 
posture education arm, participants were videoed at baseline and approximately 16 
weeks after intervention, however pain and disability measures were not reported. 
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Using an objective method to measure sleep posture at baseline and after 4 weeks, 
our study confirms that participants with cervical and lumbar symptoms were able 
to reduce the time they spent in provocative sleep postures after a posture 
education intervention and simultaneously, experienced a reduction in pain by 4 
weeks, which was maintained out to 16 weeks. 

While low back and neck pain are ranked as fourth cause of disability in the world 
(Hurwitz et al., 2018), the natural course for the majority of people with non-
specific mechanical neck pain, is for a general improvement in symptoms over time 
(Binder, 2007). In a population-based cohort study examining the incidence and 
course of neck pain over 12 months (Côté et al., 2004), the annual incidence of neck 
pain was 14.6% with the annual incidence of developing chronic neck pain was 
0.6%. The authors noted the course from onset to resolution is marked by periods 
of exacerbation and remission. A review article (Hoy, Protani, et al., 2010) 
examining neck pain reported similar findings, with an annual incidence ranging 
from 10.4% to 21.3% and between 33% to 65% recovered within a year, but the 
period to recovery was commonly marked by relapses. A study examining the 
epidemiology of low back pain (Hoy, Brooks, et al., 2010), estimated the 1 year 
incidence of any LBP ranged from 1.5% to 36% and the 1 year remission ranged 
from 54% to 80%. The authors also noted that most people experience 
reoccurrences, which they estimated ranged from 24% to 80% in a 1 year period. In 
view of this pattern of exacerbation and remission, without a control group, it is 
impossible for us to be certain if participants in our Cervical and Lumbar groups 
achieved symptom reduction over the 16 week period as a result of the intervention 
or time. A larger placebo-controlled trial would be required to establish this with 
certainty. 

7.7 Does Changing Sleep Posture Influence Quality of Sleep? 

In both of our symptomatic groups, there were clinically important improvements 
(Section 5.2.3) in the NRS of sleep quality at 4 and 16 weeks. Participants in both 
symptomatic groups reported significant improvements in their quality of sleep, as 
measured by quality of sleep over the prior 2 weeks, at 16 weeks following the 
sleep posture intervention. Of interest, participants in the Cervical group at 4 weeks 
had not experienced a significant improvement, while those in the Lumbar group 
did. In conversation with participants, many mentioned waking during the night and 
checking their sleep posture for the first few weeks. It may have been that in asking 
participants to change a habitual sleep routine, their increased sleep posture 
awareness in the quiet waking and waking sleep stages, known for evaluation, 
planning and understanding, see Section 2.1.2 reduced their perceived quality of 
sleep. However, after 16 weeks of practicing their new routine, the initial elevated 
arousal and perceived disruption in sleep quality, diminished with increased 
familiarity of their new sleeping routine. 

In the prior intervention study with a posture education arm Desouzart et al. (2015) 
all participants were videoed and completed the PSQI at baseline and after 
approximately 16 weeks. The education group received posture education involving 
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advice to sleep in either supine with a pillow under the knees, or side lying with a 
pillow between the knees and between the arms. The other intervention was to 
practice physiological relaxation before going to sleep. The Control group was 
advised they may be involved in future surveys. Participants in the posture 
education and relaxation groups were contacted weekly by phone or email to 
provide reinforcement and support regarding correct sleeping postures. No contact 
was made with Control group participants until reassessment. The intervention goal 
was also similar to ours; reducing time spent in prone and PSL. Because of the 
specified use of pillows in the posture education group, it is likely that participants 
classified as sleeping in side lying were sleeping in SSL. However, it is likely that 
participants classified as sleeping in side lying at baseline, were a mix of PSL and SSL. 
At 16 weeks, participants in the posture education group had reduced the time 
spent in prone and increased the time spent in side lying. There was also a 
reduction in the PSQI score from 6 to 3 points (p = .008). These results mirror our 
own; that being both symptomatic groups started with a similar PSQI (i.e., 6.6 and 
6.0) and following a posture education program, reduced the time spent in 
provocative sleep postures and at the same time, sleep quality improved at 16 
weeks. In our Lumbar group, the PSQI improvement neared significance (p = .055) 
and the ISI was significant but was not clinically important. In our Cervical group, 
the magnitude of change was not as large and it is possible that changing sleep 
posture may not be as influential on sleep quality in people with neck pain or that 
larger study with a control group may be required to identify changes in the PSQI 
and ISI. A difference between the Desouzart et al. (2015) study and ours is in 
relation to follow-up. Participants in our study received no follow-up, other than the 
educational handout they were provided with when first receiving instructions 
about changing their sleep posture at the start of the intervention phase. 
Participants in the Desouzart et al. (2015) study, received a weekly mix of phone 
calls and/or emails providing positive feedback in regards to the intervention goals. 
Given the similar outcomes in sleep quality improvement, it may be more efficient 
and not necessary to provide ongoing follow-up during the intervention phase. 

Sleep quality is important because of associations with pain and mental health. Poor 
quality sleep has been shown to increase susceptibility to episodes, severity and 
sensitivity of pain (Bigatti et al., 2008; Simpson et al., 2018). In a meta-analysis of 
longitudinal studies (Baglioni et al., 2011), it was reported that non-depressed 
people with insomnia, have a twofold risk of developing depression compared with 
those that did not have insomnia. The authors also reported that people with 
insomnia were more likely to have depression than the general population and 
people without insomnia were less likely to have depression that the general 
population. In our study, we did not find in the Cervical group any significant 
improvements in HADS-A, HADS-D or SF36 MS measures, even though participants 
did change their sleep posture and there were improvements in sleep quality and 
pain as measured by NRS. These results concur with another study examining the 
use of subjective and objective measures of sleep assessment in a cLBP population 
(O'Donoghue et al., 2009). They found that if sleep quality was only analysed using 
one measure, the extent of the altered sleep quality would be inaccurate. The 
authors reported that subjective measures of sleep quality more closely aligned 
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with subjective pain and quality of life measures, rather than objective measures. 
Similar discrepancies have been noted in other pain populations (Menefee et al., 
2000). It may be that improvements in sleep quality take longer than 16 weeks in 
people with neck symptoms to have a measurable effect on mental health, given 
the chronic nature and multidimensional aspects of mental health. Conversely, 
participants in our Lumbar group experienced significant improvements in all three 
measures of mental health, which were also clinically significant. This highlights the 
potential importance of examining cervical and lumbar groups separately, rather 
than as one single spinal group. 

Sleep quality is influenced by initiation and maintenance of sleep. One factor 
affecting sleep maintenance could be sleep posture. We proposed that sleep 
posture could be provocative on spinal symptoms, based on plausible tissue load 
(Section 2.3.2.3.4). We found participants in both symptomatic groups spent more 
time in provocative sleeping postures and changed sleep posture (lumbar non-
significant) more frequently than the Control group. Following a single education 
session, participants in the symptomatic groups spent less time in provocative 
postures, changed sleep posture fewer times (cervical non-significant) and 
experienced improvements in sleep quality. While we cannot be confident that the 
sleep posture intervention in our study was the cause of improvements in the sleep 
quality, these improvements do warrant further investigation in future studies. 

7.8 Limitations 

In the Candidacy proposal and clinical trial registration, our initial aim was to recruit 
30 participants into each group. A convenience sample of volunteers were allocated 
on a consecutive basis to one of the two symptomatic groups based on group 
eligibility. If they were not eligible for a symptomatic group, they were enrolled in 
the Control group. Recruitment took considerably longer than expected and the 
target of 30 participants in each group was unable to be achieved. At the time 
recruitment was discontinued there were 20 participants in the Control and Lumbar 
groups and 13 participants in the Cervical group. Having smaller group sizes may 
have resulted in some findings not reaching significance. 

To be able to determine if waking spinal symptoms were caused by sleep posture, 
we needed to have a control group of symptomatic participants who did not receive 
the intervention. Randomising symptomatic participants into intervention and 
control groups would have allowed for potential confounding factors and the 
influence of time. We recognised in the planning stages, that obtaining sufficient 
participants in a rural and remote locality to sufficiently power a randomised, 
controlled study to be unlikely. Rather, we chose to undertake a cross sectional 
comparison between symptomatic and Control groups and use an uncontrolled, 
repeated measures design for the intervention study over 16 weeks. This design 
enabled us to identify differences in sleep posture, symptoms and sleep quality 
between a Control and symptomatic group participants, determine whether 
changing sleep posture was a feasible intervention goal and identify if by changing 
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sleep posture, waking spinal symptoms, quality of sleep and other PROs 
correspondingly changed. 

In reviewing sleep posture classifications while reviewing sleep data, it was noted 
that some participants slept in PSL, with the top leg in greater hip flexion than the 
lower leg, but remained in a spinal neutral posture due to the specific use of a 
pillow ‘Singapore pillow’ or folded duvet. As we were examining plausible spinal 
load associated with rotation and extension it did not make sense to classify these 
participants as in PSL. Acknowledging this possibility in the methodological design of 
future studies would be important. 

7.9 Future Research 

To better clarify the relationship between sleep posture, waking spinal symptoms 
and quality of sleep, a randomised clinical trial is recommended. For this to happen, 
a larger pool of volunteers would be required from which to select eligible 
participants. Alternatively, a single-subject A-B research design could be used to 
control for confounding factors. Eligibility criteria for group allocation could be 
altered to better distinguish between those with and those without waking spinal 
symptoms. 

It is very time consuming to manually observe and score each night of sleep data. 
While high levels of reliability were reported using this recording method, with 
larger and more groups, proper resourcing would be necessary. Investigation into 
the automation of this aspect of data collection, through the use of less intrusive 
and cost-effective methods in the home environment is warranted. This could 
incorporate artificial intelligence using a pressure sensitive mattress cover or video 
data automatically analysed using a sleep posture recognising algorithm, validated 
with our recording method. 

7.10 Conclusion 

Primary contact health practitioners are faced with the daily situation of treating 
patients who are experiencing waking spinal symptoms or exacerbations of already 
present spinal symptoms. The ability for clinicians to provide evidence-based advice 
on the possible role of sleep posture, requires a body of literature from which to 
draw relevant conclusions. We identified, and it has been confirmed by other 
researchers, that the use of self-report to measure sleep posture is unreliable, 
bringing into question the existing body of literature that has used this method to 
assess sleep posture. The first step in examining sleep posture, therefore required 
the development of a validated measure of sleep posture, that would ideally be 
portable for use in field situations, rather than limited to sleep laboratories. 

Not all sleep postures invoke the same loading pattern, with some maintaining and 
supporting a symmetrical spine, while others elongate and potentially provoke 
spinal tissues. The broad classification of side lying has traditionally included all 
sleep postures that were neither prone or supine, making it the largest sleep 
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posture category. However, based on plausible tissue loading, not all side lying 
sleep postures are the same. For this reason, we divided side lying into two 
postures based upon spinal symmetry, one supportive and one provocative. 
Collagen is a viscoelastic material with capacity to respond to load. However, 
repeated low loading (e.g., 20 Nm) or sustained loading (e.g., 10 minutes) has been 
shown in human and animal studies, to cause spinal symptoms (e.g., pain), 
augmented muscle function (e.g., muscle spasms) and the release of pro-
inflammatory chemicals indicating ligamentous damage. These loads and load 
durations are repeatably achieved in the course of night’s sleep. 

Our cross-sectional study demonstrated that participants in our symptomatic 
groups did have a different sleep posture routine to those in the Control group. 
Participants in the symptomatic groups spent more time in provocative sleep 
postures, reported more pain, stiffness, bothersomeness, and a poorer quality of 
sleep. They also reported poorer scores in disability, sleep and quality of life 
domains. 

Following a simple educational intervention, participants in both symptomatic 
groups were able to reduce the amount of time spent in provocative sleep postures 
(i.e., PSL and prone), and at the same time experienced a range of improvements in 
pain and disability measures. Participants in the Lumbar group experienced 
improvements in nearly all of the PROs. 

Our research provides clinicians and researchers with a validated tool to measure 
sleep posture. It provides clinicians with the knowledge that most patients will be 
able to reduce the amount of time they spend in provocative sleep postures 
following a simple sleep posture educational intervention. Our research indicates 
that changing sleep posture reduces spinal symptoms, disability and improves 
quality of sleep in patients with cervical or lumbar pain. Further, our research 
indicates that reducing time in provocative sleep postures may also have broader 
implications for patients with mental health, that warrants further investigation. 
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Appendix 3. Reliability and Validity Recording Sheet 

 
Name:  Date: 

 

Instruction 

In each of the three sequences; no sheet, sheet + clothes, sheet + clothes + duvet, 
six postures are demonstrated. 

Please record the new posture in each column. 

Options to choose for each posture are 

1. Supine (stomach up) 

2. Prone (stomach down) 

3. Side lying (knees together) 

4. ¼ Prone 

The first series of postures are under natural light and the second sequences of 
postures are under infra-red light. 

 

Light Posture 1 2 3 4 5 6 

Natural  No Sheet       

 Sheet       

 Duvet       

Infra-Red No Sheet       

 Sheet       

 Duvet       
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Appendix 4. Manuscript: Examining the Validity and 

Reliability of a Portable Sleep Posture Assessment Protocol 
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Examining the validity and reliability
of a portable sleep posture assessment
protocol, using infrared cameras,
under a variety of light and bed cover
situations in the home environment

Doug Carya,b,∗, Roger Collinsonc, Michele Sterlingd and Kathryn Briffab

aEsperance Physiotherapy, Esperance, WA, Australia
bSchool of Physiotherapy and Exercise Science, Curtin University, Perth, WA, Australia
cSchool of Mathematics and Statistics, Curtin University, Perth, WA, Australia
dRecover Injury Research Centre, NHMRC CRE in Road Traffic Injury, The University of Queensland,
QLD, Australia

Received 2 October 2017
Accepted 13 September 2018

Abstract.
BACKGROUND: Spinal symptoms of pain and stiffness on waking have been linked to sleep posture. Sleep posture is
commonly classified as supine, side lying and prone. It is clinically postulated that sleeping postures with sustained end of
range rotation and extension may influence pain sensitive spinal tissues. However, the lack of a valid and reliable method of
assessing sleep posture, means clinicians are unable to provide corrective advice based upon evidenced based research.
OBJECTIVE: To determine the validity and reliability of a sleep posture recording protocol in the home environment.
METHOD: Twenty health professionals viewed a pre-recorded video recording of randomized sleep postures under natural
and infrared light situations, with a variety of bed coverings, to represent the habitual environment. Sleep postures were
classified into six categories including two intermediate postures (supported side lying and provocative side lying). Viewing
was repeated after two days.
RESULTS: Intra-and inter-rater reliability were excellent; Cohen’s Kappa = .93 (95% CI 0.80 to 1.0) and Fleiss Kappa =
0.83 (95% CI 0.82 to 0.84) respectively. Validity, determined as concordance between the health professionals’ classifications
and the known postures, was also excellent Cohen’s Kappa = .91 (95% CI 0.77 to 1.0).
CONCLUSIONS: Reliable and valid assessment of sleep posture, including intermediate postures, could be achieved using
low cost, portable, infrared video recording equipment, under a variety of lighting conditions and a variety of bed cover
situations typical of the home environment.

keywords: Ergonomics, spine pain, spine stiffness, sleep posture assessment, habitual environment, sleep posture classifica-
tion, intermediate sleep postures
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1. Background

Daytime posture is considered a contributor to
spinal symptoms [1], while sleep is generally con-
sidered a period for rest and recovery for workers
[2]. It has been identified, that high quality sleep
is critical for workers’ recovery [3]. However, some
people wake with spinal symptoms, like pain, stiff-
ness and paraesthesia, not present when going to
sleep which impact on their sleep quality [4–6].
Self-reported sleep disturbances are associated with
reduced performance and increased healthcare costs
[7], increased risk of occupational injury [8], cause-
specific work disability and delayed return to work
[9].

It has been clinically postulated, that some sleeping
postures involving sustained end range spinal rotation
and or extension, may provoke pain sensitive spinal
tissues [4, 10] and therefore affect quality of sleep.
At present, there is no high-level evidence to sup-
port these clinical observations, possibly due to a lack
of appropriate techniques to measure sleep posture.
Current sleep posture measurement techniques can
be divided into non-technological and technological.

Non-technological research designs have used
self-report or questionnaires to measure sleep pos-
ture, however most of these have not been validated
against a gold standard of measuring sleep posture
[4, 11, 12], while others have queried the relia-
bility of self-report [13, 14]. With a small group
of healthy participants [15], researchers validated
their self-report questionnaire with a single infrared
[IR] camera recording, using sleep posture criteria
previously described [16]. They found self-report
was accurate for the sleep postures of supine, side
lying, and prone; however, no validity or reliability
data were presented for their IR video classifica-
tion system [15]. Self-report has also been studied
in patient populations. Researchers explored the rela-
tionship between sleep posture (supine, side lying and
prone) and primary open angle glaucoma, in which
self-report was compared to continuous posture mon-
itoring using an Embletta X10 sleep monitor [17]. In
another study, researchers explored the relationship
between sleep posture and OSA [13]. In the former,
self-report of sleep posture was significantly asso-
ciated with sleep posture [p = .03], while it was not
found to be reliable in the latter, and recommenda-
tions were made to not solely rely on self-report.
Self-report has not been examined for intermediate
postures [18], the importance and clinical relevance
of which are discussed later.

Technological assessment of sleep posture
includes pressure mattress indentation [19, 20],
capacitance sensing [21], thermal imaging [22],
camera and videography [23, 24] and actigraphy
[25]. Utility of the first three methods is limited
by availability and cost. Researchers use IR light
videography as part of polysomnography [23,
24], to determine sleep posture [6, 26, 27] or to
compare posture with other equipment [28]. Infrared
eliminates the need for white light, which is known
to interfere with sleeping, but using the IR light
band in total darkness creates non-uniformities
(overexposure in the centre) [29]. Furthermore,
examples of IR image capture in the prior paragraph,
did so in only one dimension, limiting accuracy due
to variable bed covers, light reflection and shallow
depth of field. Concerns in association with videog-
raphy have previously been reported in regards to
privacy, quality of image and data storage [28], but
with modern equipment, image quality and data
storage, these are no longer significant limitations.
Actigraphy is inexpensive and commonly used to
measure movement [25], however it does not mea-
sure posture. A systematic review identified the need
for non-invasive, low cost and user friendly objective
measurements of sleep, that can be deployed into
non-laboratory environments [30]. While some
researchers have utilised self-report and IR imaging
in institutional dormitories [6, 31], we are not aware
of these methods being used in home environments
to measure sleep posture.

Sleep posture has been previously classified in dif-
ferent ways, but is most commonly classified into
supine, side lying and prone[14–16]. In this three-
level classification, supine is where the chest faces the
roof, prone is when the chest faces the floor, and all
other postures were considered side lying. As a result,
side lying is the most commonly classified sleep pos-
ture in adults [15, 31, 32]. However, there are several
variations contained within the classification of side
lying [33–35], termed intermediate postures. Prior
researchers scored sleep posture images, obtained
from a single IR video camera of healthy participants
in a sleep laboratory and noted that intermediate side
lying postures occurred. Their approach was to sub-
classify these side lying postures based upon pelvic
orientation [26]. However, no reliability or validity
data for the manual scoring of video images were
provided.

Another method used to sub-classify side lying
sleep postures, is based on plausible spinal tissue
load. When considering whether a sleep posture could
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Fig. 1. Sleep Posture Classification. Historically sleep postures have been classified into four groups, supine, prone, and side lying. Adults
spend the greatest period of time sleeping in side lying, however there is a wide variety of side lying postures that involve varying degrees
of spine rotation and extension. It is anecdotally acknowledged that sleep positions involving spinal rotation and extension, increase spinal
tissue load and contribute to waking spinal symptoms. Therefore, for clinical utility, it would be of benefit to sub-classify the broader side
lying posture into specific intermediate postures, based upon the associated biomechanical load. For this reason, we identified the posture
of supported side lying [SSL] in which there is minimal spinal rotation or extension and provocative side lying [PSL] in which there is a
combination of spine rotation and extension.

Fig. 2. Camera Setup. Sleep imaging initially was provided with hand drawings, then photographs and currently using video captured infrared
images. The most common current setting is in a sleep research laboratory associated with polysomnography, in which video footage is
obtained from one viewing angle, usually the foot end of the bed. Determining the positioning of a three-dimensional object like the leg, in
relation to the other leg or trunk can be difficult when viewed from one angle only. For this reason, we trialled several dual camera setups.
We found that having two cameras, with different viewing angles [one overhead and one at the foot end of the bed], provided good depth
perception on viewing, relative ease of setup and provided backup data collection, in the advent of one camera failing.

Consent for the publication of this study and any addi-
tional related information was provided by the model
involved in this study.

The recorded video was then imported into video
editing software where a short training section was
added. This consisted of a picture of each of the
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Fig. 3. Visual Quality and Viewing Angles. A criticism of infrared
captured images has been picture quality and the subsequent inabil-
ity to determine sleep posture. For this reason, we selected cameras
that provided enough resolution to provide high quality images to
discern sleep posture. Furthermore, because pictures have no depth
perception, we chose camera alignment that assisted in the deter-
mination of relative limb and trunk placement. This picture shows
the model in the supported side lying posture, covered by a sheet,
from the foot end camera and the overhead camera under infrared
light.

sleep postures, with superimposed explanatory text
describing the key feature of the sleep posture
(supine, SSL, PSL and prone) (See Fig. 4). Total video
time was nearly ten minutes, including the training
section. The video was uploaded to YouTube and 20
health care professionals were recruited by personal
invitation to participate using personalized links.
Informed consent was sought and granted by each
health care professional. The professionals viewed
the video on two separate occasions, with at least a
two-day interval between viewings. After each video
viewing, the professionals were asked to identify each
of the 36 sleep postures as supine, SSL (right and
left were combined), PSL (right and left were com-
bined)or prone and email their recording sheet to the
researcher.

2.3. Data analysis

Inter-rater reliability was determined using Fleiss
Kappa comparing the concordance of classifications

Fig. 4. Screen-shot of Video’s Training Section. In the Training
section of the video, screen shots of each sleep posture were
included, highlighting to raters how to determine each of the dif-
ferent sleep postures. Figure 4. demonstrates the provocative side
lying sleep posture, under the condition of natural light and no bed
covers.

made by the 20 health professionals during their
first viewing of the recorded postures under differ-
ent lighting and bed conditions. Intra-rater reliability
was analysed using Cohen’s Kappa, comparing the
classifications made by each professional during
their first and second viewings of the recorded
postures. Validity was determined using Cohen’s
Kappa comparing the classification of each of the 20
professionals during their first viewing of the video
against the known posture of the model.

3. Results

Twenty health professionals (18 physiotherapists,
2 chiropractors; 12 female) with two to 42 years of
clinical experience (mean 16.7, SD 12.4), viewed the
YouTube recording twice.

Inter- and intra-rater reliability were excellent.
Cohen’s Kappa for intra-rater reliability was .93 (95%
CI = .80 to 1.0) with a value of 1.0 for 25% of the
health professionals and Fleiss Kappa for inter-rater
reliability was 0.83 (95% CI = .82 to.84).
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coverings commonly found in a home environment.
Further, it has demonstrated that health profession-
als with varying levels of clinical experience can
accurately interpret the results. This protocol now
provides the opportunity for sleep posture assessment
to be performed in a client’s home environment and
not a sleep laboratory, with the potential to identify
relationships between sleep postures, spinal symp-
toms and other medical conditions.

List of abbreviations

IR: Infra-red,
SSL: Supported side lying,
PSL: Provocative side lying
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Appendix 5. Study Recruitment Strategies 

Newspaper Article 

 

 

Radio Interviews 

28/8/2014 ABC Esperance. Click here 

17/9/2014 HOT FM Esperance. Click here 

  

https://drive.google.com/file/d/1vwNI-cNLiLbS6gVCQEK0C88tP8v0JKc6/view?usp=sharing
https://drive.google.com/file/d/1UVQrE2-mC33SWQ2qjl2M8n3nICdjRjQ3/view?usp=sharing
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Press Release 9/11/2015 

Local Physiotherapist Undertaking World’s First Research. 

Local physiotherapist Doug Cary, is conducting research in conjunction with Curtin 
University and Queensland University as part of his PhD, examining the 
relationships between sleep posture and spinal pain. 

To do this they are currently recruiting people between 18 - 45 years of age in three 
broad categories; 

1. No morning spine pain or stiffness 

2. Several mornings per month of spine pain or stiffness in the neck and  

3. Several mornings per month of spine pain or stiffness in the low back 

“We sleep for 1/3 of our lives and yet we don’t know the link between common 
sleep postures and spine pain” says Doug “which is a real gap in our understanding 
of posture and spine pain. There are volumes of research looking at sport and spine 
pain, work and spine pain, pregnancy and spine pain, but not sleep positions and 
spine pain. We aim to address this with this new research” 

To achieve this, they require 30 more people to enroll in the study to ensure they 
have sufficient numbers to provide reliable data. “We are half way into this study 
and would love to have enough numbers to provide good data that can then 
translate into real findings to guide professionals who are providing advice all 
around the world” said Doug. 

To be involved in this study you can contact Doug via; 

Phone: 90715055 

Email: douglas.cary@postgrad.curtin.edu.au 

Mail/Drop by: 5 William Street 

mailto:douglas.cary@postgrad.curtin.edu.au
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Can	You	Help?	
Seeking	Participants	for	World’s	

First	Research	
30	People	in	3	months	

We	are	seeking	the	involvement	of	community	members	to	examine	the	relationship	
between	sleep	posture	and	spine	symptoms.	For	this	reason	we	require	people	that	

have	either	no	pain	and	people	that	have	either	neck	or	back	morning	pain.	
	

Your	Involvement	
For	the	purpose	of	this	study,	participants	must	be;	

• Between	18	and	45	years	of	age	
• Able	to	move	freely	in	bed	(no	server	pain,	apnea	machines,	sleeping	medications)	
• Willing	to	complete	an	online	questionnaire	(15-20	minutes)	
• A	researcher	will	position	two	cameras	on	stands	in	your	bedroom,	that	will	video	your	

sleep	posture	over	two	consecutive	nights.	This	is	to	enable	calculation	of	the	amount	of	
time	you	spend	in	each	sleep	position.	

	
All	information	remains	confidential	as	per	Curtin	University	Ethics	Guidelines.	

What	to	Do	
Please	contact	Doug	Cary,	5	William	Street,	Esperance	WA	6450	or	by	telephoning	90715055	or	by	
emailing	douglas.cary@postgrad.curtin.edu.au.	Thank	you	!!	

Research	Undertaking	
Mr.	Doug	Cary	(ID	08411419)	is	completing	his	Doctorate	by	Research	at	Curtin	University;	examining	links	
between	sleep	posture	and	the	human	spine.	This	project	is	supervised	by	A/Prof.	Kathy	Briffa	Curtin	
University	and	Prof.	Michele	Sterling	The	University	of	Queensland.	This	study	has	been	approved	by	the	
Curtin	University	Human	Research	Ethics	Committee	(Approval	Number	HR140/2014).	The	Committee	is	
comprised	of	members	of	the	public,	academics,	lawyers,	doctors	and	pastoral	carers.	If	needed,	verification	
of	approval	can	be	obtained	either	by	writing	to	the	Curtin	University	Human	Research	Ethics	Committee,	c/-	
Office	of	Research	and	Development,	Curtin	University,	GPO	Box	U1987,	Perth	6845	or	by	telephoning	9266	
9223	or	by	emailing	hrec@curtin.edu.au.	
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Appendix 6. Participant Information and Consent Form 

 

Participant	Information	and	Consent	Form	1	

Information	&	Consent	Form	

Accuracy	Of	Self-Report	Sleep	Position	In	
Habitual	Environment	
Candidate:			 Doug	Cary	
Supervisors:	 Associate	Professor	Kathy	Briffa	&	Associate	Professor	Michele	Sterling	

Introduction	
Your	participation	in	this	research	study	is	voluntary.		The	purpose	of	this	study	is	to	
determine	whether	people	actually	do	sleep	in	the	position	they	think	they	sleep	in.		To	do	
this	we	will	ask	you	to	complete	a	questionnaire	about	your	sleeping	positions	and	compare	
your	responses	with	infrared	video	recordings	of	your	movements	while	you	sleep.	

We	are	looking	at	people’s	sleep	positions	in	their	home	with	their	usual	sleeping	
arrangements.	To	do	this	the	researcher	will	install	equipment	(2	infrared	cameras	on	
tripods	and	a	hard	drive)	in	your	bedroom	at	a	convenient	time	for	you.		The	machine	will	
automatically	turn	on	at	8.00pm	and	stop	recording	at	8.00am.	Recording	will	be	for	two	
nights.	Equipment	will	be	collected	after	the	second	night.	Prior	to	recording	your	sleep,	we	
will	ask	you	to	complete	a	questionnaire	(general	questions	and	sleep	positions).	This	will	
take	about	20	minutes.	A	summary	of	results	will	be	available	to	you	after	the	study.	

Privacy	
The	images	collected	on	the	video	will	be	infrared	so	likeness	to	the	participants	will	not	be	
clear,	however	it	may	be	possible	to	recognize	participants.		Only	the	investigators	will	view	
the	images	and	stored	images	will	be	password	protected,	accessible	only	by	the	
investigators	and	identified	by	number	only.		They	will	be	securely	archived	at	Curtin	
University	for	five	years.	

Contact	
Should	you	have	any	queries	please	contact	Mr.	Doug	Cary	on	90715055	

Ethical	Details	
The	Curtin	University	Human	Research	Ethics	Committee	has	approved	this	study.	(Approval	
Number	PTO169).	The	Committee	consists	of	public	members,	academics,	lawyers,	doctors	
and	pastoral	carers.	Its	main	role	is	to	protect	participants.	Verification	of	approval	can	be	
obtained	by	writing	to	the	Curtin	University	Human	Research	Ethics	Committee.	
Office	of	Research	and	Development,	Curtin	University	of	Technology,	GPO	Box	U1987,	Perth	
6845,	telephoning	9266	9223	or	emailing	hrec@curtin.edu.au.	
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Participant	Information	and	Consent	Form		2	

	
	
Consent	Form	
	
	
Accuracy	Of	Self-Report	Sleep	Position	In	Habitual	Environment	

Candidate:			 Doug	Cary	

Supervisors:	 Associate	Professor	Kathy	Briffa	&	Associate	Professor	Michele	Sterling	

	
• I	have	read	the	information	above.	

• I	am	18	years	or	older,	and	not	currently	receiving	medical	management	for	pain,	sleep	apnea	or	

any	other	condition	that	would	affect	my	normal	sleep	routine	

• Any	questions	I	have	asked	have	been	answered	to	my	satisfaction.	I	agree	to	participate	in	this	

research	but	understand	that	I	can	change	my	mind	or	stop	at	any	time.	

• I	understand	that	all	information	provided	is	treated	as	confidential.	

• I	agree	to	be	recorded	while	sleeping.	

• I	agree	that	research	gathered	for	this	study	may	be	published,	provided	names	or	any	other	

information	that	may	identify	me	is	not	used.	

• I	understand	the	requirements	of	this	study	and	will	take	care	of	equipment	while	in	my	

possession.	

	

Participant:	 	 	 	 	 	 Researcher:	

	

Name		 	 	 	 	 	 Name	 	 	 	 	 	 	

	

Signature	 	 	 	 	 Researcher	Signature	 	 	 	 	

	

	

Date	 	 	 	 	
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Appendix 7. Pre-Sleep Questionnaire 

Male/Female  

Age_______ ID Number________________ 

Please answer each question using the following pictures as references. 

1. Which posture most closely resembles the posture you are lying in when you fall 
asleep? 

• Supine 

• R or L Supported side lying 

• R or L Provocative side lying 

• Prone 

2. Which posture most closely resembles the posture you are lying in when you 
wake up? 

• Supine 

• R or L Supported side lying 

• R or L Provocative side lying 

• Prone 

3. What percentage of the night do you spend in each posture? 

• Supine    (      %) 

• R or L Supported side lying    (      %) 

• R or L Provocative side lying   (      %) 

• Prone   (      %) 

• TOTAL   100% 



Relationships between sleep posture, waking spinal symptoms and sleep quality 

234 

4. How many mornings a month would you wake up feeling noticeably stiff or sore? 

• 0 

• 1-3 

• 4-6 

• 7-10 

• more than 10 

5. If you wake up stiff or sore is it your; 

• Neck 

• Back 

• Both 

• Other __________________________________________ (please describe)
     

 

Date Video recording 1 ___________ 

Date Video recording 2 ___________ 
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Appendix 8. Observation Without Light (OWL) Sheet 

 

  

OWLS%Recording%Sheet

Rounding%of%seconds%1530%=%lower%number,%31559%higher%number

Clock Head Trunk Legs Classification Duration S SL 3/4 P
Start

Total%Sleep%Time%(mins)

Duration
Date: ID%Number:
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Appendix 9. Ethics Approval 
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Appendix 10. Australian New Zealand Clinical Trial Registry 

Re: The effect of sleep posture on spinal symptoms 
 
Thank you for submitting the above trial for inclusion in the Australian New Zealand 
Clinical Trials Registry (ANZCTR). 
 
Web address of your trial: 
http://www.ANZCTR.org.au/ACTRN12614000708651.aspx 
Date submitted: 18/06/2014 4:24:52 PM 
Date registered: 4/07/2014 11:17:25 AM 
Registered by: Doug Cary 

ANZCTR number: ACTRN12614000708651 

Re: The effect of changing sleep posture on spinal symptoms 
 
Thank you for submitting the above trial for inclusion in the Australian New Zealand 
Clinical Trials Registry (ANZCTR). 
 
Web address of your 
trial:  http://www.ANZCTR.org.au/ACTRN12614000707662.aspx 
Date submitted: 18/06/2014 3:55:25 PM 
Date registered: 4/07/2014 10:36:22 AM 
Registered by: Doug Cary 

ANZCTR number: ACTRN12614000707662 

  

http://www.anzctr.org.au/ACTRN12614000708651.aspx
http://www.anzctr.org.au/ACTRN12614000707662.aspx
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Appendix 11. Morning After Questionnaire 

 

 

 

1. ID Number (provided by researcher)
 

2. Video Night Number

3. If you woke up this morning with symptoms, where did you mostly feel them?

4. Please record your average spine bothersomeness, experienced this morning.

5. Please record your average spine pain, experienced in this morning.

6. Please record your average spine stiffness, experienced in the morning.

7. Please record your average quality of sleep, experienced in this morning.

 

*

*

*

*
No 

bothersomeness 
= 0

1 2 3 4 5 6 7 8 9
Worst 

bothersomeness 
= 10

mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj

*
No pain = 0 1 2 3 4 5 6 7 8 9

Worst pain = 
10

mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj

*
No stiffness 

= 0
1 2 3 4 5 6 7 8 9

Worst 
stiffness = 10

mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj

*
Light/Restless 

= 0
1 2 3 4 5 6 7 8 9

Heavy/Sound 
= 10

mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj mlkj

1
 

mlkj 2
 

mlkj 3
 

mlkj

Nil
 

mlkj

Upper back and neck
 

mlkj

Mid and lower Back
 

mlkj
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Appendix 12. Sleep Posture Recruitment Form 

 

 

 
 

Sleep	Posture	Recruitment	Form	
	

Name	____________________________	Date	_____________________	

Address	_____________________________________________________________________________	

Phone	(H)	________________	(M)	____________________	Email	_______________________________	

This	study	is	examining	the	relationship	between	sleep	postures	and	spine	morning	symptoms.	
	
1.	Are	you	interested	in	participating?	 	 	 	 	 	 	 Y	 N	
2.	Are	you	fluent	in	English,	both	written	&	spoken?	 	 	 	 	 Y	 N	
3.	Are	you	between	18	and	45	years	of	age?	 	 	 	 	 	 Y	 N	
4.	Do	you	have	medical	conditions	or	use	devices	that	prevent	person	from	sleeping	in	all	postures	
e.g.	severe	OA,	esophageal	reflux,	breathing	apparatus,	late	stage	pregnancy	 	 Y	 N	

	
5.	Do	you	have	medically	diagnosed	inflammatory	conditions	or	unremitting	pain?	
e.g.	RA,	AS,	radicular	pain	 	 	 	 	 	 	 	 	 Y	 N	

	
6.	Do	you	take	prescribed	hypnotic	or	relaxant	medications?	e.g.	valium,	soma,	flexeril	 Y	 N	

7.	Have	you	been	previously	treated	by	me	for	spinal	pain?	 	 	 	 Y	 N	

	
8.	Do	you	experience	spinal	pain/stiffness	or	bothersomeness	in	the	morning?	

N	 You	are	eligible	for	the	Normal	group.	Okay	to	be	a	part	of	this	group?		
Y	 Allocate	to	Normal	Group	 N	 Why	is	that?	_____________________________	
	

9.	Y:	Which	one?	P	/	S	/	B	
Would	you	experience	these	4	or	more	times	per	month,	or	approximately	once	per	week?	

N	 You	are	eligible	for	the	Normal	group.	Okay	to	be	a	part	of	this	group?		
Y	 Allocate	to	Normal	Group	 N	 Why	is	that?	_____________________________	

	
10.	Y:	For	the	purpose	of	this	research,	we	grade	pain/stiffness	or	bothersomeness	on	a	scale	
from	0	to	10,	with	0	being	none	and	10	being	the	worse	imaginable.	The	P/S/B	that	you	experience,	4	
or	more	times	per	month,	what	would	you	score	it	out	of	_____	/10		

	
11.	If	≥�3/10,	is	your	P/S/B	greatest	while	lying	in	bed	and	ease	within	the	hour	of	getting	up?	
	
12.	Y	 Okay,	is	the	pain	mostly	in	the	neck	or	the	low	back?	

You	are	eligible	for	the	Neck/Low	back	pain	group.	Is	that	okay	with	you?	
Y	 Allocate	 N	 Why	is	that?	__________________________________	

	
	

	
Follow-up	
Confirm	email	address	is	correct.	
Advise	reason	is	that	will	be	sending	them	a	questionnaire	link	to	complete	first	night.	
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Appendix 13. Participant Information Sheet 
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Appendix 14. Partner Information Sheet 
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Appendix 15. Participant Consent Form 

 

 
 
 
 
 
 
 
 

The$effect$of$changing$sleep$posture$in$the$home$environment$on$spinal$symptoms.$

Candidate:$Doug$Cary.$Supervisors:$A/Prof$Kathy$Briffa,$Prof$Michele$Sterling$

24$

Participant(Consent(Form$

The(Effect(Of(Changing(Sleep(Posture(In(The(Home(Environment(On(Spinal(Symptoms(
PhD$Candidate:$Doug$Cary$

Supervisors:$Associate$Professor$Kathy$Briffa,$Professor$Michele$Sterling$

$

$

•$I$have$read$the$Participant$Information$Sheet$

•$I$am$18$years$or$older,$and$not$pregnant,$nor$currently$receiving$medical$management$for$

pain,$sleep$apnea$or$any$other$condition$that$would$affect$my$normal$sleep$routine$

•$Any$questions$I$have$asked$have$been$answered$to$my$satisfaction.$I$agree$to$participate$in$

this$research$&$understand$that$I$can$change$my$mind$or$stop$at$any$time$

•$I$understand$that$all$information$provided$is$treated$as$confidential$

•$I$agree$to$be$videoed$while$sleeping$and$understand$my$partner$may$also$be$visible$

•$I$agree$that$research$gathered$for$this$study$may$be$published,$provided$names$or$any$

other$in$formation$that$may$identify$me$is$not$used$

•$I$understand$the$requirements$of$this$study$and$will$be$responsible$for$equipment$while$in$

my$possession$

$

$

$

$

Participant$ $ $ $ $ Researcher:$

$

Name$$ ____________________________$$$$Name$$ _____________________________$

$

$

$

$

Signature$ $ $ $ $ Signature$

$

Date$$ $ $ $ $ $ Date$
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Appendix 16. Partner Consent Form 

 

 

 

The$effect$of$changing$sleep$posture$in$the$home$environment$on$spinal$symptoms.$
Candidate:$Doug$Cary.$Supervisors:$A/Prof$Kathy$Briffa,$Prof$Michele$Sterling$

26$

$
Partner(Consent(Form$

The(Effect(Of(Changing(Sleep(Posture(In(The(Home(Environment(On(Spinal(Symptoms(
PhD$Candidate:$Doug$Cary$
Supervisors:$Associate$Professor$Kathy$Briffa,$Professor$Michele$Sterling$
$
$
•$I$have$read$the$Partner$Information$Sheet$
•$Any$questions$I$have$asked$have$been$answered$to$my$satisfaction.$I$agree$to$participate$in$
this$research$&$understand$that$I$can$change$my$mind$or$stop$at$any$time$
•$I$understand$that$all$information$provided$is$treated$as$confidential$
•$I$agree$to$be$videoed$while$sleeping$
•$I$agree$that$research$gathered$for$this$study$may$be$published,$provided$names$or$any$
other$in$formation$that$may$identify$me$is$not$used$
•$I$understand$the$requirements$of$this$study$and$will$be$responsible$for$equipment$while$in$
my$possession$
$
$
$
$
Partner:$ $ $ $ $ Researcher:$
$
Name$$ ____________________________$$$$Name$$ _____________________________$
$
$
$
Signature$ $ $ $ $ Signature$
$
Date$$ $ $ $ $ $ Date$
$
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Appendix 17. Changing Sleep Posture Information Sheet 

How you sit and stand during the day influences the load on your spine and soft 
tissues. In the same way, the positions that you sleep in at night influence your 
spine. During the day your muscle system resists the forces of gravity but during the 
night they are largely at rest. 

From clinical experience, we have found by explaining and demonstrating the 
importance of different sleep postures, you can learn to adopt a more comfortable 
sleep posture. As when changing any habit, your new posture will at first feel 
different. This is normal and with practice will start to become your natural sleeping 
habit. 

The postures we want you to avoid are lying on your stomach or when on your side 
with your top leg rolled forward. These postures are believed to increase stress on 
your spine and consequentially cause pain and stiffness. 

The two positions that we would like you to become familiar with are sleeping on 
your back and sleeping on your side. When on your side, focus on keeping your top 
knee just behind, your bottom knee, with your top ankle resting in the arch of your 
foot. This forms your first blocking point. The goal here is to prevent your top knee 
rolling forward relative to your bottom knee and creating a twisting load on your 
back and neck. 

In addition, create a triangle with your bottom elbow and place your hand against 
your top shoulder. Triangles are strong and this forms your second blocking point. 

Place your top hand between your thighs to act as a diagonal stabilizer, much like 
on a gate to stop it sagging, it will assist to stop your top knee rolling forward. 

             ✓         ✓  ✗  ✗ 
 

Through the course of the night it is normal to wake several times and people often 
comment on having a few restless sleeps initially. This is normal and an indication 
your brain is checking your sleep posture. 

Become familiar with these two positions and when you wake up, check and correct 
your sleeping position appropriately. 

 



Relationships between sleep posture, waking spinal symptoms and sleep quality 

254 

  



Appendices 

255 

Appendix 18. Survey Monkey Online Questionnnaire: 

Baseline, 4 and 16 Weeks 
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Appendix 19. Ethics Completion Report 

  



Relationships between sleep posture, waking spinal symptoms and sleep quality 

272 

 



Appendices 

273 

Appendix 20. Scoping Review: Excluded Studies 

Reasons for Exclusion of Studies from Scoping Review 
 

  Reasons for Exclusion 
 Author Non-

English 
Same 
data Unavailable Wrong 

design 
Wrong 

intervention 
Wrong 

outcomes 
1 (Aggarwal, Anand, Kishore, & 

Ingle, 2013) 
     X 

2 (Anonymous, 2011)    X   
3 (Aydin & Cüre, 2006) X      
4 (Beaumont & Paice, 1992)    X   
5 (Bernstein, 1975)    X   
6 (Boissonnault & Di Fabio, 1996)      X 
7 (Borenstein, 2000)    X   
8 (Chen et al., 2013b)      X 
9 (Chohan et al., 2013)      X 
10 (Courtial, 1970)    X   
11 (Desouzart, Filgueiras, et al., 

2014) 
     X 

12 (Desouzart et al., 2015)      X 
13 (Desouzart, Vilar, et al., 2014)      X 
14 (Deyo, 1993)    X   
15 (Dodick, 2006)    X   
16 (Dzhingarov, 2017)    X   
17 (Endel, 1987) X      
18 (Ernst, 1995)    X   
19 (Escolar-Reina et al., 2009)      X 
20 (Low, Chua, Lim, & Yeow, 

2017) 
     X 

21 (Fischer, 1998) X      
22 (Fossgreen, 1977) X      
23 (Garvin, Ing, Wu, & Hsu, 2014)    X   
24 (Gordon & Buettner, 2009)      X 
25 (Gordon et al., 2007b)  X     
26 (Gordon & Grimmer-Sommers, 

2011) 
     X 

27 (Gordon et al., 2002)      X 
28 (Jacobson et al., 2010)      X 
29 (Jenner & Barry, 1995)    X   
30 (Jenner & Barry, 1995)  X     
31 (Kubota et al., 2003)      X 
32 (Lang, 1999)    X   
33 (Lavin, Pappagallo, & 

Kuhlemeier, 1997) 
     X 

34 (Lee et al., 2016)     X  
35 (Lee & Ko, 2017)      X 
36 (Marin et al., 2006)      X 
37 (Matsuura, Yamao, Sugita, 

Aritomi, & Shirakawa, 2008) 
     X 

38 (Murayama et al., 2011)      X 
39 (O'Donoghue et al., 2009)      X 
40 (Park et al., 1999)      X 
41 (Ray & Tooms, 1992)      X 
42 (Ray & Tooms, 1992)  X     
43 (Shields, Capper, Polak, & 

Taylor, 2006) 
   X   

44 (Tetley, 2000)    X   
45 (Anonymous, 2007)   X    
46 (Verhaert, 2011)      X 
47 (Verhaert et al., 2013)      X 
48 (Verhaert, Haex, De Wilde, 

Berckmans, Verbraecken, et al., 
2011) 

     X 

49 (Weller, 1979) X      
50 (Yim, 2015)    X   
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Appendix 21. Scoping Review: Data Charting Form 

Title. Relationships between sleep posture and non-specific spinal symptoms in 
adults: A scoping review. 

Study Characteristics 

• Reference ID

• First author surname and year of publication.

• Country

• Country of origin in which study was completed.

• Study Design

Selection from one of the following study designs; 

Experimental 

• RCT: studies with features of randomisation, equal control and
intervention groups.

• Non-randomised trial: An experimental study in which people are
allocated to different interventions using methods that are not random.

• Crossover design: all participants receive the intervention, participants
act as own control, often after a wash out period between being control
and intervention.

• Pre-post-interventional: baseline measurements taken before
intervention period and again after intervention. May also have follow up
periods like 1 and 3 months.

Exploratory 

• Cohort study - a defined group of people (the cohort with waking spinal
symptoms) is followed over time, to examine associations between
different interventions (methods of changing sleep posture) received and
subsequent outcomes. A ‘prospective’ cohort study recruits participants
before any intervention and follows them into the future.

• Epidemiology - a study from a whole population, collecting range of
related data.

• Case controlled - a study that compares participants with waking spinal
symptoms with people from the same source population but without
waking spinal symptoms (‘controls’), to examine the association between
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the outcome and prior exposure (e.g. cross sectional: one time point - 
comparison of sleep postures or longitudinal: two or more time points - 
being educated about changing sleep posture). 

• Cross sectional – across a similar time frame, comparing a range of
outcomes.

• Case report - a participant with waking spinal symptoms is described,
may involve intervention.

• Case series - same as case report, but more than one person with waking
spinal symptoms is reported.

• Single subject case study - single subject evaluated with repeated &
regular measures over time (at least 4 per phase), with both baseline and
intervention phases.

Participants 

Population 

• From what group of people was the sample drawn.

Number of subjects 

• Total number of subjects actually included in the research.

Gender 

• Record the number of male and female or record as Not Stated.

Age 

• Record the age range and a measure of central tendency (mean or
median) and dispersion (standard deviation or interquartile range) if
defined by authors. If not defined, record the range and record as Not
Stated.

Study Methods: Posture 

Sleep Environment 

• Pick from the following; Domestic, Laboratory or Not Stated.

Sleep Postures Defined 

• The study defined all the postures measured. Can be a verbal description
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or a picture of each sleep posture. Answered as Yes or No. 

Were the three standard sleep postures used? 

• Where the standard sleep postures used, supine, prone and side lying.
Answer Yes or No.

Other Sleep Postures Used 

• If postures other than the three standard sleep posture were used, what
were the other sleep postures? Describe posture or NA (not applicable)

Number of Other Sleep Postures 

• In total, how many sleep postures were used including the standard
sleep postures. Please note that right and left of the same posture = 1
posture. Answer 1/2/3/4/5/6 or more.

Were outcome measures used for sleep posture 

• Yes, No.

Measurement Tool(s) for Sleep Posture 

Please select from the following as methods of assessing sleep posture; 

• Self-Report, Visual (camera, video, drawing), Bed sensor, Other or Not
Stated.

Number of Cameras 

• Number of cameras used to collect visual data for analysis. Answer 0/1/2
or 3.

Self-reported Limitations 

• Report limitations as discussed by the authors or Not Stated.

Recommendations 

• Recommendations as discussed by the authors (e.g., areas of future
research, sleeping postures to avoid, recruitment suggestions or Not
Stated).

Conclusions (a) 

• Can a conclusion regarding a relationship between sleeping posture and
waking symptoms be made from the data presented? Please write Y or
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N. 

Conclusions (b) 

• If the answer to Conclusions (a) is Y, what is the conclusion? Please
provide a qualitative statement. If the answer to Conclusions (a) was N
then write NA.

Study Methods: Symptoms 

Anatomical Area(s) Measured 

• What areas of the spine were assessed (can be one area, more than one
area or all the spine). Answer Cervical, Thoracic, Lumber, All Spine, Not
Stated. Also, Other which is for non-spinal areas.

Were outcome measure(s) used for spinal symptoms? 

• Y or N.

Type of Symptom Measured 

• Which symptoms were described (can be more than one)? Pain,
Stiffness, Bothersomeness or Other.

Measurement Tool for Symptoms 

• Please detail the name of the measurement tool used to measure
symptoms (e.g., VAS, NPRS, specific questionnaire or Not Stated).

Intervention Phase 

Was there an intervention? 

• Y or N.

If answer No here, then the rest of the questions in this section are answered NA 

What was the Intervention 

• Describe the intervention.

Intervention duration 

• Duration in weeks; 2/4/6 or Other.
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Number of Follow-ups 

The number of contacts between researchers and participants during the 
intervention phase, with the aim of reinforcing the intervention. Does not involve 
reassessment contact. 

• Answer 0/1/2/3/4 or Other.

Types of Follow-ups 

• List the types of follow up contact used between researcher and
participant. Choosing from Phone, Email, Text (SMS), Personal visit,
Other or NA.

Outcomes Reported after the Intervention Phase 

• Describe the effect of the intervention as Improved (statistically
significant), Same (non-significant change) or Not Stated.

Post-Intervention Phase 

Follow-up Phase 

• Was there a follow up period after the intervention phase? Answer Y or
N.

If No, the remainder of questions in this section are answered NA. 

Follow-up Duration 

• 4/8/12 or Other measured in weeks.

Number of Follow-ups 

• The number of contacts between researchers and participants during the
follow-up phase, with the aim of reinforcing the intervention. Answer
0/1/2/3/4 or Other.

Outcomes 

• Describe what the outcome was (e.g., a change in spinal posture was
related to a significant change/no change in symptom or change in sleep
quality).
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Appendix 22. Manuscript: Identifying relationships between 

sleep posture and nonspecific spinal symptoms in adults: A 

scoping review 
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Appendix 23. Abstract: Measurement of Sleep Posture in the 

Habitual Environment 



Relationships between sleep posture, waking spinal symptoms and sleep quality 

292 

 



Appendices 

293 

Appendix 24. Abstract: Do we know our Sleep Posture? 

Abstract Reference 086 

Cary D, Collinson R, Sterling M, Briffa K. 2014. Do we know our sleep posture and 
does sleep posture influence spinal symptoms? Sleep and Biological Rhythms 12 
(Supplement 1, pg 23) doi:10.1111/sbr.12082 

Question: Is there a difference between perceived and actual sleep postures? Is 
there a relationship between sleep posture and complaints of morning 
symptoms? 

Design: Cross sectional observational pilot study. Participants: Fifteen sleeping 
adults were filmed using infrared video techniques. Recordings were viewed to 
determine actual time spent in each of four postures; prone, supine, supported 
side lying and ¾ prone. 

Outcome measures: Participants completed a pre-sleep questionnaire in which 
they nominated the percentage of time they spent in each posture and the 
number of mornings per week they experienced pain and stiffness. 

Results: ICC (95% CI) were calculated, comparing actual and predicted sleep 
posture; supine = 0.824 (0.482,0.940), supported side lying 0.521 (−0.526,0.842), 
and ¾ prone 0.485 (−0.629,0.830) and prone ICC = 0.370, 95% CI = 
(−0.437,0.764). Combining ¾ prone and sup-ported side lying into one side lying 
group, resulted in 0.742 (0.230,0.914). The time spent in different sleeping 
postures (expressed as a percentage of the time spent asleep) did not differ 
significantly according the level of morning symptoms (ANOVA p>.43). However, 
raw data trends indicate participants with morning symptoms (neck, back or 
both) spent more time in prone and less in supine and those without morning 
symptoms spent less time in ¾ prone and more in supported side lying. 

Conclusion: Participants were able to reliably predict the percentage of the night 
they spent in supine but none of the other three sleeping postures. These data 
suggest that self-report may not be an adequate means of assessing whether 
sleep posture as an aggravating factor for morning pain and stiffness. In this 
small sample there was suggestion that sleeping in the prone and ¾ prone 
positions may be associated with waking with morning symptoms, however the 
associations were not significant and should be further examined in a larger 
sample. 
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Appendix 25. Copyright Permissions 
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