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Abstract

Introduction

Research with a focus on sleep posture has been conducted in association with sleep
pathologies such as insomnia and positional obstructive sleep apnoea. Research examining
the potential role sleep posture may have on waking spinal symptoms and quality of sleep is
however limited. The aims of this research were to compare sleep posture and sleep quality
in participants with and without waking spinal symptoms.

Methods

Fifty-three participants (36 female) were, based on symptoms, allocated to one of three
groups; Control (n= 20, 16 female), Cervical (n=13, 10 female) and Lumbar (n= 20, 10
female). Participants completed an online survey to collect general information and patient
reported outcomes and were videoed over two consecutive nights to determine sleep pos-
ture using a validated classification system including intermediate sleep postures.

Results

Participants in the symptomatic groups also reported a lower sleep quality than the Control
group. Compared to Control group participants, those in the Cervical group had more fre-
quent posture changes (mean (SD); 18.3(6.5) versus 23.6(6.6)), spent more time in undesir-
able/provocative sleep postures (median IQR; 83.8(16.4,105.2) versus 185.1(118.0,251.8))
minutes and had more long periods of immobility in a provocative posture, (median IQR: 0.5
(0.0,1.5) versus 2.0 (1.5,4.0)). There were no significant differences between the Control
and Lumbar groups in the number of posture changes (18.3(6.5) versus 22.9(9.1)) or the
time spent in provocative sleep postures (0.5(0.0,1.5) versus 1.5(1.5,3.4)) minutes.

Discussion

This is the first study using a validated objective measure of sleep posture to compare symp-
tomatic and Control group participants sleeping in their home environment. In general,
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participants with waking spinal symptoms spent more time in provocative sleep postures,
and experienced poorer sleep quality.

Introduction

Sleep is considered essential for human mental and physical recovery [1-3], with some people
going to bed in pain, to wake recovered. Nonetheless, a proportion of the population who are
asymptomatic when retiring wake with spinal symptoms and others with existing spinal symp-
toms wake with exacerbations of their retiring spinal symptoms [4-7].

Spinal symptoms are common and mostly occur in the cervical and lumbar regions, with a
one-year point prevalence of 30 to 50% for cervical pain [8] and 38% for lumbar pain [9]. The
prevalence of both cervical and lumbar pain has increased markedly (cervical 21.1% and lum-
bar 17.3%) over the past 25 years, and these rates are expected to continue rising [10]. 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 waking cervical [11-13] and lumbar symptoms [14]. It was determined in
young military recruits, that 33% had their 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 disrup-
tion to their sleep routine [4].

Anecdotal and theoretical evidence suggests that mechanical loads induced by some sleep
postures, like prone, may provoke spinal pain [6, 15]. Collagen containing tissues like liga-
ments, intervertebral discs and capsules, undergo predictable mechanical and viscoelastic
changes such as creep, hysteresis and fatigue failure in response to a single sustained load or to
repeated loads [16, 17]. Loads sustained for greater than 10 minutes and 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 [18]. Muscle spasms associated with sustained flexion or rotation spinal postures have
been reported in both human [19, 20] and animal studies [18]. It therefore seems plausible,
that sleep postures sustained for greater than 10 minutes or repeated, may cause micro damage
and result in spinal symptoms.

Sleep posture has also been associated with sleep quality. 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 [21, 22]. Therefore, factors like sleep posture that provokes
spinal pain, potentially causing increased total wake time, could impact on sleep quality. Poor
sleep quality is significantly associated with adverse health outcomes for adults [23, 24] and is
predictive of musculoskeletal pain in pre-adolescents, adolescents, young adults [25-28] and
adults without pain [24]. For this reason, it is important to identify any factor that potentially
could adversely affect an individual’s ability to maintain an asleep state.

The aims of this research were to determine whether there were differences in sleep posture
and sleep quality in participants with and without waking spinal symptoms.

Methods

This study was approved by the Curtin University Human Research Ethics Committee (HR
140/2014). Approval to share data beyond the investigators was not obtained. Written
informed consent was obtained from all participants. The study was registered with the
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Supine Supported Side lying Provocative Side lying Prone

Fig 1. Sleep posture classification based on plausible spinal load. Sustained postures like rotation, have been
identified as causing tissue microdamage and muscle spasms.

https://doi.org/10.1371/journal.pone.0260582.g001

Australian New Zealand Clinical Trials Registry on 4/07/2014 (ACTRN12614000708651). The
subject in Fig 1 has given written informed consent.

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. Volunteers were asked screening questions in a phone or face to face interview
to determine eligibility for the study. Volunteers who were younger than 18 years or older
than 46 years 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 [29]. 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 [30]. Those with co-existing medi-
cally diagnosed inflammatory conditions or unremitting pain (e.g., rheumatoid arthritis, neu-
ropathic 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 during sleep, but none were excluded for this reason. A total of 53 participants (36
female) with predominately morning symptoms of pain, stiffness or bothersomeness were
recruited over a period of 2.5 years. Using a process of best fit, eligible volunteers were allo-
cated to one of the three groups, Control (n = 20, 16 female), Cervical (n = 13, 10 female) and
Lumbar (n = 20, 10 female). Participants with spinal pain, stiffness or bothersomeness greater
than or equal to 3 out of 10 on a numerical rating scale (NRS) [31], that occurred four or more
times per month and decreased within 60 minutes of waking, were allocated into a symptom-
atic group (Cervical or Lumbar) dependent on their self-reported dominant area of symptoms.
Participants without symptoms, or with symptoms less frequently than four times per month,
or less than 3 out of 10, were allocated to the Control group. Each symptomatic group was
individually compared with the Control group.

Outcome measures

Due to the vanguard nature of this study, a broad range of pain, disability, sleep and quality of

life patient reported outcome measures were collected to facilitate better understanding of pos-
sible relationships between sleep posture and waking spinal symptoms. Participants in all three
groups were emailed a link to a Survey Monkey questionnaire, enabling the online completion
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of baseline information (e.g., age, gender, body mass index, medications, level of education,
and self-reported sleep posture) and patient reported outcome measures. Data for the follow-
ing patient reported outcome measures was collected.

Numerical rating scale. Numerical rating scales for waking pain, stiffness, bothersome-
ness and quality of sleep in the prior 2 weeks. Higher scores indicated increased symptoms for
pain, stiffness and bothersomeness, whereas a higher score indicated a better quality of sleep.

Neck Disability Index (NDI). A 10-item, self-reported questionnaire measuring cervical
disability. In a group of patients with non-specific neck pain, a minimal clinically important
difference of 3.5 points best distinguished those patients who were clinically improved from
those who were not [32].

Spine Functional Index (SFI). A 10-item, 2 weeks recall whole of spine functional mea-
sure, the SFI-10 demonstrated high criterion validity with the Functional Rating Index (r =
.87), equivalent internal consistency (o = .91) and a single-factor structure in patients with spi-
nal pain referred to physiotherapy clinics by medical practitioners [33, 34].

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.

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 [35]. Each item is scored on a 4-point Likert scale (0-3) gen-
erating anxiety and depression scores ranging from 0 to 21.

Short Form—36 (SF-36). The Short Form-36 is a well-validated measure of health status.
Version 2 (1 week recall) was used with Australian normative data [36, 37] to calculate two
summary scores (i.e., Physical Component and Mental Component Score). A higher score
indicates a better health status.

Insomnia Sleep 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 [38,
39]. Scale development included a heterogenous group of patients with insomnia secondary to
pain conditions [40].

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. 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 distinguish-
ing between good and poor sleepers. Higher scores indicate poorer sleep quality [41, 42].

Sleep posture. The classification of sleep posture into supine, supportive side lying, pro-
vocative side lying and prone (Fig 1), and the method used to collect sleep posture data has
been previously described [43]. The validity and reliability of this method has also been previ-
ously reported [44]. In brief, two IR cameras were installed in the participant’s bedroom on
portable stands. One camera was placed at the foot end of the bed, and the other centrally over
the bed. These IR cameras were cable-connected to a digital data recorder. A monitor was con-
nected to the data recorder to optimise camera viewing fields. Data collection automatically
commenced at 2000hrs and stopped at 0800hrs. Participants were encouraged to maintain
their normal sleeping routines.

After two consecutive nights video equipment was retrieved and recordings were reviewed.
Head, trunk and leg positions were noted and the overall sleep posture was recorded as supine,
supportive side lying, provocative side lying or prone. Each posture change was manually
recorded relative to the time stamp and rounded up to the next half minute. For example, 1 to
29 seconds became a half minute and 31 to 59 seconds became a full minute. To be recorded, a
posture needed to be sustained for at least 1 minute. Head movements from neutral to right or
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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 supported side lying or provocative side lying, this was recorded as a new posture, due to
the major change in body posture. Sustained posture intervals of 30 minutes or greater were
described as long periods of postural immobility Researchers have indicated that long periods
of postural immobility are an indication of sleep stability [45, 46]. Exploring the idea that some
sleep postures may be provocative of spinal symptoms, our study sought to not only measure
the frequency of long periods of postural immobility (these will be referred to as standard long
periods of postural immobility), but also the posture in which the long periods of postural
immobility occurred and the number of 30-minute periods for each long periods of postural
immobility (referred to as actual long periods of postural immobility). That is, a posture held
for 65 minutes would be recorded as one standard long period of postural immobility but two
(30-minute) actual long periods of postural immobility.

In addition to the collection of video data, participants completed a Morning After Ques-
tionnaire each morning after being videoed, to score pain, stiffness, bothersomeness and qual-
ity of sleep on a NRS in relation to the prior night.

Data
Sample size

A priori sample size calculations were based on data collected in a pilot study [43]. It was calcu-
lated a sample of 30 in each group (i.e., Control, Cervical, Lumbar) would have a power of
99%, assuming a two tailed p-value of .05 to detect a large effect (0.8). Further, a sample of 60
people with symptoms would have sufficient size to detect a minimal clinically important
change in pain of 1.5 points on a NRS assuming a standard deviation (SD) of 2 points, with a
power of 99% and a minimal clinically important change of 5 points on the SF36 summary
scales, assuming a SD of 10 points with a power of 96% following an intervention. The sample
sizes of 30 for each group were not achieved, rather final sample sizes for each group were
Control (20), Cervical (13) and Lumbar (20).

Data analysis

Questionnaires were scored according to published scoring algorithms or instructions pro-
vided by developers. Sleep data from Night 1 and Night 2 were averaged prior to further analy-
ses. Statistical analysis was performed using IBM™ SPSS™ v24.0. All data were checked for
outliers by visual inspection of boxplots or population pyramids. Outlying data points were
checked for data entry errors and measurement errors.

On initial review of raw video data and before data analysis commenced, outliers within
groups were identified. It became apparent, that while some participants were by definition
sleeping in provocative side lying (i.e., top thigh advanced forward of the bottom thigh, Fig 1),
because of the use of pillows and/or duvet to support the upper thigh, participants technically
did not induce spinal rotation or extension. For this reason, the provocative side lying sleep
postures of three participants were reclassified to supportive side lying. Genuinely unusual val-
ues were rare and retained in the analyses.

Descriptive statistics were presented as count and percentage, mean (M) and standard devi-
ation (SD) or median and interquartile range (IQR). 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, supportive side lying, provocative side lying and prone). For some analyses, pos-
tures were grouped into supportive (i.e., supine and supportive side lying) and provocative
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(i.e., provocative side lying and prone), based upon plausible spinal load. 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 not pos-
sible for most Control group variables, particularly patient reported outcome variables, as
most participants in this group reported low or no symptom levels. After outliers and normal-
ity assumptions were checked, homogeneity of variance was checked using the Levene statistic
for normally distributed data (p > .05 significant). Between group comparisons (Cervical ver-
sus Control and Lumbar versus Control) were undertaken using a one-way analysis of variance
(ANOVA) statistic (F), or for non-normally distributed data, a Mann-Whitney U test (U). A
chi-square test was used to compare categorical variables between groups. A p < .05 (two tailed
where appropriate) was considered significant for all analyses.

Results

Group characteristics

The age of participants ranged from 18 to 45 years, with the largest group of participants in the
41 to 45 years range. 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 signifi-
cant differences between groups in distribution of age, gender, education or BMI scores
(Table 1). Participants nominated the types of medications and supplements they were cur-
rently using. Approximately the same percentage in each group used none, one to two and
three or more medications or supplements. The types of medications and supplements used in
each group are detailed in Table 1.

Patient reported outcomes

Participants in the Cervical group had significantly worse pain, stiffness, and bothersomeness
on waking than the Control group (Table 2). They also recorded significantly poorer scores in
all of the patient reported outcome questionnaires except the SF-36 MS (Table 2).

Table 1. Sample characteristics of age, gender and medication use.

Control (n = 20) Cervical (n =13) Lumbar (n = 20) Total (n = 53)
Age
18-20 2 (4%) 0 (0%) 1 (%) 3 (6%)
21-25 3 (6%) 2 (4%) 4 (8%) 9 (17%)
26-30 2 (4%) 12%) 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%)
Gender
Male 4 (8%) 3 (6%) 10 (19%) 17 (32%)
Female 16 (30%) 10 (19%) 10 (19%) 36 (68%)
Type of Medication
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%)

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

https://doi.org/10.1371/journal.pone.0260582.t001
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Table 2. Comparisons between Control and symptomatic groups for waking symptoms in the prior 2 weeks and patient reported outcomes.

Variable Control (n = 20) Cervical (n = 13) Lumbar (n = 20)
Waking Symptoms in Prior 2 Weeks

Pain ® 0.0 (0.0, 1.0) 5.0 (3.5,6.0) ** Y 4.0 (3.0,5.0) ** Y
Stiffness ® 1.0 (0.0, 2.0) 5.0 (3.0, 6.0) ** Y 5.0 (3.2,6.8) *** Y
Bothersomeness ° 1.0 (0.0, 2.0) 6.0 (3.5,7.0) * Y 4.0 (3.0,6.0) *> Y
Patient Reported Outcomes

RMQ°® 0.0 (0.0, 0.0) N/A 2.0 (1.0, 5.0) * Y
Neck Disability Index 2.0 (0.0, 6.0) 18 (12.0,26.0) ** Y N/A

Spine Functional Index ® 98.0 (93.0, 100) 86.0 (68.0, 94.0) ** Y 80.0 (62.5,91.5) ** Y
SF-36 PS° 69.3 (62.9, 71.8) 58.6 (52.4,67.8) ** Y 59.9 (50.7, 68.8) * U
SF-36 MS° 83.5 (78.6, 86.4) 80.0 (63.8, 84.45) Y 77.2(68.9, 82.8) YV
HADS-Anxiety * 2.5 (2.3) 53(2.8)*F 6.4(4.8) " F
HADS-Depression 1.0 (0.0, 2.8) 3.0 (2.0,4.0) © Y 2.0 (0.2, 6.0) Y

Note. RMQ = Roland-Morris Disability Questionnaire, HADS = Hospital Anxiety and Depression Scale, SF-36 PS = Short Form 36 Physical Score, SF-36 MS = Short
Form 36 Mental Score

** p <.001 compared with Control group

* p < .05 compared with Control group

= ANOVA

Y = Mann-Whitney.

Data are

a Mean (Standard Deviation) or

b Median (Interquartile Range).

https://doi.org/10.1371/journal.pone.0260582.t002

Participants in the Lumbar group had significantly worse pain, stiffness, and bothersome-
ness on waking than the Control group (Table 2). They also recorded significantly poorer
scores in all of the patient reported outcome questionnaires except the HADS—Depression
(Table 2).

Comparison of sleep posture variables

Compared with the Control group, participants in the Cervical group spent a greater percent-
age of the night in provocative side lying and combined provocative sleep postures. When
time in each posture was expressed in absolute values (minutes), the Cervical group spent, on
average, twice as long in provocative side lying (Table 3). Participants in the Cervical group
changed their sleep postures more frequently than the Control group and spent more of their
long periods of postural immobility in provocative sleep postures (Table 3).

There was no statistically significant difference (p = .052) between the time participants in
the Lumbar group spent in provocative sleep postures compared with the Control group
(Table 3). Nor were there any statistically significant differences between the Lumbar and Con-
trol groups in postural immobility (p > .07) (Table 3).

Comparison of sleep quality variables

With respect to sleep quality, both symptom groups self-reported significantly lower sleep
quality than the Control group using the numerical rating scale (Table 3). Scores from the
Insomnia Sleep Index and Pittsburgh Sleep Quality Index also indicated poorer sleep quality
in both the Cervical and Lumbar groups (Table 3). For the Cervical group however, the aver-
age Insomnia Sleep Index score remained within the ‘no clinically significant insomnia’ band
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Table 3. Comparisons between the Control and Symptomatic groups in time spent in each posture, expressed as a
percentage of the total time in bed (percentage time) or in minutes (total time) and posture mobility.

Variable Control (n =20)
Percentage Time

Supine * 39.2(17.3)
Supportive side lying * 43.0 (17.7)

Provocative side lying 16.0 (2.2,22.4)
Prone ° 1.9 (0.0, 4.0)
82.2 (74.6, 96.0)
17.8 (4.0, 25.4)

Supportive Combined ®
Provocative Combined ®
Total Time (minutes)
Supine * 178.6 (75.9)

200.8 (91.6)
Provocative side lying ® 75.0 (10.2, 97.5)
Prone"® 8.8 (0.0, 17.0)

379.5 (326.2, 453.9)

83.8 (16.4, 105.2)

Supportive side lying *

Supportive Combined °
Provocative Combined ®

Posture Immobility (number)

Posture changes * 18.3 (6.5)
Standard LPPI® 5.0 (3.6, 6.4)
Actual LPPI ? 7.8 (2.4)
Supportive LPPI * 6.6 (2.7)
Provocative LPPI ® 0.5 (0.0, 1.5)
Sleep

Quality of sleep * (NRS) 6.5(2.1)
Insomnia Sleep Index b 3.0 (1.0, 4.0)
PSQI* 3.2 (1.6)
Notes

F= ANOVA

Y = Mann-Whitney

Cervical (n =13)

32.8(17.3) F
31.2(15.1) F

29.6 (12.7,48.8) = Y
6.4 (0.0,12.1) Y
64.0 (49.3, 75.5) * Y
36.0 (24.5, 50.6) ** YV

(
(

170.8 (85.1) F

158.1 (83.1) F

153.0 (63.7, 242.5) * Y
32.1(0.0,59.5) Y

328.9 (254.2, 396.2) Y
185.1(118.0, 251.8) ** Y

23.6 (6.6) * F
6.0 (5.5,6.5) Y
83(1.3)F
55(1.9)F
2.0(1.5,4.0)* Y
48(1.7)*F

6.0 (4.5,9.5) * Y
7.4 (4.1)*F

Lumbar (n = 20)

34.5(16.8)
38.8(16.1) F

23.0 (6.6,33.6) Y
3.9(0.0,5.3) Y
73.1 (63.6,92.0) Y
26.9 (8.0, 36.3) Y

164.0 (70.9) *
193.2(88.8) *

115.3 (34.6, 186.8) ¥
19.2 (0.0, 24.8) Y
357.2 (301.1, 447.6) ¥
134.6 (40.8, 199.0) ¥

229(9.1)F
6.0(1.5)F

8.5 (6.0, 9.9) Y
6.0(4.1,8.1)Y
1.5(1.5,3.4) Y

46(22) "
10.0 (5.2,11.8) ** Y
6.7 (3.1)*F

* p < .05 compared with Control; LPPI = Long periods of postural immobility; Standard LPPI = the number of times

one posture is maintained for >.30 minutes; Actual LPPI = the number of 30 minute periods postures are

maintained; PSQI = Pittsburgh Sleep Quality Index.
Data are
% Mean (Standard Deviation) or

® Median (Interquartile Range).

https://doi.org/10.1371/journal.pone.0260582.t1003

of scores whereas the Lumbar group, on average, would be classified as having ‘subthreshold
insomnia’. Both groups would be classified as ‘poor sleepers’ using the Pittsburgh Sleep Quality

Index classification.

Discussion

Volunteers for this study were allocated into one of two symptomatic groups (Cervical or
Lumbar) or a Control group based on the location, duration and intensity of their self-reported
symptoms. As would be expected with classification of this nature, the symptomatic groups

had greater morning symptom scores and decrements in the various patient reported out-

comes measured (summarised in Tables 1 and 2).
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The findings of the study are consistent with the theories posed prior to the study; that peo-
ple with spinal pain would spend more of the night in provocative sleep postures and would
have lower sleep quality than a Control group. Interpretation of these findings must be in the
context of the study design and limited sample size. Given the cross-sectional study design, it
is not possible to be sure whether any of the variables of interest are causal or whether their
presence is simply coincidental. Small studies are more vulnerable to Type II errors than larger
studies.

The participants with morning symptoms of neck pain or stiffness slept differently to those
without morning symptoms. In comparison with the Control group, participants in the Cervi-
cal group spent significantly more time in provocative sleep postures. These results are similar
to an epidemiological study examining waking cervical symptoms and sleep posture [6]. In
that study, participants who reported prone as their dominant sleep posture also reported the
highest percentage of waking cervical symptoms. An interesting consideration is whether it is
the amount of time or the percentage of time spent in provocative sleep postures that is more
likely to provoke symptoms. With regards to the Cervical group, we found both the percentage
time and the total time spent in provocative postures was greater than the Control group. A
study conducted on feline spines points towards the amount of time as being important and
once this threshold is passed, recovery of tissue takes proportionally much longer [47].

We examined the frequency of posture shifts from the stand point of plausible tissue load.
One possible reason to change posture more frequently would be to offload pain sensitive
structures more likely to be aggravated by sleep postures such as prone and provocative side
lying. Spinal and capsular ligaments are highly innervated [48] and have been shown to pro-
duce pro-inflammatory cytokines following sustained or repeated loading in feline studies
[18]. Pain free adults of mixed age and gender have been noted to change posture approxi-
mately 12 to 20 times per night [49-51]. This frequency of posture shifts is reported to double
in those describing themselves as poor sleepers [22]. In comparison to our Control group, the
Cervical group did experience a significantly higher frequency of posture shifts.

We did not find any differences in Actual or Standard long periods of postural immobility
between the Control and Symptomatic groups using the common long period of postural
immobility definition of a 30-minute interval. Given other researchers have noted that spinal
tissue creep occurs within 10 minutes [19, 20], to be more sensitive with respect to plausible
spinal tissue loading, perhaps the concept of a long period of postural immobility needs to be
modified to a shorter time-period. To our knowledge, we are the first group to examine the rel-
evance of long periods of postural immobility in relation to provocative and supportive sleep
postures. In comparison to participants in the Control group, participants in the Cervical
group spent more long periods of postural immobility in provocative sleep postures. This
result runs contrary to the theory that long periods of postural immobility are postures of com-
fort and therefore sustained for longer periods of time. It is however consistent with our the-
ory, that sustained sleeping in provocative postures could cause waking spinal symptoms.
Rather than reflecting postures of comfort, it may be that postures adopted for long periods
are postures of habit. These postures may be amenable to educational interventions like pos-
ture retraining [52, 53].

Participants in the Lumbar group spent three times as long as those in the Control group in
provocative postures, but results were not statistically significant. Visual examination of the
data in Table 3 reveals that values for the Lumbar group consistently fell between those for the
Control and Cervical groups, never reaching statistical significance. It is possible that we did
not have sufficient statistical power to identify a difference between the Control and Lumbar
groups causing a Type II error. It is also possible that, as a result of our recruitment criteria,
the differences between our Control and Lumbar groups were reduced. For example, at
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enrolment, 45% of participants in the Control group nominated having some low back pain in
the prior 2 weeks, however their level of reported pain was insufficient to meet the criteria for
allocation into the Lumbar group.

In this study, sleep quality was measured in three ways; numerical rating scale for sleep
quality over the prior 2 weeks, the Pittsburgh Sleep Quality Index and the Insomnia Sleep
Index. The latter measures are commonly used in the sleep literature and quantify different
aspects of sleep quality. Good quality sleep has been associated with a side lying sleep posture
[6]. However, given the wide variety of side lying sleep postures, it is likely that some side lying
postures may place adverse loads on spinal tissues and not be conducive to good quality sleep.

The relationship between sleep quality and pain has historically been considered bidirec-
tional. More recent research points to sleep quality as being the antecedent factor [54] and in
the insomnia research literature, poor sleep quality is considered predictive of new pain onsets
and exacerbation of existing pain [55, 56]. If sleep posture influences sleep quality, then opti-
mising sleep posture could potentially reduce spinal pain via two separate mechanisms. Firstly,
by reducing collagenous spinal tissue load and injury associated with creep, and secondly, by
improving sleep quality.

Neck and low back pain are global health problems and the challenge to identify risk factors
has been highlighted [57, 58]. Determining modifiable risk factors could assist in the identification
of individuals predisposed to spinal symptoms and assist in the development of appropriate edu-
cation and prevention strategies. In a recent systematic review examining risk factors for first epi-
sode neck pain, the most significant physical risk factor was an awkward, sustained posture [57].
When examining trigger events (i.e., brief exposures) that precipitate acute low back pain, symp-
tom onset was most common in the morning [59]. The timing implicates sleep posture as a possi-
ble factor and passive collagenous restraints, (e.g., IVD, ligament, joint capsule) as being the
tissues most likely affected [60]. Sleep posture was not explored in either study. Further, the lack
of research focus on spinal symptoms associated with sleep posture was highlighted in a recent
scoping review, in which only four studies were found to address these topics [61].

Conclusion

Currently, it is not known if sleep posture is a risk factor for acute onset or recurrent spinal
symptoms, but this study has demonstrated that participants with symptoms of cervical pain
and stiffness in the morning spent more of the night in provocative sleep postures. It is plausi-
ble that a similar association exists for people with symptoms in the low back, however this
was not confirmed in this study. Both symptomatic groups had poorer sleep quality. Future
exploration of the effects of provocative sleep posture and potential benefits of sleep posture
education and modification seem justified.

Author Contributions

Conceptualization: Doug Cary.

Formal analysis: Doug Cary, Angela Jacques, Kathy Briffa.
Investigation: Doug Cary.

Methodology: Doug Cary.

Supervision: Kathy Briffa.

Writing - original draft: Doug Cary.

Writing - review & editing: Doug Cary, Kathy Briffa.

PLOS ONE | https://doi.org/10.1371/journal.pone.0260582 November 30, 2021 10/13


https://doi.org/10.1371/journal.pone.0260582

PLOS ONE

Relationships between sleep posture, waking spinal symptoms and quality of sleep: A cross sectional study

References

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21,

22,

23.

Cabot S, Beckham N. Tired of not Sleeping? Camden: WHAS Pty Ltd; 2005.
Helmanis L. Sleep Better Naturally. London: Carlton Books; 2006.

Xie L, Kang H, Xu Q, Chen M, Liao Y, Thiyagarajan M, et al. Sleep drives metabolite clearance from the
adult brain. Science. 2013; 342(6156):373-7. https://doi.org/10.1126/science.1241224 PMID:
24136970

Desouzart G, Vilar E, Melo F, Matos R, editors. Human bed interaction: A methodology and tool to mea-
sure postural behavior during sleep of the air force military. 3rd International Conference on Design,
User Experience, and Usability; 2014 June; Heraklion, Greece.

Goldman S. Nocturnal neuropathic pain in diabetic patients may be caused by spinal stenosis. Diabetic
Medicine. 2005; 22:1763-5. https://doi.org/10.1111/j.1464-5491.2005.01746.x PMID: 16401326

Gordon S, Grimmer K, Trott P. Sleep position, age, gender, sleep quality and waking cervico-thoracic
symptoms. Internet Journal of Allied Health Sciences and Practice. 2007; 5.

Kraemer J. Intervertebral disk diseases: Causes, diagnosis, treatment and prophylaxis. 3 ed. New
York: Thieme Medical Publishers; 2011.

Hogg-Johnson S, van der Velde G, Carroll L, Holm L, Cassidy J, Guzman J, et al. The burden and deter-
minants of neck pain in the general population. European Spine Journal. 2008; 17:39-51. https://doi.
org/10.1097/BRS.0b013e31816454c8 PMID: 18204398

Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, et al. A systematic review of the global preva-
lence of low back pain. Arthritis & Rheumatism. 2012; 64(6):2028-37.

Hurwitz E, Randhawa K, Yu H, C6té P, Haldeman S. The Global Spine Care Initiative: A summary of
the global burden of low back and neck pain studies. European Spine Journal. 2018:1-6. https://doi.org/
10.1007/s00586-017-5432-9 PMID: 29480409

Gordon S, Trott P, Grimmer K. Waking cervical pain and stiffness, headache, scapular or arm pain:
Gender and age effects. Australian Journal of Physiotherapy 2002; 48. https://doi.org/10.1016/s0004-
9514(14)60277-4 PMID: 11869160

Gordon S, Grimmer-Somers K, Trott P. Pillow use: The behavior of cervical stiffness, headache and
scapular/arm pain. Journal of pain research. 2010; 3:137-45. https://doi.org/10.2147/jpr.s10880 PMID:
21197317

Lee J, ShinJ, Yoo H, Lee J, Lee Y, Kim M, et al. Short-term effects of a functional cervical pillow on inpa-
tients with neck discomfort: A randomized controlled trial. Int J Clin Exp Med. 2016; 9(6):11397—408.

Gracovetsky S. The resting spine: A conceptual approach to the avoidance of spinal reinjury during
rest. Physical Therapy. 1987; 67:549-53. https://doi.org/10.1093/ptj/67.4.549 PMID: 2951749

Desouzart G, Matos R, Melo F, Filgueiras E. Effects of sleeping position on back pain in physically
active seniors: A controlled pilot study. Work: A Journal of Prevention, Assessment & Rehabilitation.
2016; 53:23540.

Adams M, Bogduk N, Burton K, Dolan P. The biomechanics of back pain. 2 ed. Edinburgh: Churchill
Livingstone; 2006.

PitchingNow. Stress strain curve. PitchingNow; 2014.

Solomonow M. Neuromuscular manifestations of viscoelastic tissue degradation following high and low
risk repetitive lumbar flexion. Journal of Electromyography and Kinesiology. 2012; 22:155-75. https://
doi.org/10.1016/j.jelekin.2011.11.008 PMID: 22154465

Shan X, Ning X, Chen Z, Ding M, Shi W, Yang S. Low back pain development response to sustained
trunk axial twisting. European Spine Journal. 2013; 22:1972-8. https://doi.org/10.1007/s00586-013-
2784-7 PMID: 23612900

Solomonow M, Baratta R, Banks A, Freudenberger C, Zhou B. Flexion relaxation response to static
lumbar flexion in males and females. Clinical Biomechanics. 2003; 18:273-9. https://doi.org/10.1016/
s50268-0033(03)00024-x PMID: 12689776

Akerstedt T, Gillberg M. Subjective and objective sleepiness in the active individual. International Jour-
nal of Neuroscience. 1990; 52(1-2):29-37. https://doi.org/10.3109/00207459008994241 PMID:
2265922

De Koninck J, Gagnon P, Lallier S. Sleep positions in the young adult and their relationship with the sub-
jective quality of sleep. Sleep. 1983; 6(1):52-9. https://doi.org/10.1093/sleep/6.1.52 PMID: 6844798

Meerlo P, Sgoifo A, Suchecki D. Restricted and disrupted sleep: Effects on autonomic function, neuro-
endocrine stress systems and stress responsivity. Sleep Medicine Reviews. 2008; 12(3):197-210.
https://doi.org/10.1016/j.smrv.2007.07.007 PMID: 18222099

PLOS ONE | https://doi.org/10.1371/journal.pone.0260582 November 30, 2021 11/13


https://doi.org/10.1126/science.1241224
http://www.ncbi.nlm.nih.gov/pubmed/24136970
https://doi.org/10.1111/j.1464-5491.2005.01746.x
http://www.ncbi.nlm.nih.gov/pubmed/16401326
https://doi.org/10.1097/BRS.0b013e31816454c8
https://doi.org/10.1097/BRS.0b013e31816454c8
http://www.ncbi.nlm.nih.gov/pubmed/18204398
https://doi.org/10.1007/s00586-017-5432-9
https://doi.org/10.1007/s00586-017-5432-9
http://www.ncbi.nlm.nih.gov/pubmed/29480409
https://doi.org/10.1016/s0004-9514%2814%2960277-4
https://doi.org/10.1016/s0004-9514%2814%2960277-4
http://www.ncbi.nlm.nih.gov/pubmed/11869160
https://doi.org/10.2147/jpr.s10880
http://www.ncbi.nlm.nih.gov/pubmed/21197317
https://doi.org/10.1093/ptj/67.4.549
http://www.ncbi.nlm.nih.gov/pubmed/2951749
https://doi.org/10.1016/j.jelekin.2011.11.008
https://doi.org/10.1016/j.jelekin.2011.11.008
http://www.ncbi.nlm.nih.gov/pubmed/22154465
https://doi.org/10.1007/s00586-013-2784-7
https://doi.org/10.1007/s00586-013-2784-7
http://www.ncbi.nlm.nih.gov/pubmed/23612900
https://doi.org/10.1016/s0268-0033%2803%2900024-x
https://doi.org/10.1016/s0268-0033%2803%2900024-x
http://www.ncbi.nlm.nih.gov/pubmed/12689776
https://doi.org/10.3109/00207459008994241
http://www.ncbi.nlm.nih.gov/pubmed/2265922
https://doi.org/10.1093/sleep/6.1.52
http://www.ncbi.nlm.nih.gov/pubmed/6844798
https://doi.org/10.1016/j.smrv.2007.07.007
http://www.ncbi.nlm.nih.gov/pubmed/18222099
https://doi.org/10.1371/journal.pone.0260582

PLOS ONE

Relationships between sleep posture, waking spinal symptoms and quality of sleep: A cross sectional study

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Nitter A, Pripp A, Forseth K. Are sleep problems and non-specific health complaints risk factors for
chronic pain? A prospective population-based study with 17 year follow-up. Scandinavian Journal of
Pain. 2012; 3(4):210-7. https://doi.org/10.1016/j.sjpain.2012.04.001 PMID: 29913872

Auvinen J, Tammelin T, Taimela S, Zitting P, Jarvelin M, Taanila A, et al. Is insufficient quantity and
quality of sleep a risk factor for neck, shoulder and low back pain? A longitudinal study among adoles-
cents. European Spine Journal. 2010; 19(4):641-9. https://doi.org/10.1007/s00586-009-1215-2 PMID:
19936804

El-Metwally A, Salminen J, Auvinen A, Kautiainen H, Mikkelsson M. Prognosis of non-specific musculo-
skeletal pain in preadolescents: A prospective 4-year follow-up study till adolescence. Pain. 2004; 110
(3):550-9. https://doi.org/10.1016/j.pain.2004.03.021 PMID: 15288395

Harrison L, Wilson S, Munafo M. Exploring the associations between sleep problems and chronic mus-
culoskeletal pain in adolescents: A prospective cohort study. Pain Research and Management. 2014;
19(5):e139—e45. https://doi.org/10.1155/2014/615203 PMID: 25299477

Millman R. Excessive sleepiness in adolescents and young adults: Causes, consequences, and treat-
ment strategies. Pediatrics. 2005; 115(6):1774—-86. https://doi.org/10.1542/peds.2005-0772 PMID:
15930245

Gore D. Roentgenographic findings in the cervical spine in asymptomatic persons: A ten-year follow-up.
Spine. 2001; 26:2463-6. https://doi.org/10.1097/00007632-200111150-00013 PMID: 11707711

Gordon S, Buettner P. Age and lateral sleep position: A pilot study. Internet Journal of Allied Health Sci-
ences and Practice. 2009; 7:1-5.

Yang H, Haldeman S. Behavior-related factors associated with low back pain in the US adult population.
Spine. 2016(1528—1159 (Electronic)).

Pool J, Ostelo R, Hoving J, Bouter L, de Vet H. Minimal clinically important change of the Neck Disability
Index and the Numerical Rating Scale for patients with neck pain. Spine. 2007; 32(26):3047-51. https:/
doi.org/10.1097/BRS.0b013e31815c¢f75b PMID: 18091500

Feise R, Menke M. Functional Rating Index: Literature review. Medical Science Monitor. 2010; 16(2):
RA25-36. PMID: 20110929

Gabel C, Melloh M, Burkett B, Michener L. The Spine Functional Index (SFl): Development and clini-
metric validation of a new whole spine functional outcome measure. The Spine Journal. 2013. https://
doi.org/10.1016/j.spinee.2013.09.055 PMID: 24370272

Zigmond A, Snaith R. The Hospital Anxiety and Depression Scale. Acta Psychiatrica Scandinavica.
1983; 67(6):361-70. https://doi.org/10.1111/1.1600-0447.1983.tb09716.x PMID: 6880820

Marin T, Taylor A, Gill T. A population profile of auality of life in South Australia: Population norms for
2008 using the SF36 version 2. In: Unit PRaOS, editor. Adelaide: South Australian Department of
Health; 2009.

Ware J, Sherbourne C. The MOS 36-item short-form health survey (SF-36). Conceptual framework and
item selection. Medical Care 1992; 30:473-83. PMID: 1593914

Bastien C, Vallieres A, Morin C. Validation of the Insomnia Severity Index as an outcome measure for
insomnia research. Sleep Medicine. 2001; 2:297-307. https://doi.org/10.1016/s1389-9457(00)00065-4
PMID: 11438246

Morin C, Belleville G, Belanger L, lvers H. The Insomnia Severity Index: Psychometric indicators to
detect insomnia cases and evaluate treatment response. Sleep. 2011; 34(5):601-8. https://doi.org/10.
1093/sleep/34.5.601 PMID: 21532953

Smith M, Perlis M, Smith M, Giles D, Carmody T. Sleep quality and presleep arousal in chronic pain.
Journal of Behavioral Medicine. 2000; 23(1):1-13. https://doi.org/10.1023/a:1005444719169 PMID:
10749008

Broderick J, Junghaenel D, Schneider S, Pilosi J, Stone A. Pittsburgh and Epworth sleep scale items:
Accuracy of ratings across different reporting periods. Behavioral Sleep Medicine. 2012; 11(3):173-88.
https://doi.org/10.1080/15402002.2012.654549 PMID: 23205491

Buysse D, Reynolds I, Monk T, Berman S, Kupfer D. The Pittsburgh Sleep Quality Index: A new instru-
ment for psychiatric practice and research. Psychiatry Research. 1989; 28:193-213. https://doi.org/10.
1016/0165-1781(89)90047-4 PMID: 2748771

Cary D, Collinson R, Sterling M, Briffa K. Examining the relationship between sleep posture and morn-
ing spinal symptoms in the habitual environment using infrared cameras. Journal of Sleep Disorders:
Treatment and Care. 2016; 5.

Cary D, Stirling M, Collison R, Briffa K. Examining the reliability and validity of a portable sleep posture
assessment protocol, using infrared cameras, under a variety of light and bed cover situations in the
home environment. Work: A Journal of Prevention, Assessment & Rehabilitation. 2019; 63(2).

PLOS ONE | https://doi.org/10.1371/journal.pone.0260582 November 30, 2021 12/13


https://doi.org/10.1016/j.sjpain.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/29913872
https://doi.org/10.1007/s00586-009-1215-2
http://www.ncbi.nlm.nih.gov/pubmed/19936804
https://doi.org/10.1016/j.pain.2004.03.021
http://www.ncbi.nlm.nih.gov/pubmed/15288395
https://doi.org/10.1155/2014/615203
http://www.ncbi.nlm.nih.gov/pubmed/25299477
https://doi.org/10.1542/peds.2005-0772
http://www.ncbi.nlm.nih.gov/pubmed/15930245
https://doi.org/10.1097/00007632-200111150-00013
http://www.ncbi.nlm.nih.gov/pubmed/11707711
https://doi.org/10.1097/BRS.0b013e31815cf75b
https://doi.org/10.1097/BRS.0b013e31815cf75b
http://www.ncbi.nlm.nih.gov/pubmed/18091500
http://www.ncbi.nlm.nih.gov/pubmed/20110929
https://doi.org/10.1016/j.spinee.2013.09.055
https://doi.org/10.1016/j.spinee.2013.09.055
http://www.ncbi.nlm.nih.gov/pubmed/24370272
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://www.ncbi.nlm.nih.gov/pubmed/6880820
http://www.ncbi.nlm.nih.gov/pubmed/1593914
https://doi.org/10.1016/s1389-9457%2800%2900065-4
http://www.ncbi.nlm.nih.gov/pubmed/11438246
https://doi.org/10.1093/sleep/34.5.601
https://doi.org/10.1093/sleep/34.5.601
http://www.ncbi.nlm.nih.gov/pubmed/21532953
https://doi.org/10.1023/a%3A1005444719169
http://www.ncbi.nlm.nih.gov/pubmed/10749008
https://doi.org/10.1080/15402002.2012.654549
http://www.ncbi.nlm.nih.gov/pubmed/23205491
https://doi.org/10.1016/0165-1781%2889%2990047-4
https://doi.org/10.1016/0165-1781%2889%2990047-4
http://www.ncbi.nlm.nih.gov/pubmed/2748771
https://doi.org/10.1371/journal.pone.0260582

PLOS ONE

Relationships between sleep posture, waking spinal symptoms and quality of sleep: A cross sectional study

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

De Koninck J, Lorrain D, Gagnon P. Sleep positions and position shifts in five age groups: An ontoge-
netic picture. Sleep. 1992; 15:143-9. https://doi.org/10.1093/sleep/15.2.143 PMID: 1579788

Lorrain D, De Koninck J. Sleep position and sleep stages: Evidence of their independence. Sleep.
1998; 21(4):335—40. https://doi.org/10.1093/sleep/21.4.335 PMID: 9646377

Solomonow M, Zhou B, Baratta R, Burger E. Biomechanics and electromyography of a cumulative lum-
bar disorder: Response to static flexion. Clinical Biomechanics. 2003; 18:890-8. https://doi.org/10.
1016/s0268-0033(03)00173-6 PMID: 14580832

Yamashita T, Cavanaugh J, EI-Bohy A, Getchell T, King A. Mechanosensitive afferent units in the lum-
bar facet joint. The Journal of Bone and Joint Surgery (Am). 1990; 72(6):865—70. PMID: 2365719

Bader G, Engdal S. The influence of bed firmness on sleep quality. Applied Ergonomics. 2000; 31
(5):487-97. https://doi.org/10.1016/s0003-6870(00)00013-2 PMID: 11059462

ChenY, GuoY, ShenL, Liu S, editors. The quantitative effects of mattress and sleep postures on sleep
quality. International Asia Conference on Industrial Engineering and Management Innovation; 2013;
Berlin Heidelberg: Springer-Verlag.

Skarpsno E, Mork P, Nilsen T, Holtermann A. Sleep positions and nocturnal body movements based on
free-living accelerometer recordings: Association with demographics, lifestyle, and insomnia symptoms.
Nature and Science of Sleep. 2017; 9:267-75. https://doi.org/10.2147/NSS.S145777 PMID: 29138608

Cartwright R, Ristanovic R, Diaz F, Caldarelli D, Alder G. A comparative study of treatments for posi-
tional sleep apnea. Sleep. 1991; 14(6):546-52. https://doi.org/10.1093/sleep/14.6.546 PMID: 1798889

Murayama R, Kubota T, Kogure T, Aoki K. The effects of instruction regarding sleep posture on the pos-
tural changes and sleep quality among middle-aged and elderly men: A preliminary study. Bioscience
Trends. 2011; 5(3):111-9. https://doi.org/10.5582/bst.2011.v5.3.111 PMID: 21788696

Finan P, Goodin B, Smith M. The association of sleep and pain: An update and a path forward. The
Journal of Pain. 2013; 14(12):1539-52. https://doi.org/10.1016/j.jpain.2013.08.007 PMID: 24290442

Onen S, Alloui A, Gross A, Eschallier A, Dubray C. The effects of total sleep deprivation, selective sleep
interruption and sleep recovery on pain tolerance thresholds in healthy subjects. Journal of sleep
research. 2001; 10(1):35-42. https://doi.org/10.1046/j.1365-2869.2001.00240.x PMID: 11285053

Sivertsen B, Lallukka T, Salo P, Pallesen S, Hysing M, Krokstad S, et al. Insomnia as a risk factor forill
health: Results from the large population-based prospective HUNT Study in Norway. Journal of Sleep
Research. 2014; 23(2):124-32. https://doi.org/10.1111/jsr.12102 PMID: 24635564

Kim R, Wiest C, Clark K, Cook C, Horn M. Identifying risk factors for first-episode neck pain: A system-
atic review. Musculoskeletal Science and Practice. 2018; 33:77-83. https://doi.org/10.1016/j.msksp.
2017.11.007 PMID: 29197234

Hoy D, Brooks P, Blyth F, Buchbinder R. The epidemiology of low back pain. Best Practice & Research
Clinical Rheumatology. 2010; 24(6):769-81.

Steffens D, Ferreira M, Latimer J, Ferreira P, Koes B, Blyth F, et al. What triggers an episode of acute
low back pain? A case—crossover study. Arthritis Care & Research. 2015; 67(3):403-10.

Choi B, Levitsky M, Lloyd R, Stones M. Patterns and risk factors for sprains and strains in Ontario, Can-
ada 1990: An analysis of the workplace health and safety agency data base. Journal of Occupational
and Environmental Medicine. 1996; 38(4):379-89. https://doi.org/10.1097/00043764-199604000-
00016 PMID: 8925322

Cary D, Briffa K, McKenna L. Relationships between sleep posture and non-specific spinal symptoms in
adults: A scoping review. BMJ Open. 2019; 9(6). https://doi.org/10.1136/bmjopen-2018-027633 PMID:
31256029

PLOS ONE | https://doi.org/10.1371/journal.pone.0260582 November 30, 2021 13/13


https://doi.org/10.1093/sleep/15.2.143
http://www.ncbi.nlm.nih.gov/pubmed/1579788
https://doi.org/10.1093/sleep/21.4.335
http://www.ncbi.nlm.nih.gov/pubmed/9646377
https://doi.org/10.1016/s0268-0033%2803%2900173-6
https://doi.org/10.1016/s0268-0033%2803%2900173-6
http://www.ncbi.nlm.nih.gov/pubmed/14580832
http://www.ncbi.nlm.nih.gov/pubmed/2365719
https://doi.org/10.1016/s0003-6870%2800%2900013-2
http://www.ncbi.nlm.nih.gov/pubmed/11059462
https://doi.org/10.2147/NSS.S145777
http://www.ncbi.nlm.nih.gov/pubmed/29138608
https://doi.org/10.1093/sleep/14.6.546
http://www.ncbi.nlm.nih.gov/pubmed/1798889
https://doi.org/10.5582/bst.2011.v5.3.111
http://www.ncbi.nlm.nih.gov/pubmed/21788696
https://doi.org/10.1016/j.jpain.2013.08.007
http://www.ncbi.nlm.nih.gov/pubmed/24290442
https://doi.org/10.1046/j.1365-2869.2001.00240.x
http://www.ncbi.nlm.nih.gov/pubmed/11285053
https://doi.org/10.1111/jsr.12102
http://www.ncbi.nlm.nih.gov/pubmed/24635564
https://doi.org/10.1016/j.msksp.2017.11.007
https://doi.org/10.1016/j.msksp.2017.11.007
http://www.ncbi.nlm.nih.gov/pubmed/29197234
https://doi.org/10.1097/00043764-199604000-00016
https://doi.org/10.1097/00043764-199604000-00016
http://www.ncbi.nlm.nih.gov/pubmed/8925322
https://doi.org/10.1136/bmjopen-2018-027633
http://www.ncbi.nlm.nih.gov/pubmed/31256029
https://doi.org/10.1371/journal.pone.0260582

