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Abstract
Objectives The objectives of this scoping review were to
identify (1) study designs and participant populations, (2)
types of specific methodology and (3) common results,
conclusions and recommendations from the body of
evidence regarding our research question; is there a
relationship between sleep posture and spinal symptoms.
Design Scoping review.
Data sources PEDro, Embase, Cumulative Index to
Nursing and Allied Health Literature, Cochrane Library,
Medline, ProQuest, PsycINFO, SportDISCUS and grey
literature from inception to 10 April 2018.
Data selection Using a modified Arksey and O’Malley
framework, all English language studies in humans that
met eligibility criteria using key search terms associated
with sleep posture and spinal symptoms were included.
Data extraction Data were independently extracted by
two reviewers and mapped to describe the current state
of the literature. Articles meeting the search criteria were
critically appraised using the Downs and Black checklist.
Results From 4186 articles, four articles were
identified, of which three were epidemiological and one
interventional. All studies examined three or more sleep
postures, all measured sleep posture using self-report
and one study also used infrared cameras. Two studies
examined symptoms arising from the lumbar spine, one
the cervical spine and one the whole spine. Waking pain
and stiffness were the most common symptoms explored
and side lying was generally protective against spinal
symptoms.
Conclusions This scoping review highlights the
importance of evaluating sleep posture with respect
to waking symptoms and has provided preliminary
information regarding relationships between sleep posture
and spinal symptoms. However, there were not enough
high-quality studies to adequately answer our research
question. It is recommended future research consider
group sizes and population characteristics to achieve
research goals, that a validated measure be used to
assess sleep posture, that characteristics and location of
spinal symptoms are clearly defined and that the side lying
posture is subclassified.

Introduction
Cervical and lumbar symptoms like pain are
the leading cause of musculoskeletal disability
in most countries and most age groups.1 Of
those who report cervical and lumbar pain,

Strengths and limitations of this study
►► This is the first scoping review collating and syn-

thesising the available literature on sleeping posture
and non-specific spinal symptoms.
►► A critical appraisal of evidence assessment was undertaken for each included study.
►► The lack of studies and small group sizes prevented
firm recommendations regarding all sleep postures.

the proportion is higher in females for both
cervical (59%)2 and lumbar (52%) pain.3
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.1 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 cause of years lived
with disability between the ages of 20 and 79
years.1 4 5 Research indicates that remissions in
symptoms are temporary rather than permanent6 7 and cervical and lumbar pain becomes
chronic in 25%–60% of cases.8 Other types of
symptoms like stiffness and bothersomeness,
still important to patients, are less well investigated.9 10 Identification of modifiable risk
factors contributing to the onset and chronicity of cervical and lumbar pain and other
symptoms is critical11 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, while others with existing spinal
symptoms, wake with exacerbations of their
symptoms.12 13 For example, in young air
force personnel, 33% experienced their most
intense spinal pain during the evening and
on first waking.12 It has been postulated that
poor sleep posture may be a factor in the
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Methods
Search framework
This scoping review was developed using the methodological framework proposed by previous authors,31 further
refined by other independent authors and institutes32–34
and reported in line with key Preferred Reporting Items
for Systematic Reviews and Meta-Analyses for scoping
reviews (PRISMA) guidelines.35
Research question
Following an individual review of the literature and a
group meeting, authors' consensus was reached to determine the following research question; is there a relationship between sleep posture and spinal symptoms?
Aim and objectives
The aim of this scoping review was to gain a clear understanding of the current knowledge base in relation to the
2

identified research question. To achieve this aim, an iterative process involving electronic meetings and communication between authors was used to determine the
following research objectives:
►► Identify what study designs and participant populations have been studied to answer the research
question.
►► Identify the types of specific methodology used in the
body of evidence to address the research question.
►► Identify common results, conclusions and recommendations from the body of evidence regarding the
research question.
Eligibility criteria
Eligibility criteria were based on 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,36 as a reference for data charting
reviewers.
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 (eg, before and after an
intervention) or had no comparator (eg, epidemiological) were included. Articles needed to use a subjective
or objective measure for symptoms and sleeping posture.
Exclusion criteria
Articles were excluded if they involved animals, cadavers or
included participants diagnosed with sleep apnoea, spinal
stenosis, migraine, red flag pathologies (eg, neoplasm,
inflammatory conditions, fractures or infections); participants with pain of known non-spinal origin (eg, kidney
disease, postoperative pain, temporomandibular joint,
shoulder pain); participants with neurological conditions
(eg, multiple sclerosis, cerebrovascular accident); or
participants who were unable to move freely in bed (eg,
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 (eg, spinal injection and
sleeping posture) or if they compared sleep systems (eg,
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.
Cary D, et al. BMJ Open 2019;9:e027633. doi:10.1136/bmjopen-2018-027633
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development of both waking cervical14–16 and lumbar
symptoms.17 18
Habitual sleep postures may influence the amount of
load applied to spinal tissues when sleeping. Compressive
load due to gravity and muscle contraction19 20 is likely
to be far more during the day than during the night. 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 zygapophyseal joint (ZPJ) contact.21 Conversely,
when lying down, the sources of spinal compression are
minimal, creating a low compression environment, potentially allowing an increased range of spinal movement.
The combination of increased range and asymmetrical
loading posture may result in altered and/or additional
loading of viscoelastic collagenous restraints like the ZPJ
capsule and ligaments.22 Viscoelastic tissues are vulnerable to sustained or repeated low elongation loads,
and undergo predictable mechanical and viscoelastic
changes. Ligaments in feline spines exposed to 60 min of
repeated low load, demonstrate a significant increase in
the expression of pro-inflammatory chemicals, compared
with control ligaments from the same spine, indicating
acute inflammation and tissue degradation in ligaments
subjected to the cyclic loading.23 Additionally, sustained
non-symmetrical sleep postures can induce structural
spinal changes in humans.24 25 Sleep postures have been
shown to be modifiable17 26 and identification of modifiable risk factors related to spinal pain, have been highlighted as a priority in managing disabling lumbar pain.27
Some sleep postures, such as prone, are clinically
believed to increase load on spinal tissues, reducing
recovery and provoking waking spinal symptoms.18 28 29
While some sleep research has examined, the role sleep
posture may have on spinal symptoms,13 17 30 there has
been no synthesis of the literature in regard to sleep
posture and spinal symptoms.

Open access

Search terms and strategy
The PICO framework was used to assist in the collation of
all elements relevant to clinical research questions. 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 spinal
symptoms. Non-specific symptoms are those not related
to fracture, infection, inflammatory disease, tumour or
spinal stenosis. Intervention: Terms representative of
interventions aimed at changing sleep posture in association with spinal symptoms were considered for inclusion,
while other terms not associated with 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.
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, recommended37 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 as described in online
supplementary file 1 and 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.
Study selection
All search results were imported into the reference
management software package, EndNote V.X838 and
duplicates removed. Remaining results were imported
into Covidence36 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.
Data charting
The data charting form was developed and revised iteratively between reviewers to ensure data relevant to the
Cary D, et al. BMJ Open 2019;9:e027633. doi:10.1136/bmjopen-2018-027633

three research objectives were collected. A definitions
and instructions document was developed to ensure
that data were 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 on the three research objectives. 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 points relevant to our data charting.
Quality of evidence
Non-assessment of methodological quality and the risk of
bias are consistent with current guidelines on conducting
a scoping review.32 34 However, a focus of this scoping
review was on methodology; therefore, a methodological
assessment of quality was included. The Downs and Black
checklist39 was chosen, as it has documented criterion
validity, face and content validity, intrarater (r=0.88) and
inter-rater reliability (r=0.75) and guidelines for use.40
A modified version of the Downs and Black checklist,41
where a dichotomous score for power (question 27), was
used. As a result, the maximum score for randomised
trials was 28 and for non-randomised trials it was 25. 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.

Results
Search results
An overview of the article identification process is
provided in the PRISMA flow diagram in figure 1. 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
(eg, 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, opinion and editorial
pieces and summaries.
Study design and population characteristics
The designs of the four included studies were mixed
(table 1).
Methodology: Sleep posture measurement
All studies examined participants in their domestic environment (table 2) 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
3
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Patient and public involvement
Patients and the public were not involved in this scoping
review.
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Figure 1 PRISMA flow diagram. PRISMA, Preferred
Reporting Items for Systematic Reviews and Meta-Analyses.

lying and ¾ side lying.42 Another described five postures,
adding ‘upright’ and ‘varies’, to the common three sleep
postures.13 One study used three different postures,
but combined side lying and prone for analysis, due to
small number of prone sleepers, of whom none reported
lumbar pain.43 All studies used self-report questionnaires
to assess sleep posture. Studies focused on different time
points when questioning about sleep posture. 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’13 (p7), and ‘which posture

Methodology: measurement of symptoms
The anatomical location, characteristics and method of
measuring spinal symptoms are presented in table 2. One
study included non-spinal symptoms (eg, hip and legs)
classified as ‘other’.42 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’43 (p333) and
another asked participants ‘the frequency and location
of morning symptoms of spine pain and stiffness that
occurred during the past month’42 (p2). In the other
two studies, one described the frequency and duration of
morning pain and stiffness over the prior week, but not
intensity13 while the other used a Visual Analogue Scale
(VAS) to measure pain intensity ‘at moment of response’
but not frequency or duration17 (p237).
Methodology: interventions and follow-ups
Only participants in the treatment group of the intervention study17 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

Table 1 Mapping of study design and population characteristics
Author

Study design

Population type

Sample size
(Gender)

Age M (SD)

Abanobi et al,43 2015

Epidemiological:
case controlled
Epidemiological:
cross-sectional

Welders in Owerri, Nigeria

100 (male=100)

35 (9)

Population of convenience in Esperance,
Western Australia

15 (male=7)

44 (17)

Desouzart et al,17 2016

Controlled pilot

20 (male=0)

62 (4)

Gordon et al,13 2007

Epidemiological:
cross-sectional

Elderly participants in physical activity
programme at Polytechnic Institute of
Leiria, Portugal
Every third household in Port Lincoln in
South Australia

812 (male=261)

Female 61 (10)
Male 59 (11)

Cary et al,42 2016

M = mean, SD = standard deviation
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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?’.42
The other two studies were non-specific, ‘usual sleep
posture’43 (p335) and ‘informal questionnaire for…
sleeping position’17 (p237). 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.42

Questionnaire—structured
telephone interview

Y

Y

Cary et al,42 2016

Desouzart et al,17 2016 Domestic

Gordon et al,13 2007

Domestic

Y
Domestic

Abanobi et al,43 2015

Y
Domestic

Author

HA = headache; SR = self-report; VAS = Visual Analogue Scale; Y = yes.

Questionnaire written—pain VAS
Intensity

Pain, stiffness, HA, Frequency (week),
shoulder blade/arm duration
pain
Waking symptoms

Pain

SR
5

Cervical

SR
3

All spine

Questionnaire written
Frequency (month)
waking symptoms
Pain, stiffness
SR+video
recording
4

Cervical, lumbar,
both, other

Past and present history Questionnaire—face-to-face
interview
Pain
SR
3

Lumbar

Symptom(s)
characteristics
Symptom type
Anatomical area
Sleep posture
outcome
measurement
Number of sleep
postures
Standard three
sleep postures
Sleep
environment

Mapping of sleep posture measurement and symptoms
Table 2

posture was not objectively confirmed at baseline or after
the intervention period.

Cary D, et al. BMJ Open 2019;9:e027633. doi:10.1136/bmjopen-2018-027633

Results, conclusions and recommendations
Results from all studies reported trends or significant associations between spinal pain and certain sleep postures
(table 3). The authors from three studies reported
increased symptoms, one associated with supine43 one
upright13 and the other in prone or ¾ side lying42 sleep
postures. The authors from two studies reported significantly decreased symptoms, one with side lying13 and
the other a combination of side lying and supine.17 In
the intervention study, the authors reported a significant reduction in pain VAS for the intervention group
but not the control group.17 Between-group comparisons
were not reported, possibly because it was a pilot study.
We used an online calculator44 to determine an effect size
with 95% CIs between groups, using baseline to postintervention data in two steps. Baseline to postintervention
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
(see table 3). The resultant CI indicates that significant
differences between groups were unlikely. To calculate an
effect size for Cary et al,42 the independent samples Jonckheere-Terpstra test45 was used to calculate a z-score, which
was then converted into an effect size (rj).46
Conclusions from authors of all four studies were that
sleep posture could increase or decrease spinal pain, and
that addressing sleep posture could reduce the development of spinal pain. Using self-report, side lying was
reported as protective of spinal symptoms13 17 and participants that slept in supported side lying were found to
have less symptoms than those sleeping in ¾ side lying
or prone.42 In regard to supine, one study found supine
increased the likelihood of lumbar pain by 1.9 times,43
another study recommended supine in combination with
side lying sleep postures to reduce lumbar pain17 and a
third reported supine was not significantly protective of
cervical waking symptoms.13
Two studies recommended clinicians consider sleep
posture to reduce cervical13 and lumbar symptoms.17
Quality of evidence and author reported limitations
The quality of evidence is summarised in table 4. The
Downs and Black checklist contains 27 questions distributed over five domains; reporting (ie, aims, sampling
and methods); external validity (ie, generalisability);
internal validity (ie, study design, selection bias, performance and reporting bias); confounding and power.39
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%).47 Questions 4, 8, 9, 13,
14, 15, 19, 23, 24 and 26 (see table 4 for details) were
not applicable to study designs that did not include an
5
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Symptom outcome
measurement

Open access

Open access

Author
Abanobi et al,

Results
43

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 LBP by 1.9 times.’ (p.
355) (95% CI 0.43 to 8.56)*

Conclusions

Recommendations

‘The result showed the possibility
Not provided
of reducing the burden of LBP by
appropriate training and improvement
in habits such as…bad sleeping
postures.’ (p. 336)

Cary et al,42 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 who 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,17
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 et al,13 2007 ‘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).
‘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).

‘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 patients with troublesome waking
symptoms.’ (p. 6)

*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.

intervention group and were therefore excluded from
the three epidemiological studies.13 42 43 Question 27
was applicable for all but the cross-sectional study.42 In
the reporting subsection, questions 1–10, 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
11–13 (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 random13 17 43 or consecutive sampling.42 Internal
validity, questions 14–20, 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
6

need for blinding of interviewers.13 All the remaining
questions were well documented, except for question 25
which examined confounding factors. This was poorly
documented except for one study,48 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.
Authors identified reliance on self-report to examine
sleep posture17 and symptoms48 as a limitation. Authors
identified small sample sizes, as limiting their ability to
draw firm conclusions from the obtained results.13 17
Authors identified restricted time as a limitation, for
the period available for data collection,43 and for participants to learn a new sleeping habit.17 Limitations as
reported by authors are described in online supplementary file 2.
Cary D, et al. BMJ Open 2019;9:e027633. doi:10.1136/bmjopen-2018-027633
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Table 3 Mapping of results, conclusions and recommendations

Open access

Section
Reporting

External
validity

Internal
validity: bias

Questions

Desouzart
Abanobi et Cary et
et
al,43 2015 al,42 2016 al,17 2016

Gordon et
al,13 2007

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 N
in the Introduction or Methods section?

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 X
described?

X

Y

X

10

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

Y

Y

Y

N

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 population from which they
were recruited?

U

N

N

N

13

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

X

Y

X

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 X
outcomes of the intervention?

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

Continued
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Table 4 Critical appraisal of included studies using the Downs and Black checklist

Open access

Desouzart
Abanobi et Cary et
et
al,43 2015 al,42 2016 al,17 2016

Gordon et
al,13 2007

Section

Questions

Internal
validity:
confounding

21

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

X

Y

Y

22

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

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 and healthcare staff until recruitment
was complete and irrevocable?

X

X

U

X

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

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

Power

N = no = 0 points, Y = yes = 1 points, *Y = 2 points, U = unable to determine = 0, X = not applicable (see Quality of Evidence section).
Evidence levels = strong (>75%), moderate (50%–74%), limited (25%–49%) and poor quality (<24%).47

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 and participant populations were used. One
study was a controlled pilot trial. With regard to objective 2; types of specific methodology 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; results, conclusions and recommendations, authors
recommended side lying as the sleep posture least likely
to provoke cervical or lumbar spinal symptoms. 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 required before causal
relationships between sleep posture and spinal symptoms
could be concluded.
The study designs identified in this scoping review
were appropriate to use for the research question. The
variety of study designs prevented data pooling and a
scoping review remained the most appropriate approach
to synthesise the research. The age and gender ratios of
included studies were not representative of typical cervical
and lumbar pain populations.1–3 Generalisation of the
results of the included studies needs to be considered
8

with some caution because of a strong gender bias in two
studies17 43 and a restricted age of included participants in
one study.17 In general, small sample sizes were used. The
type of study designs and patient populations identified
in this scoping review have provided preliminary information regarding relationships between sleep posture and
spinal symptoms, but there were not enough high-quality
studies to adequately answer our research question.
The most common adult sleep postures are side lying,
supine and prone,28 49 50 which were the postures examined by the studies in this review. Side lying is the sleep
posture that greater than 60% of European adults adopt
for the majority of the night.28 49 50 For this reason, one
study divided side lying into two sleep postures, based
on symmetry and plausible spinal load. These authors
identified a trend that participants spending more time
in symmetrical side lying reported less morning symptoms than those in asymmetrical side lying.42 Although
all studies in this review used self-report to report sleep
posture, some authors identified this as a limitation13 17 42
and inaccuracy associated with sleep posture self-report
can be as high as 33%.51 52 It, therefore, seems prudent to
not rely purely on self-report and clinicians would have
higher 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.42
The anatomical features of the cervical and lumbar
spine are different and it is plausible that sleeping
postures could affect each area differently. For example,
studies in this review indicated sleeping in supine was
Cary D, et al. BMJ Open 2019;9:e027633. doi:10.1136/bmjopen-2018-027633
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enable determination of time spent in each sleep posture
and the number of sleep posture changes. As side lying
appears to be associated with less cervical and possibly
spinal symptoms generally, it would be worthwhile in
future research to confirm this relationship and to further
explore whether some subtypes of side lying postures are
less provocative of spinal symptoms than others. 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. Sleep posture is potentially modifiable following
education17 and education is a non-invasive and low-cost
intervention which should be further explored in future
research using larger scale longitudinal studies.
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