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It is during sleep that the whole body recomposes and prepares itself for the next
day. Being asleep is a state of physical and mental restoration, essential to the body,
where the plasticity of the entire organism occurs. Thus, body supporting during
sleep is of major importance. The human spine must be supported by the combina-
tion of a mattress, a bed base, and a pillow to adopt its natural position. The acquisi-
tion of a non-neutral position may influence painful processes, and in particular,
musculoskeletal system pathologies.

Sleep quality and comfort are frequent questions of patients in the daily practice
of physiotherapists, as the number of hours and the quality of sleep is well estab-
lished to affect overall health — and to acquire that one must sleep on a proper sur-
face. The posture adopted during sleep influences the physical health of the
individual and may be correlated with musculoskeletal disorders in the shoulders,
neck, lumbar region, as well as headaches, for example, that can, in turn, predispose
to sleep fragmentation, poor quality, and quantity, leading to sleep disturbances.

A proper sleep system (i.e., mattress and support structure, and head pillow) can
align the spine to some extent in its neutral posture which is the same as the spine
alignment in the upright position [1]. A non-neutral posture can affect lateral bend-
ing and unbalanced loading on intervertebral disks and facet joints. For the interver-
tebral disks, growth and restoration depend on the amount of pressure and its
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manner of application on them, as to hydrate the soft tissues. During sleep, there is
a change of the direction of the gravity vector; the intervertebral disks are unloaded
and can rehydrate to restore their elasticity [2]. Supplying a patient/client with
proper surfaces upon which to relax is also the focus of physical therapy.

The causes of pain in the axial skeletal muscle system may be due to mechanical
disorder, postural and ergonomic factors, or excessive overload of the upper or lower
limbs. Mechanical factors can be attributed to resting postures such as deviations in
the position of the head, static or repetitive contractions of the neck muscles [3, 4].
For instance, sleeping with an incorrect height of the pillow: high, low, or no pillow
(too low), or even sleeping in an incorrect posture may lead to frequent awakenings,
to pain during the night and following day, or even to chronic pain in a course of time.

1 What Is a Good Posture for Sleep?

How is the correct body alignment during sleep? Having a good posture can increase
body awareness and injury prevention. Posture can be defined as the distribution of
body masses in space, this distribution being harmonious, involving a minimum
amount of effort and overload and leading to what we call “good posture.” The
alignment of body mass and joints is one of the fundamental characteristics to
acquire the “good posture”. However, maintaining alignment does not depend on
our voluntary control; the movement is often carried out involuntary during the
recumbent posture that we adopt when asleep, and also via reflexes. There are sev-
eral factors that influence and configure posture during sleep.

Proper maintenance of postures, body parts with the centerline of gravity, is
associated with lower energy expenditure due to lower demand for antigravity mus-
cles [5—7]. The muscular effort spent to maintain the different postures adopted is
based on the position of the different parts of the body according to their relative
weight, that is, head 6-8%; trunk, 40—46%; upper limbs, 11-14%; and lower limbs,
33—40% of the total body weight [8]. According to the assumed posture, there is a
change in the internal pressure of the intervertebral discs [9].

Changes in body posture are one of the problems often faced by young people,
adults, and older ones. In this context, the prophylactic approach of a postural reed-
ucation with an intervention in the posture aims to minimize the effects of the
degenerative process and the mechanical overload caused by the continued bad pos-
ture in all day and also night periods [10].

A posture is called “bad, poor” when it is ineffective, when it does not reach its
intended purpose or when a great muscular force is used to maintain it, consuming
more energy than it should [5]. A poor posture can result in pain due to mechanical
overload for a prolonged period (i.e., sleep), adaptive shortening of soft tissues, and
consequent muscle weakness [11]. Mechanical stresses, such as those imposed by
postures outside the anatomical alignment for a prolonged period, lead to an increase
in the production of fibroblasts and collagen, with the loss of the need for tissues
such as muscles and soft tissues [12]. When the posture is maintained statically for



Sleep Ergonomics 347

Head: 90° rotation
Neck: extens and rotation

Spine: not alligned
Hips: external rotation

Hands: underneath the pillow

Neck: flexion
Hips: internal rotation
LN =
@ ST
—- o : —~
T _
Shoulders: above > 90°
Neck: flexion - Shoulders: internal rotation
Spine: cifosis
' e
Hands: underneath head and pillow Kness: (flexion attrition)

Fig. 1 TIllustration of ineffective postures, with a mechanical overload of joints and muscles.
(Image courtesy from Dr. Silmara Bueno.)

a long time, that is, with isometric and repetitive contractions, the phases of muscle
relaxation become noticeably short, promoting muscle fatigue that can translate into
a sensation of discomfort or pain [13] (Fig. 1).

In the biomechanics of the spine, aspects such as length, strength, endurance, and
muscle coordination are involved, maintaining the balance between them. The lack
of application of healthy biomechanics to the spine during sleep is associated with
a decrease in range of motion, changes in alignment, and normal control in kines-
thetic perception due to inadequate postural habits, maintained for a prolonged
period. Among the lengths associated with postural dysfunctions, the decrease in
range of motion due to changes in flexibility, pain, and increased muscle tension due
to overload stands out. In addition, there is a decrease in strength and resistance
leading to muscle fatigue due to the postures adopted or due to disuse and inade-
quate trunk stabilization [11, 14]. The increase in static, repetitive, and excessive
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resistance increases the risk of inflammatory or degenerative processes that affect
the skeletal muscle system [14].

Postural assessment at bedtime makes it possible to assess imbalances to restruc-
ture posture through ideal support for the entire skeletal muscle system. The pelvic
area of the human body is broader and heavier than other body parts. The thoracic
area, because of the presence of the lungs is wider but not heavier. When lying in a
lateral decubitus for sleep, on a very firm mattress, there is unsuitable spinal sup-
port, as only the broader areas of the body are supported (e.g. pelvis and shoulder).
When these forces are not respected, ischemia may appear in body regions that are
in contact with the surface. Ischemia generates metabolic substances (which will
stimulate the nerve extremities and lead to discomfort and pain in lumbar and neck
regions. The continuity of this factor can cause chronic muscular pain in the neck
spine [15, 16]. Postural discomfort due to continuous muscle contraction
can decrease blood supply, increase tension (stretching tight), or ligament compres-
sion, usually leading the individual to change the posture. Different studies have
shown the association of microtrauma with pain and functional disability caused by
poor posture during sleep [14, 17-19], highlighting the importance to have ideal
support for the body and a correct and aligned posture.

The adopted posture for sleeping is something incredibly unique and particular.
We move more than 10 times during sleep, this tends to decrease with age, and most
of the time we are unable to remember the position in which we fall asleep or wake
up. The body requires a position according to the degree of comfort and habit, so the
body tends to adapt during a change in the musculoskeletal system.

2 Mattress: Alignment of the Body

In comparison about the mattress, custom-made surface, firm, and soft matters
showed that the custom-made matters have maintained the natural alignment of the
spine, arranged with different stiffness zones (Fig. 2a).

In the firm matters, the spine has bent down in the lumbar area, as only the shoul-
der and pelvis received good support on these surfaces (Fig. 2b). The softness of the
soft mattress caused the pelvic area to sag more into the mattress, while the position
of the vertebra C7 on soft surfaces is higher than that of the pelvis, due to the rela-
tively lower mass of the upper part of the body (Fig. 2c) [20]. Therefore, the

Fig.2 Alignment of the spine on custom-made (a), firm (b), and soft (¢), surfaces. (Reprinted with
permission from Leilnahari et al. [20])
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Fig. 3 Supine position with roll under the knees to protect the lumbar region, hips, and knees; and
lateral decubitus with supported contour-shaped body pillow. (Image courtesy from Dr.
Silmara Bueno.)

custom-made mattress allowed the neutral alignment of the spine, close to the natu-
ral standing position.

In the supine position, the center of gravity is a result of all segmental centers of
gravity in relation to weight, having as many centers of gravity as there are positions
to be adopted. The individual is in stable balance in the supine position when the
line drawn from their centers of gravity coincides with the base of support [21].

The most common sleeping position in adults is the lateral decubitus (57%) [22],
most likely due to the increased support of the spinal structures [23], followed by
the supine position (17%) and the prone position (11%), despite this last one not
being indicated for sleep. The other postures are variations of the positions in which
the individual lies down to sleep [24]. The supine and the lateral decubitus are
the sleeping postures most indicated, as they allow greater comfort and efficiency
[25]. Yet, both positions require the use of two pillows (or a bigger one): one sup-
porting the head and the other, below or between the knees (Fig. 3). The supine
position allows the alignment of the spine with the use of pillows, cushions, and
supports. For this case, it is recommended to use a pillow for the head and another
pillow under the knees to align the pelvis.
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3 Pillows: Neck Support

When sleeping in the prone position, the head is usually turned to the side, which
increases the rotation of the neck. This rotation is up to 90° and flexion of 10°-20°
of the neck, with negative repercussions on muscular structures, nerves, vessels,
ligaments, and other segments. This posture constitutes a potential source of neck
pain, fatigue, muscle tension, tension headache, and pain in the temporomandibular
joint [11]. Consequently, there is an increase in spinal load, because several facet
joints of the most cranial vertebra are compressed on the ipsilateral side, while the
contralateral ligaments will be under tension and stretching. Blood vessels can also
be compressed, causing headaches, dizziness, and other disorders [1]. Despite all
the disadvantages, many people prefer the prone position. It is therefore advisable
to improve the alignment of the spine by placing a pillow, under the shoulder and
the ribcage next to which the head is facing, or by raising your arm from that side,
or even by placing a pillow under the belly to restore lumbar lordosis. The same
alignment of an eventual hyperlordosis can be achieved by raising the knee and the
hip next to which the head is rotated, or by placing a pillow under the hip and knee
on this side. In fact, most of the aforementioned corrections implement a slight
change of position to an almost lateral position [1].

Inadequate posture of the head when sleeping imposes a considerable consump-
tion of muscle energy in the neck region. Poor neck posture during sleep, increase
biomechanical stresses on neck spine structures, producing neck pain and stiffness,
headache, and scapular or arm pain, resulting in low-quality sleep [26]. A suitable
pillow is a proper support for neck lordosis [27]. Choosing an adequate pillow can
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Fig. 4 Different materials with different supports for pillows. (Image courtesy from Dr.
Silmara Bueno.)
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reduce pain and improve sleep quality [28]. The big question is: “How is the suit-
able pillow? How do I chose one? Where do we have it on the market?” There is still
no consensus regarding the best type of material for pillows, or their shapes and
heights, which are still under debate in the literature (Fig. 4).

The main role of a pillow during sleep is to support the neck spine in a neutral
position. A neutral position of the spine prevents loss of neck spine curvature and
neck waking symptoms by minimizing end-range positioning of spinal segments
[23, 29]. In addition, proper support can increase the contact area between the neck
and the pillow so the pressure exerted upon the muscles can be evenly distributed
[30]. Modifications of the neck inclination from 10 to 15 degrees alter muscle activ-
ity and blood supply in the region [31]. During the neck flexion, the horizontal dis-
tance between the center of gravity of the head and the axis joint at the atlanto-occipital
joint increases considerably. The contraction of the scapular elevator muscles, with
repercussions on the brachial plexus, is expressed by symptoms of pain, tingling,
and decreased strength of the upper limbs [31]. Likewise, such manifestations can
be observed when lying down, maintaining the prolonged positioning of the neck in
semi-flexion.

Neck and spine pain as a whole has been described as one of the factors that can
interfere with sleep quality. Pain and discomfort were related to higher and longer
electromyographic (EMG) activities of trapezius in participants who have neck and
shoulder pain. However, the relation of comfort and EMG activity of the neck and
upper trunk during lateral sleeping position in different pillow heights is still a gap
in the literature [32].

We already know that many people might not fall asleep when the neck was stiff
and shoulder muscles were not relaxed. In addition, we should use props to relax the
joints and loosen stiff muscles having proper support [33].

Pillow temperature must also be taken into consideration. A pillow that helps
reduce core and head temperatures during nighttime sleep has been shown to be
important for deep sleep (slow wave sleep) [34]. The reason individuals using a pil-
low made of a material that helps the pillow surface stay cool could fall asleep more
easily and sleep well is strongly related to the lowered core and head temperatures
and slowed heart rate [35]. Moreover, a pillow designed to reduce the temperature
of the head can reduce sweating and whole-body temperature, and indirectly
improve sleep quality [36].

An investigation on the effects of three types of pillows with different contents
on neck lordosis, pillow temperature, and pillow comfort was conducted [37]. The
three pillows were made of different materials: the orthopedic pillow (a roll-shaped
pillow containing multiple polypropylene capsules), the memory foam pillow (con-
toured pillow consisting of polyurethane foam), and the feather pillow (regularly
shaped pillow filled with 100% goose feathers). The Cobb angle from C2-C7 of the
participants was measured from a radiograph, and when comparing the pre-Cobb
angle in a standing position and the post-Cobb angle in a supine position with the
use of the three different pillows, the researches found that the angle was signifi-
cantly increased with the orthopedic pillow, from —3.83° at baseline to 7.70°
(Fig. 5). The memory foam pillow increased the Cobb angle from —3.83° to —0.33°,
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Fig. 5 Measurement of the Cobb angle in a standing position (a) and a supine position with an
orthopedic pillow (b). (Reprinted with permission from Jeon et al. [37])

and the feather pillow decreased the Cobb angle from —3.83° to —6.20°, but with no
statistically significant differences (that might be because of the small sample size).
The variations in pillow temperature were measured using an infrared thermometer,
and the temperatures of each of the three pillows increased significantly after
20 minutes of lying on the pillows. However, the degree of temperature increase was
significantly lower for the orthopedic pillow (1.53 °C) than for the memory foam
(3.13 °C) and feather pillows. The orthopedic pillow was also considered the most
comfortable one by the participants [37].

In another investigation, neck pain and quality of sleep were tested with six dif-
ferent pillows [38]. The participants tested all the pillows in a random order over the
course of 3 weeks. Pillows with firm support for neck lordosis could be recom-
mended for the management of neck pain and improvement of sleep quality [38].

The use of the wrong type of pillow can compromise pain-sensitive structures
and produce waking symptoms, such as neck pain and stiffness, headache, and arm
pain leading to low sleep quality. The height of the pillow affects the comfort and
quality of sleep and was identified as one of the factors that influence the alignment
of the neck spine [39, 40]. It is believed that using an “ideal” pillow for adequate
neck support to maintain neck lordosis while sleeping can lead to high-quality
sleep [30]. However, many people make poor choices of pillows, which leads to
the adoption of bad postures of the neck during sleep, resulting in biomechanical
stress [26]. The pillow intends to avoid the discomfort caused by the posture
adopted when sleeping, promoting the alignment of the axial skeleton in any decu-
bitus, and supports the skeletal muscle system, being considered compensating
support [41].
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The traditional dimension of the pillow used in many countries is 50 x 70cm, with
a height of 10-18 cm. In order to make them soft and comfortable, they can be made
in different materials, (e.g., feathers, polyurethane flakes, polyester fiber, viscoelas-
tic, latex, and others), and in different formats (e.g., the traditional rectangular ones,
format of soap, triangular and ergonomic ones). The pillow should adjust to the dif-
ferent decubitus positions adopted during sleep. For instance, in the supine position,
if the height of the pillow is too high, it will cause flexion of the neck. Similarly, if
the height of the pillow is too low, there is hyperextension of the neck. Both can
impair respiratory function during sleep, increase muscle activity, and generate pain.

The EMG activity of the neck and mid-upper back of asymptomatic adults using
foam pillows of three different heights (5, 10, and 14 cm) was evaluated by a group
of Brazilian researchers [42]. The 10 cm pillow foam elicited the lowest EMG activ-
ity of the middle trapezius in lateral decubitus and was considered by the participants
the most comfortable one [42]. A study conducted with participants with a high vari-
ation in height, from 155 to 180 cm, found the intermediate pillow height of 10 cm as
an ideal [34], as other investigations also have proposed [30]. Indeed, the ideal height
for each person is a fundamental aspect of pillow use. This is a product that needs to
be designed specifically for a population according to their anthropometry.

4 Positional Therapy for Sleep Apnea

A sleep-positioning pillow can heltp to resolve or resolve positional obstructive
sleep apnea (OSA) in some cases. It is a simple accessory, many times used toghether
with PAP therapy, deserving consideration as an alternative or complementary treat-
ment. Please refer to Chapter “Obstructive Sleep Apnea: Physiotherapeutic
Approach” for more on sleep position for OSA, and for pictures of devices for
positional therapy, such as chest belts, inflatable dampers and tennis ball technique.

Only four studies up to now investigated the use of different sleep positioning
pillows in patients with OSA, two of them using objective parameters. The effect of
the positional pillow (Fig. 6a) was investigated using objective measures derived
from polysomnography on both respiratory variables and sleep architecture (base-
line, consecutive treatment response at 1 and 6 months, and follow-up polysomnog-
raphy) along with questionnaires to identify sleepiness, fatigue, and sleep quality
[43]. The satisfaction of both participants and bed partnerers was assessed. The use
of the positional pillow statistically significantly reduced supine position, sleep
fragmentation, apnea-hypopnea index, respiratory disturbance index, and oxygen
desaturation, both at 1 and 6 months. Sleepiness and fatigue also showed reductions
and sleep quality improved in all-time points [43].

There was a significant reduction in respiratory disturbance index, hypoxemia,
and snoring after one night with a triangular pillow in participants with mild to
moderate OSA (Fig. 6b) [44]. Therefore, we must be aware of shoulder pain when
using this pillow. One night of positional therapy with a head-positioning pillow
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(Modified with permission from Newell et al. [43])

(Fig. 6¢) in a sample of post-stroke patients showed a significant reduction of supine
position and AHI, having an acceptable adherence following 3 months [45].

In addition, the head positioning pillow for 2 consecutive nights in mild to mod-
erate positional OSA patients showed significant reductions of subjective and objec-
tive snoring severity in normal-weight patients, in contrast to overweight patients
where only a reduction in subjective snoring was shown [46].

Positional therapy may therefore present as a valuable first-time intervention in
positional OSA. Individualized care for positional OSA treatment by determining
who will benefit from positional therapy alone or as an adjunct therapy is still
needed, as well as guidelines on the theme.

5 Final Words

Material properties of a sleep system should be adjusted to personal needs in an
objective way and preferences, for the reason that they are the underlying determi-
nants of most physical ergonomic features (e.g., spine support). For example, obese
patients need a firmer mattress in order to prevent the pelvic girdle from dropping
too deep into the mattress. Materials therefore must be developed and combined to
optimize general sleep system characteristics. Here, we point out a new avenue for
research and increase the interest for the physical therapist to be evolved in position-
ing for better sleep.
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