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Abstract:

Background: Using an appropriate pillow in terms of shape and content is necessary to maintain the neck’s natural
posture and to eliminate biomechanical stresses, particularly uncomfortable muscular activity.

Objectives: This study evaluated four different types of pillows regarding their traditional shapes (rectangular and

cylindrical) and contents (memory foam and wool).

Methods: For each of the pillow conditions, bilateral sternocleidomastoid (SCM) and upper trapezius (UT) EMG
activity and perceived comfort were recorded from ten healthy participants (5 male and 5 female) during 30-min

sleeping tests in each of the supine and lateral positions.

Results: For both materials (wool/memory foam), the rectangular pillows felt more comfortable in the supine
position, and the cylindrical ones provided more comfort in the lateral position. A significantly reduced muscular
activity for the right UT muscle was recorded during sleep with rectangular pillows in the supine position. In the
lateral position, Left UT and bilateral SCM muscles indicated significantly lower EMG values with cylindrical pillows.

Conclusions: The results suggested that pillow shape plays a crucial role in the management of neck muscle
activation and perceived comfort according to the sleeping position. Furthermore, wool as a viable alternative to

memory foam requires support from additional future studies.
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1. INTRODUCTION

Sleep comprises approximately one-third of an indivi-
dual’s lifespan. Sufficient sleep duration (6-8 hours) with
appropriate quality leads to beneficial effects on body health
and functions (e.g., physical restoration and memory pro-
cessing) [1]. Sleep quality is directly related to the proper
head and neck support to maintain cervical spine alignment
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[2]. Accordingly, it is widely reported that sleep-related neck
pain and discomfort are associated with higher and longer
muscle activity due to improper neck support [3, 4]. As a key
element of sleep posture, the primary function of a pillow is
to maintain the cervical spine in a neutral position during
sleep, thereby reducing neck muscle activity and minimizing
pressure on the intervertebral discs, nerve roots, and facet
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joints [5]. However, inappropriate pillow designs that pro-
vide inadequate support for the head and neck can cause
poor sleep quality arising from biomechanical stresses on
neck structures [6, 7].

In order to offer the optimal alignment for the cervical
spine through an ergonomic pillow in the supine or lateral
positions, previous studies have identified three funda-
mental parameters: pillow height, shape, and content (mate-
rial) [5, 7]. The height of a pillow is closely related to the
cervical vertebral angle and thereby affects cervical spine
alignment [8], muscle activity of the neck and shoulder [3],
pressures on the cervical and cranial regions [9], and per-
ception of pillow comfort [10]. Several investigations have
examined pillow height, and their findings consistently show
that a height of seven to eleven centimeters is associated
with improved sleep quality, better spinal alignment, proper
pressure distribution, and reduced muscle tension [5].

The shape of the pillow determines the contact area bet-
ween the pillow and the head-neck-shoulder complex during
sleep [11]. In other words, the pillow shape directly defines
the amount of support for the neck [2]. Previous studies have
evaluated a relatively new shape of the pillow, a countered
design (U-shaped: a pillow with higher sides and a lower,
flattened center), in comparison to traditional forms such as
rectangular and cylindrical pillows [2, 12]. In addition, the
focus of investigations has mainly been on the effectiveness of
new pillow designs in mitigating neck pain and related
symptoms [7] rather than examining the improved sleep
quality (or comfort) resulting from various pillow shapes in
healthy individuals [5]. However, conflicting findings have
also been reported regarding the usefulness of pillows with
countered design in the management of neck pain and
discomfort [13, 14].

Additionally, the role of pillow material has been recog-
nized in maintaining pillow form stability, ensuring the
intended shape is preserved [15], while also evenly distri-
buting pressure under the head and neck [16]. Currently,
the strongest evidence for improving sleep quality and
comfort through proper neck support is reported for latex
pillows, followed by memory foam [17-19]. In contrast,
limited evidence has been documented for other common
materials (e.g., feather, polyester, and cotton) [6, 16], as
well as specific materials (e.g., water-based or spring
pillows) [20, 21].

An important issue that has received less attention is the
influence of basic pillow shapes (rectangular and cylindrical)
on sleep quality and perceived comfort among the general
population, particularly considering their biomechanical
impact on the cervical region. Furthermore, wool is another
common material that has been less considered as a pillow
filling. Natural wool with specific properties such as breath-
ability, flexibility, thermal regulation, and moisture control
might influence comfort or muscle activity, however, this
topic needs more investigation. Therefore, the present study
aimed to investigate the influence of two basic pillow shapes
(rectangular and cylindrical) and also two common materials
(memory foam and wool) on sternocleidomastoid and
trapezius electromyographic (EMG) activity and the per-
ceived comfort in the two most common positions (supine
and lateral) during sleep. It was hypothesized that neck
muscle activity and perceived comfort significantly differ
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under the influence of pillow conditions in different sleeping
positions (supine and lateral).

2. METHODS

2.1. Participants

Ten healthy volunteers (5 males and 5 females) from
the university population with a mean age of 23.9 + 2.6
years and a body mass index of 23.2 * 0.55 kg/m’® parti-
cipated in this experimental study. The exclusion criteria
included injury, neurological or orthopedic conditions in
the cervicothoracic spine within the preceding year, cervi-
cogenic dizziness and headaches, sleep disorders, and
ongoing treatment for neck symptoms. All participants
read and signed an informed consent form prior to parti-
cipation.

2.2. Instrumentation

Neck muscle EMG activity was monitored using an
eight-channel data acquisition system (DLK900, Biometrics
Ltd., Gwent, UK) with standard bipolar Ag-AgCl surface
electrodes (10 mm diameter and center-to-center inter-
electrode distance of 20 mm). The raw EMG signals with a
bandwidth of 10-500 Hz and a sampling frequency of 1000
Hz were bilaterally collected from the sternocleidomastoid
(SCM) and the upper trapezius (UT) muscles. The process
of preparation and surface electrode placement followed
the recommendations of SENIAM [22]. The location of
electrodes was as follows: SCM at the most prominent area
of the sternal head in the lower third of the distance from
the sternal notch to the mastoid process; UT at 50% of the
distance from the acromion to the C7 vertebra [23]. Visual
Analog Scale (VAS) was used to subjectively assess
individuals’ comfort in using the pillows under study.
Comfort was measured on a 100 mm line with the words
“most comfortable” and “least comfortable” at both ends.

2.3. The Pillows

The pillows studied were available in two shapes:
rectangular (R) and cylindrical (C) (Fig. 1), with each shape
made from two materials: wool (w) and memory foam (mf)
(Rw, Rmf, Cw, and Cmf). The dimensions for the rectan-
gular pillows were 49 cm x 30 cm X 14 cm, and for the
cylindrical pillows, they were 49 cm x 22 cm X 15 cm. The
height of all pillows during sleep, with the weight of the
head and neck, met the recommended values (7-11 cm) [5].
The applied memory foam in this study was polyurethane. A
100% cotton covering textile was used for all pillows.

2.4. Experimental Design and Protocol

A repeated within-subject experimental design was
recruited for the current study in which each participant
completed four 60-min sleeping sessions with one-week
interval for each of the pillow conditions: 1) rectangular
with wool, 2) rectangular with memory foam, 3) cylindrical
with wool, and 4) cylindrical with memory foam. The two
most common sleeping positions, supine and lateral, were
assessed in each pillow trial [24]. Each sleep position was
maintained for 30 min [25]. The sequence of pillow
conditions and also the sleeping position in each session
were randomly selected by participants. All subjects were
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instructed to have no specific physical activity a day before
the test session and were also required to wear shirts
without collars.

Fig. (1). The Studied Pillows: Rectangular (left) and cylindrical
(right).

At the start of each test session and after the placement
of EMG electrodes, the subjects were tested for maximal
voluntary contraction (MVC) of the SCM and UT muscles.
Furthermore, to measure the MVC of the UT muscle, the
subject was asked to sit and raise the shoulder as far as
possible against manual resistance applied to the distal
third of the clavicle [26]. For the SCM muscle, in the supine
position, the subject was first asked to flex their head while
rotating it to the opposite side and then was required to
maintain the head against the manual resistance applied to
the temporal region of the head in an oblique posterior
direction [26]. EMG signals were recorded for each of the
relevant muscles twice with an interval of 2 min for 5
seconds. Next, the subject was asked to lie on the bed and
use each pillow for 30 min in the supine position and 30 min
in the lateral position (on the right side) (Fig. 2). During
tests, the participants were asked to keep their eyes closed
to avoid the effect of visual stimulations. Participants were
blinded to the material and shape of the pillows during the
experiment. The EMG signals were recorded from the start
of each sleeping position and every 10 minutes for 30 s
duration. After using the pillow for 30 min in each of the
sleeping positions (supine and lateral), the perceived
comfort level was measured through the VAS.

Fig. (2). Participant while using the pillows in the supine
position.

2.5. Data Processing

Post-processing of raw EMG data was fulfilled offline
in MATLAB® (MathWorks®, Natick, MA, USA). As the rec-

ording system applied a band-pass filter (10-500 Hz), there
was no need for a digital filter. First, all EMG signals were
full wave rectified and then the root mean square (RMS)
values were obtained using a moving 200-ms window [27].
The greatest RMS value of the two MVC trials in the
target muscle was used to normalize the RMS values of
30-s recordings (%MVC). For each muscle, four norma-
lized RMS scores were obtained in each pillow test session
with each of the supine and lateral sleeping positions (8
RMS scores).

2.6. Statistical Analysis

The normality of data was assessed through the Shapiro-
Wilk test. As the data indicated a normal distribution and
also there were no main effects or interactions for gender, a
two-factor repeated measures analysis of variance (ANOVA)
was run to analyze the effects of pillow conditions (2 shapes
* 2 materials) and sleeping time (4 points) on EMG activity
of bilateral SCM and UT muscles, separately, in each of the
sleeping positions (supine and lateral). For the perceived
comfort of pillow, the influence of pillow conditions was only
analyzed. Huynh-Feldt Epsilon corrections were used when
the data did not follow Sphericity assumptions. The least
significant difference (LSD) test as post-hoc adjustment was
conducted for pairwise comparison. All statistical tests were
performed using the SPSS software version 20.0 (SPSS Inc.,
Chicago, IL, USA). The alpha level equal to or less than 0.05
was accepted as significant.

Table 1. Means + SD of VAS scores in two sleeping
positions and four pillow conditions.

Pillow Condition Supine VAS Lateral VAS
Rectangular memory foam 8.67+0.644 7.08+0.707
Cylindrical memory foam 6.71+0.432 8.31+0.568
Rectangular wool 8.21+0. 528 6.74+0.843
Cylindrical wool 6.30+0.843 8.48+0.441

3. RESULTS

3.1. Pillow Comfort

Table 1 presents the mean scores of perceived comfort
for the studied pillows. A significant main effect of pillow
condition was found for the perceived comfort in both the
supine and lateral sleeping positions (Table 2). In the
supine position, significantly higher levels of comfort were
reported for the rectangular pillows (R, and R,,) compared
to the cylindrical ones (C,; and C,) (p < 0.05). Regarding
lateral position, the cylindrical pillows (C,; and C,) were
perceived as more comfortable than the rectangular pil-
lows (R,; and R,) (p < 0.05). However, there were no
considerable differences between memory foam and wool
materials in the pillows with the same shape (p > 0.05).

3.2. Muscle Activity

The mean levels of EMG activity for the bilateral UT
and SCM muscles are shown in Figs. (3 and 4), respec-
tively. There was a significant main effect of pillow condi-
tion for the right and left UT muscles in the supine and
lateral sleeping positions, respectively (Table 2). Pairwise
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comparisons revealed that lower levels of EMG activity for
the right UT muscle were induced through both the R, (p
= 0.050) and R,, (p = 0.031) pillows compared to the C,;in
the supine position (Fig. 3). In the lateral position, less
EMG values of the left UT muscle were observed for the
C, compared to the R;, (p = 0.009) and R, (p = 0.030) and
also for the C;, compared to the R, (p = 0.010) (Fig. 3).

Daryushi et al.

A significant main effect of pillow condition was also
found for the right and left SCM muscles only in the late-
ral position (Table 2). Lower EMG activity levels of the
right SCM muscle were recorded for the C, pillow com-
pared to the R, (p = 0.003) (Fig. 4). For the Left SCM
muscle, less activity was obtained during sleep with the C,
compared to the Ry, (p = 0.026) and R, (p = 0.011) and
also for the C, compared to the R, (p = 0.046) (Fig. 4).

Table 2. Summary of repeated measures analysis of variance (ANOVA).

Time Pillow Condition | Time*pillow Condition
Measure Sleeping Position
F P | ES F P ES F P ES
Supine 11.597]0.000%*(0.563
Comfort
Lateral - - - ]13.529(0.000*[0.604 - - -
Right UT Supine 0.123(0.946]0.013] 3.744 {0.022*[0.295| 0.560 | 0.826 [ 0.059
g Lateral 0.253(0.858/0.027] 1.316 | 0.290 {0.370| 0.947 | 0.490 | 0.095
Left UT Supine 0.146(0.931/0.016/ 0.895 | 0.412 {0.090( 0.814 | 0.522 | 0.083
e
Lateral 0.448(0.720]0.047] 5.288 {0.005*(0.128| 0.573 | 0.671 [ 0.060
. Supine 0.471(0.705|0.050] 0.779 | 0.516 {0.080( 0.255 | 0.990 | 0.024
Right SCM
Lateral 0.062(0.9790.007| 3.622 |0.026*|0.287( 0.391 | 0.936 | 0.042
Left SCM Supine 1.128]0.355/0.111| 1.029 | 0.395 [0.103| 0.590 | 0.641 [ 0.062
e
Lateral 0.029(0.9930.003] 3.841 {0.021*[0.299| 0.150 | 0.962 | 0.016

Note: *p < 0.05, ES: Effect Size, UT: Upper Trapezius, SCM: Sternocleidomastoid.
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Fig. (3). Changes in mean values of normalized RMS (NRMS) for right and left upper trapezius (UT) muscles during 30 min sleeping with
four pillow conditions in each of the supine (top row) and lateral (bottom row) positions. Error bars represent standard deviation values.
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Fig. (4). Changes in mean values of normalized RMS (NRMS) for right and left sternocleidomastoid (SCM) muscles during 30 min
sleeping with four pillow conditions in each of the supine (top row) and lateral (bottom row) positions. Error bars represent standard

deviation values.

There were no significant effects of time or interaction
of time with pillow condition for any of the considered
muscles in each of the sleeping positions (Table 2).

4. DISCUSSION

An ergonomic pillow with an appropriate design can
effectively reduce the biomechanical stress on the neck
region [2], particularly in the form of undesirable muscular
activity (muscular load) [3, 28, 29], and thereby promote
the quality of sleep [5]. From this perspective, the present
study evaluated the influence of different pillow designs in
terms of traditional shape (rectangular/ cylindrical) and
content (memory foam/wool) on neck muscular activity and
perceived comfort. This study revealed two main findings.
First, depending on sleeping position (supine or lateral), the
pillow shape can play a significant role in providing comfort
and less neck muscular activity during a 30-min sleeping
test. Second, the wool material, which tested here as a new
pillow content, was relatively achieved similar (or even a
little better) consequences for perceived comfort and neck
muscular activity in both of the sleeping positions compared
to the memory foam material.

In the supine position, although bilateral UT and SCM
muscles indicated lower mean activity levels while using the
rectangular pillows compared to the cylindrical ones (Fig.
3), only right UT EMG values were significantly smaller
(Table 2). A previous study has also reported lower EMG
activity of neck and shoulder muscles for a basic or rectan-
gular pillow design in a supine position [16]. Naturally,
muscular activity can be at its lowest rate in a symmetric
lying supine position with appropriate support for the neck

and shoulder [30], which may be afforded more effectively
by rectangular pillows in the current experiment. Further,
significantly higher levels of perceived comfort were
reported for the rectangular pillows in relation to the
cylindrical ones in the supine position (Table 1). An optimal
comfortable pillow shape in the supine position has been
recognized by a design that can provide sufficient support
for the head, neck, and shoulders [11]. In this regard, the
rectangular pillows in the current study appeared to be
more effective than the cylindrical design, as they provided
greater comfort in the supine position.

There are two justifications for the higher EMG activity
of the right UT muscle under the influence of cylindrical
pillows in the supine position (Fig. 3). First, the cylindrical
shape design supports only the weight of the neck and
head, which is accompanied by support from the bed
surface on the elbow joint in a crossed position of the upper
limb across the chest (Fig. 2). In this situation, the hanging
shoulder joint and scapula bone are likely to move into
external rotation and retraction, respectively. Thus, there is
a continuous stretch on the UT muscle that can induce a
higher spindle discharge on alpha motor neuron pools and
this can lead to a higher tonic activity [31]. Second, all the
participants declared that they prefer the right-side lateral
sleeping position, therefore, there has always been a
tendency for them to change from the supine to the lateral
position. This can lead to a continuous relative readiness in
the muscles of the right side of the body (in particular, neck
and shoulder muscles) for rotation. In addition, as the
cylindrical pillows were found to be more comfortable
during lateral sleeping positions in this study, their pre-
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sence in the supine position can further induce a tendency
to rotation. This mental state may finally be a cause for
higher basic mean activity in the right UT muscle during
sleep in the supine position.

Regarding the lateral position, higher reported per-
ceived comfort for the cylindrical pillows in relation to the
rectangular samples (Table 1) was obviously supported by a
significantly reduced muscular activity in most of the
monitored muscles (Left UT and bilateral SCM) (Table 2)
(Figs. 2 and 3). As all of the participants adopted a right
side sleeping position, the right shoulder was in contact
with the ground in which an inappropriate neck support can
lead to a higher EMG activity of UT muscle on the upper
side (left side here) to maintaining the cervical alignment. A
recent study has also indicated that the activation of UT
muscle on the upper side during lateral sleeping positions
was significantly affected by a rectangular pillow design
[29]. Accordingly, this study's findings confirmed this issue
by recording the highest EMG values for the left UT muscle
while sleeping on rectangular pillows in the lateral position
(Fig. 2). However, the more appropriate contact form of the
cylindrical pillows with the neck area has possibly provided
sufficient support for it in the current experiment and
afforded a lower level of left UT muscle activity in the
lateral position.

From a physiological perspective, the SCM muscle is
one of the primary sources of proprioceptive input regar-
ding the orientation of the head in space, and it also plays a
significant role in maintaining head balance [32, 33]. It has
been suggested that the activity of the SCM muscle was
reduced if the cervical spine was aligned horizontally
during side-lying by providing appropriate neck and head
support [3, 4, 29]. Moreover, a higher contralateral SCM
EMG activity (upper side) has also been reported in the
lateral position with a rectangular pillow [28]. An asym-
metrical bilateral SCM activity is possibly related to the
incorrect cervical alignment in the lateral position while
using a rectangular pillow design. Similarly, in the present
study, the use of rectangular pillows resulted in higher SCM
activity, particularly on the left side, compared to the
cylindrical design (Fig. 4), which was accompanied by
significantly lower EMG values. As noted, these favorable
findings, in terms of reduced unnecessary SCM muscle
activity with cylindrical pillows, can be attributed to their
better ability to support the cervical spine [34, 35].

Moreover, the feasibility of wool as a pillow filling com-
pared to the more commonly used material, memory foam
should be elaborated.. The usefulness of memory foam as
a pillow content has been comprehensively evaluated by
previous studies relevant to sleep quality and comfort [13,
36], cervical alignment [15, 36], muscular activity [16, 29],
and pressure distribution [12, 14]. However, in the current
experiment for pillows that had the same shape but
different content (R, and R, or C,; and C,), there were no
considerable differences between wool or memory foam
materials relevant to both the perceived comfort and neck
muscular activity. Interestingly, in limited cases of com-
parison between the two main shapes, the wool pillows
had better results for muscular activity. In the supine
position, the C, pillow provided UT EMG activity levels
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more analogous to the rectangular pillows (R, and R,
unlike C,; which significantly had higher activity levels
(Fig. 3). In addition, the similar pattern was observed for
the R, in the lateral position regarding right SCM EMG
activity in relation to cylindrical pillows (C, and C.).
Unfortunately, no study was found for comparison in
which the biomechanical impacts of wool assessed as a
pillow content. However, whether a wool pillow is more
effective than other pillows remains to be evaluated by
future studies.

CONCLUSION

The findings of this study highlight the significance of
congruence between pillow shape and sleeping position in
providing comfort and reducing unnecessary neck muscle
activation. In this regard, a higher level of perceived comfort
with less neck muscular activity was distinctively observed
for rectangular and cylindrical pillows in the supine and
lateral positions, respectively. Therefore, it can be suggested
that subjects who who primarily sleep in the supine position
would benefit more from a rectangular pillow design, while
those who sleep more often in a side-lying position may find
a cylindrical pillow more suitable. Additionally, for both
pillow shapes, the findings indicated the biomechanical ad-
vantage of wool as a pillow material, evidenced by reduced
neck muscle activity and acceptable levels of perceived
comfort in both supine and lateral sleeping positions. This
suggests that wool could be considered a promising material
for pillow design. However, further studies should be con-
ducted in real-world settings or incorporating more compre-
hensive evaluation methods (such as cervical alignment,
pressure distribution, and sleep quality) as well as during
long-term usage of pillows with diverse populations to
validate the current findings.

AUTHORS’ CONTRIBUTION

It is hereby acknowledged that all authors have accepted
responsibility for the manuscript's content and consented to
its submission. They have meticulously reviewed all results
and unanimously approved the final version of the manu-
script.

LIST OF ABBREVIATIONS

EMG = Electromyographic

SCM = Sternocleidomastoid

uT = Upper trapezius

VAS = Visual Analog Scale

MVC = Maximal voluntary contraction

LSD = Least significant difference
ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

The Ethics Committee of Urmia University of Medical
Sciences, Iran approved the study protocol (IR.UMSU.
REC.1397.481).

HUMAN AND ANIMAL RIGHTS
All human research procedures followed were in accor-



Influence of Pillow Shape and Content on Neck Muscular Activity

dance with the ethical standards of the committee respon-
sible for human experimentation (institutional and nati-
onal), and with the Helsinki Declaration of 1975, as rev-
ised in 2013.

CONSENT FOR PUBLICATION

Verbal informed consent was obtained from all partici-
pants involved in the study. Since the topic was not sen-
sitive and the information gathered did not pose any
adverse social or individual consequences, the Ethics
Committee approved that verbal consent was sufficient.

STANDARDS OF REPORTING
STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS

The data and supportive information are available
within the article.

FUNDING
None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

This study was supported by the Urmia University of
Medical Sciences, Iran. The authors would also like to
thank the subjects for participating in this study.

REFERENCES

[1] Vyazovskiy V. Sleep, recovery, and metaregulation: Explaining the
benefits of sleep. Nat Sci Sleep 2015; 7: 171-84.
http://dx.doi.org/10.2147/NSS.S54036 PMID: 26719733

[2] Cai D, Chen HL. Ergonomic approach for pillow concept design.
Appl Ergon 2016; 52: 142-50.
http://dx.doi.org/10.1016/j.apergo.2015.07.004 PMID: 26360205

[3] Sacco ICN, Pereira ILR, Dinato RC, Silva VC, Friso B, Viterbo SF.
The effect of pillow height on muscle activity of the neck and mid-
upper back and patient perception of comfort. ] Manipulative
Physiol Ther 2015; 38(6): 375-81.
http://dx.doi.org/10.1016/j.jmpt.2015.06.012 PMID: 26209581

[4] Poor MG, Bahraseman HG, Pouranbarani E, Sarang R, Shafieian
M, Leilnahari K. A comparative study in cervical muscle activities
during various resting postures using electromyography. Am J
Biomed Sci 2017; 9(3): 139-50.
http://dx.doi.org/10.5099/aj170300139

[5] Radwan A, Ashton N, Gates T, Kilmer A, VanFleet M. Effect of
different pillow designs on promoting sleep comfort, quality, &
spinal alignment: A systematic review. Eur J Integr Med 2021; 42:
101269.
http://dx.doi.org/10.1016/j.eujim.2020.101269

[6] Gordon SJ, Grimmer-Somers K. Your pillow may not guarantee a
good night’s sleep or symptom-free waking. Physiother Can 2011;
63(2): 183-90.
http://dx.doi.org/10.3138/ptc.2010-13 PMID: 22379258

[7]1 Pang JCY, Tsang SMH, Fu ACL. The effects of pillow designs on
neck pain, waking symptoms, neck disability, sleep quality and
spinal alignment in adults: A systematic review and meta-analysis.
Clin Biomech 2021; 85: 105353.
http://dx.doi.org/10.1016/j.clinbiomech.2021.105353 PMID:
33895703

[8] Kim HC, Jun HS, Kim JH, et al. The effect of different pillow

[15]

[22]

heights on the parameters of cervicothoracic spine segments.
Korean ] Spine 2015; 12(3): 135-8.
http://dx.doi.org/10.14245/kjs.2015.12.3.135 PMID: 26512267
Ren S, Wong DWC, Yang H, Zhou Y, Lin J, Zhang M. Effect of
pillow height on the biomechanics of the head-neck complex:
investigation of the cranio-cervical pressure and cervical spine
alignment. Peer] 2016; 4: e2397.
http://dx.doi.org/10.7717/peerj.2397 PMID: 27635354

Li X, Hu H, Liao S. Can pillow height effect the body pressure
distribution and sleep comfort: A study of quinquagenarian
women. IOP Conf Ser: Earth Environ Sci 2018; 128: 012128.
Liu SF, Lee YL, Liang JC. Shape design of an optimal comfortable
pillow based on the analytic hierarchy process method. J Chiropr
Med 2011; 10(4): 229-39.
http://dx.doi.org/10.1016/j.jcm.2011.04.002 PMID: 22654680

Kim JH, Won BH, Sim WS, Jang KS. Biomechanical effectiveness
and anthropometric design aspects of 3-dimensional contoured
pillow. ] Ergonom Soc Korea 2016; 35(6): 503-17.
http://dx.doi.org/10.5143/JESK.2016.35.6.503

Gordon SJ, Grimmer-Somers K, Trott P. Pillow use: The behaviour
of cervical pain, sleep quality and pillow comfort in side sleepers.
Man Ther 2009; 14(6): 671-8.
http://dx.doi.org/10.1016/j.math.2009.02.006 PMID: 19427257
Her JG, Ko DH, Woo JH, Choi YE. Development and comparative
evaluation of new shapes of pillows. J Phys Ther Sci 2014; 26(3):
377-80.

http://dx.doi.org/10.1589/jpts.26.377 PMID: 24707087

Gordon S, Grimmer-Somers K, Trott P. A randomized,
comparative trial: Does pillow type alter cervico-thoracic spinal
posture when side lying? J Multidiscip Healthc 2011; 4: 321-7.
http://dx.doi.org/10.2147/JMDH.S23028 PMID: 21966226

Kim JY, Park JS, Park DE. Biomechanical evaluation of the neck
and shoulder when using pillows with various inner materials. J
Ergonom Soc Korea 2011; 30(2): 339-47.
http://dx.doi.org/10.5143/JESK.2011.30.2.339

Gordon SJ], Grimmer-Somers KA, Trott PH. Pillow use: The
behavior of cervical stiffness, headache and scapular/arm pain. J
Pain Res 2010; 3: 137-45.

PMID: 21197317

Fazli F, Farahmand B, Azadinia F, Amiri A. The effect of
ergonomic latex pillow on head and neck posture and muscle
endurance in patients with cervical spondylosis: A randomized
controlled trial. J Chiropr Med 2019; 18(3): 155-62.
http://dx.doi.org/10.1016/j.jcm.2019.02.003 PMID: 32874156
Gordon SJ, Grimmer KA, Buttner P. Pillow preferences of people
with neck pain and known spinal degeneration: A pilot
randomized controlled trial. Eur ] Phys Rehabil Med 2019; 55(6):
783-91.

PMID: 31489809

Lavin RA, Pappagallo M, Kuhlemeier KV. Cervical pain: A
comparison of three pillows. Arch Phys Med Rehabil 1997; 78(2):
193-8.

http://dx.doi.org/10.1016/S0003-9993(97)90263-X PMID: 9041902
Vanti C, Banchelli F, Marino C, Puccetti A, Guccione AA,
Pillastrini P. Effectiveness of a “spring pillow” versus education in
chronic nonspecific neck pain: A randomized controlled trial. Phys
Ther 2019; 99(9): 1177-88.

http://dx.doi.org/10.1093/ptj/pzz056 PMID: 30939188

Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development
of recommendations for SEMG sensors and sensor placement
procedures. J Electromyogr Kinesiol 2000; 10(5): 361-74.
http://dx.doi.org/10.1016/S1050-6411(00)00027-4
11018445

Hermens HJ, Freriks B, Merletti R. European recommendations
for surface electromyography. Roessingh Research and
Development 1999; 8(2): 13-54.

de Koninck J, Lorrain D, Gagnon P. Sleep positions and position
shifts in five age groups: An ontogenetic picture. Sleep 1992;
15(2): 143-9.

http://dx.doi.org/10.1093/sleep/15.2.143 PMID: 1579788

PMID:


http://dx.doi.org/10.2147/NSS.S54036
http://www.ncbi.nlm.nih.gov/pubmed/26719733
http://dx.doi.org/10.1016/j.apergo.2015.07.004
http://www.ncbi.nlm.nih.gov/pubmed/26360205
http://dx.doi.org/10.1016/j.jmpt.2015.06.012
http://www.ncbi.nlm.nih.gov/pubmed/26209581
http://dx.doi.org/10.5099/aj170300139
http://dx.doi.org/10.1016/j.eujim.2020.101269
http://dx.doi.org/10.3138/ptc.2010-13
http://www.ncbi.nlm.nih.gov/pubmed/22379258
http://dx.doi.org/10.1016/j.clinbiomech.2021.105353
http://www.ncbi.nlm.nih.gov/pubmed/33895703
http://dx.doi.org/10.14245/kjs.2015.12.3.135
http://www.ncbi.nlm.nih.gov/pubmed/26512267
http://dx.doi.org/10.7717/peerj.2397
http://www.ncbi.nlm.nih.gov/pubmed/27635354
http://dx.doi.org/10.1016/j.jcm.2011.04.002
http://www.ncbi.nlm.nih.gov/pubmed/22654680
http://dx.doi.org/10.5143/JESK.2016.35.6.503
http://dx.doi.org/10.1016/j.math.2009.02.006
http://www.ncbi.nlm.nih.gov/pubmed/19427257
http://dx.doi.org/10.1589/jpts.26.377
http://www.ncbi.nlm.nih.gov/pubmed/24707087
http://dx.doi.org/10.2147/JMDH.S23028
http://www.ncbi.nlm.nih.gov/pubmed/21966226
http://dx.doi.org/10.5143/JESK.2011.30.2.339
http://www.ncbi.nlm.nih.gov/pubmed/21197317
http://dx.doi.org/10.1016/j.jcm.2019.02.003
http://www.ncbi.nlm.nih.gov/pubmed/32874156
http://www.ncbi.nlm.nih.gov/pubmed/31489809
http://dx.doi.org/10.1016/S0003-9993(97)90263-X
http://www.ncbi.nlm.nih.gov/pubmed/9041902
http://dx.doi.org/10.1093/ptj/pzz056
http://www.ncbi.nlm.nih.gov/pubmed/30939188
http://dx.doi.org/10.1016/S1050-6411(00)00027-4
http://www.ncbi.nlm.nih.gov/pubmed/11018445
http://dx.doi.org/10.1093/sleep/15.2.143
http://www.ncbi.nlm.nih.gov/pubmed/1579788

8 The Open Public Health Journal, 2025, Vol. 18

[25]

[26]

[27]

[28]

[29]

[30]

Hodkinson ]JB, Gordon SJ, Crowther RG, Buettner PG. Time to
stabilisation of the cervical spine when supported by a pillow in
side lying. Ergonomics 2013; 56(9): 1474-85.
http://dx.doi.org/10.1080/00140139.2013.819938
23875624

Kendall FP, McCreary EK, Provance PG. Muscles: Testing and
function with posture and pain. MD: Lippincott Williams & Wilkins
Baltimore 2005; 5.

Karimi Z, Allahyari T, Azghani MR, Khalkhali H. Influence of
unstable footwear on lower leg muscle activity, volume change
and subjective discomfort during prolonged standing. Appl Ergon
2016; 53(Pt A): 95-102.
http://dx.doi.org/10.1016/j.apergo.2015.09.003 PMID: 26674409
Palazzi C, Miralles R, Miranda C, et al. Effects of two types of
pillows on bilateral sternocleidomastoid EMG activity in healthy
subjects and in patients with myogenic cranio-cervical-mandibular
dysfunction. Cranio 1999; 17(3): 202-12.
http://dx.doi.org/10.1080/08869634.1999.11746096
10650408

Kiatkulanusorn S, Suato BP, Werasirirat P. Analysis of neck and
back muscle activity during the application of various pillow
designs in patients with forward head posture. J Back
Musculoskeletal Rehabil 2021; 34(3): 431-9.
http://dx.doi.org/10.3233/BMR-200038 PMID: 33492272

Lee WH, Ko MS. Effect of sleep posture on neck muscle activity. J

PMID:

PMID:

[35]

Daryushi et al.

Phys Ther Sci 2017; 29(6): 1021-4.
http://dx.doi.org/10.1589/jpts.29.1021 PMID: 28626314

Macefield VG, Knellwolf TP. Functional properties of human
muscle spindles. ] Neurophysiol 2018; 120(2): 452-67.
http://dx.doi.org/10.1152/jn.00071.2018 PMID: 29668385

Bove M, Brichetto G, Abbruzzese G, Marchese R, Schieppati M.
Neck proprioception and spatial orientation in cervical dystonia.
Brain 2004; 127(12): 2764-78.
http://dx.doi.org/10.1093/brain/awh291 PMID: 15355873

Bordoni B, Varacallo M. Anatomy, head and neck,
sternocleidomastoid muscle StatPearls. StatPearls Publishing
2021.

Hagino C, Boscariol J, Dover L, Letendre R, Wicks M. Before/after
study to determine the effectiveness of the align-right cylindrical
cervical pillow in reducing chronic neck pain severity. ]
Manipulative Physiol Ther 1998; 21(2): 89-93.

PMID: 9502063

Shields N, Capper ], Polak T. Are cervical pillows effective in
reducing neck pain? Database of Abstracts of Reviews of Effects
(DARE): Quality-assessed Reviews. UK: Centre for Reviews and
Dissemination 2006.

Jeon MY, Jeong H, Lee S, et al. Improving the quality of sleep with
an optimal pillow: A randomized, comparative study. Tohoku J Exp
Med 2014; 233(3): 183-8.

http://dx.doi.org/10.1620/tjem.233.183 PMID: 25008402


http://dx.doi.org/10.1080/00140139.2013.819938
http://www.ncbi.nlm.nih.gov/pubmed/23875624
http://dx.doi.org/10.1016/j.apergo.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/26674409
http://dx.doi.org/10.1080/08869634.1999.11746096
http://www.ncbi.nlm.nih.gov/pubmed/10650408
http://dx.doi.org/10.3233/BMR-200038
http://www.ncbi.nlm.nih.gov/pubmed/33492272
http://dx.doi.org/10.1589/jpts.29.1021
http://www.ncbi.nlm.nih.gov/pubmed/28626314
http://dx.doi.org/10.1152/jn.00071.2018
http://www.ncbi.nlm.nih.gov/pubmed/29668385
http://dx.doi.org/10.1093/brain/awh291
http://www.ncbi.nlm.nih.gov/pubmed/15355873
http://www.ncbi.nlm.nih.gov/pubmed/9502063
http://dx.doi.org/10.1620/tjem.233.183
http://www.ncbi.nlm.nih.gov/pubmed/25008402

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. METHODS
	2.1. Participants
	2.2. Instrumentation
	2.3. The Pillows
	2.4. Experimental Design and Protocol
	2.5. Data Processing
	2.6. Statistical Analysis

	3. RESULTS
	3.1. Pillow Comfort
	3.2. Muscle Activity

	4. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTION
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


