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Background: Many patients ask for advice about choosing a pillow. This research was
undertaken to determine if pillow type alters cervico-thoracic spine position when resting in
the side-lying position.

Aim: To investigate the effect of different pillow shape and content on the slope of cervico-thoracic
spine segments when side lying.

Materials and methods: The study was a randomized blinded comparative trial set in a
laboratory that replicated a bedroom. The subjects were side sleepers aged over 18 years.
Exclusion criteria were history of surgery to the cervico-thoracic spine, an injury or accident
to the cervico-thoracic spine in the preceding year, or currently receiving treatment for neck
symptoms. Each participant rested in a standardized side-lying position for 10 minutes on each
of the trial pillows: regular shaped polyester, foam, feather, and latex pillows, and a contour
shaped foam pillow. Reflective markers were placed on external occipital protuberance (EOP),
C2, C4, C7, and T3, and digital images were recorded of subjects at 0 and 10 minutes on each
pillow. Images were digitized using each reflective marker and the slope of each spinal segment
calculated. Univariate analysis of variance models were used to investigate slope differences
between pillows at 0 and 10 minutes. Significance was established at P < 0.01 to take account
of chance effects from repeated measures and multiple comparisons.

Results: At 0 and 10 minutes, the EOP-C2, C2-C4, and C4-C7 segmental slopes were sig-
nificantly different across all pillows. Significant differences were identified when comparing
the feather pillow with the latex, regular and contour foam pillows, and when comparing the
polyester and foam contour pillows. The regular and contour foam pillows produced similar
slopes at all spinal segments.

Conclusion: Cervico-thoracic spinal segment slope alters significantly when people change
from a foam, latex, or polyester pillow to a feather pillow and vice versa. The shape of a foam
pillow (contour versus regular shape) does not significantly alter cervico-thoracic spinal seg-
ment slope.
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Introduction

Many patients present with symptoms related to the cervico-thoracic spine, such
as pain, stiffness, headache, and scapular pain. Changing pillows can significantly
alter waking cervical pain and stiffness, headache, and scapular pain reports.'”
Many people appear to have made poor pillow choices, as low sleep quality, low
pillow comfort, and waking cervico-thoracic symptoms are commonly reported.®
Hence they often ask their health practitioner for advice regarding pillow selec-
tion. While it is widely believed that a pillow which holds the cervical spine in a
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“neutral” position prevents cervical waking symptoms, by
minimizing end-range positioning of spinal segments,’” 2
no information is available about how to achieve such a
position. A range of subjective recommendations regard-
ing pillow choice have been provided. These include use
of pillows of malleable consistency such as feathers,
kapok, or foam chip which provide support for the head
but avoid pushing the head into flexion or lateral flexion
and alter shape to the contours of the individual.!® People
have been advised not to use molded foam or latex pillows,
which resist comfortable indentation of body contours,*!3
to use a cervical roll in the pillow,!®!3! or to use a contour
pillow.>!* The range of advice is confusing for consum-
ers and health professionals and is not underpinned by
published scientific evidence. There has been very limited
research to understand or assess the effect of different
pillow types on cervical spine posture, and appropriate
recommendations cannot be made unless the manner in
which the spine responds to specific pillow content and
shape are better understood.

As side lying is the most common adult sleeping
position,'® studies investigating how pillows support
the cervical spine should focus firstly on this position.
Presumably, stabilization of cervical spine position in the
side-lying position will occur when the pillow and mattress
have compacted in response to mass and spinal creep has
occurred. Previous research has identified that in the side-
lying position on a firm examination plinth, 10 minutes is
required for stabilization of cervical spine position when
lying on pillows of various filler."”

This paper reports the effect of five different pillow
types on the slope of cervico-thoracic spine segments,
over 10 minutes, when resting in a standardized side-
lying position. Our hypotheses were that each pillow would
support cervico-thoracic spine segments differently at 0 and
10 minutes and that the change in slope of cervico-thoracic
spinal segments over 10 minutes would be different for each
pillow type.

Materials and methods
Ethics

Ethical approval was provided by the Human Research Ethics
Committee of the University of South Australia.

Study design

The study was a laboratory-based, randomized, blinded
comparative trial in which subjects acted as their own
control.

Participants

Sample size

Sample size was calculated for gender—age clusters using
validated software, applying a repeated intervention design
formula with power of 80%, alpha of 5%.'® Age clusters
were young (<40 years), middle (40-59 years), and old
(60+ years). A minimum of 12 subjects was required in each
of six age—gender clusters.

Setting and sampling

All subjects came from a large South Australian regional
city, whose population was similar to the South Australian
demographic profile at the time.'** Subjects were initially
invited in the six gender—age clusters from subjects randomly
selected from the register of an earlier population study on
pillows.?! Where clusters remained incomplete after this
invitation, volunteers were recruited via local newspaper
advertisements.

Inclusion criteria

Side-sleepers aged over 18 years were recruited. Exclusion
criteria were history of cervico-thoracic spine surgery,
an injury or accident to the cervico-thoracic spine in the
preceding year, or currently receiving treatment for neck

symptoms.

Intervention

Five pillows were tested, these being the most commonly
reported in our earlier community telephone survey.! New
pillows were procured for the trial: polyester, synthetic
fiber fill provided by the Tontine Group (Brunswick East,
VIC, Australia); foam regular shape (Comfort Classic) and
foam contour shape (Medi Rest), both supplied by Dentons
Pty Ltd (Wantirna South, VIC, Australia) and molded from
the same high density foam; Dunlopillo® (Hilding Anders,
Huntingdon, England, UK) latex pillows provided by the
University of South Australia; and feather pillows purchased
by the principal author from Target Australia Pty, Ltd. Pillow
suppliers were independent of the study conduct and inter-
pretation and reporting of results.

The depth of the foam regular pillow was 120 mm, the
foam contour pillow varied between 120 and 142 mm across
the contour, the latex pillow was 115 mm, the feather pillow
was 120 mm, and the polyester pillow was 118 mm.

De-identification
To assist blinding of measurers and subjects, the trial pillows
were de-identified as much as possible by removing pillow
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labels and covering pillows with pillowcases of the same
brand and color.

Procedures

The laboratory consisted of four measurement cubicles,
each containing an identical single bed innerspring ensemble
(Aussie Mate ensemble; Adriatic Slumber Bedding, Dry
Creek, South Australia), and a digital camera mounted on
a tripod placed parallel to, and 1 m from, the participant’s
neck. A spirit level was used to align the camera to neutral
in both the vertical and horizontal planes before taking each
photograph. Pillow order was randomized by ballot for each
participant.

Instructions and test position

Preparation

Participants agreed not to perform any unusual exercise/
activities in the days prior to testing. No “limbering up”
exercises were given prior to testing, and the pillow position
was standard for everyone. Participants were permitted to
sit up briefly to stretch and move their neck between each
pillow trial.

Test position

Participants assumed a standardized right-side-lying position
with their head resting on the pillow, both arms placed at 45°
in front of the trunk with their knees flexed together at 90°,
and the hips bent at 60° to the trunk. A self-adhesive reflective
marker of 5 mm diameter (made with a standard paper hole
punch) was placed on a headband placed over the external
occipital protuberance (EOP) and on the spinous processes
of C2, C4, C7, and T3.

Intervention administration

Subjects attended for one 90-minute session, and tested every
trial pillow. Administration order was randomized by ballot
for every subject by a nonblinded research assistant, who
then administered the trial.

Test time
Subjects lay on each trial pillow for 10 minutes. They could
sit up briefly to stretch between each pillow trial.

Validity and accuracy of marker placement

A preliminary test established the accuracy of the principal
researcher’s external placement of markers on spinous
processes in side-lying. Two experienced physiotherapists
(SJG, PHT) palpated the spinous processes of C4, C7, and

T3 on six participants, and marked each anatomical point by
felt-tip pen (total 18 points). The accuracy of the marker posi-
tions was then verified by an experienced sonographer using
portable diagnostic ultrasonography. The preliminary data
were analyzed before commencing the trial, by calculating
the percentage agreement between the 18 ultrasonographic
positions and the marker placements.

Outcome measure
A digital image was recorded at the start and end of the
pillow trial (0 and 10 minutes). The position of each landmark
was digitized from each image using ImageTool software
(Department of Dental Diagnostic Science, The University
of Texas Health Science Center, San Antonio, TX). To ensure
inter-assessor reliability of digitized coordinates, 30 land-
marks were digitized by the two assessors. The correlation
coefficient for the x-coordinate digitization was 0.92 and for
the y-coordinate digitization, 0.94. The linear coordinates
from each landmark were used to calculate intersegmental
slopes relative to horizontal using the formula: (y, -y )/
(x, — X))

For example, using the EOP-C2 segment, slope was cal-

culated as (Y., = Ypop)/ (X, — Xgp)- The direction of slope was

EOP
indicated by a positive or neg;tive sign (+ or —). A negative
value indicated that the more proximal landmark of the
segment (eg, EOP in the example above) was higher than
the distal landmark (eg, C2 spinous process). Conversely, a
positive value indicated that the distal landmark of the seg-

ment was higher than the proximal landmark.

Statistical analysis

The mean, range, and standard deviation of each segmental
slope at 0 and 10 minutes, and change in slope over this
time, were calculated. Differences in change in segmental
slope between pillows at 0 and 10 minutes, and over the
10-minute pillow trial were assessed using univariate analysis
of variance (ANOVA) models. Significance was established
at P < 0.01 to take account of chance effects from repeated
measures and multiple comparisons.

Results
Pilot study

There was 94% overall agreement between researcher
palpated spinous processes and their ultrasonographic
identification in side lying. Agreement was similar for each
anatomical point. This confirmed the validity of external
palpation to mark landmarks on spinous processes of the
cervical spine in side lying by the researchers (SJG, PT).
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Photographic study

Participants

A total of 95 subjects participated (86 from the earlier study
register, and nine from newspaper advertisements).

Slope at 0 minutes

The ANOVA models identified significant differences
in EOP-C2, C2-C4, and C4-C7 segmental slopes when
comparing individuals lying on each pillow (see Table 1
and Figure 1). Generally, the extremes of mean slope mea-
sure occurred when resting on the feather and foam contour
pillows.

Slope at 10 minutes

The ANOVA models also identified significant differences
in EOP-C2, C2-C4, and C4-C7 segmental slopes when
comparing individuals lying on each pillow at 10 minutes

(see Table 2 and Figure 2). The slopes were similar for the
regular foam and latex pillows, indicating similar support
provided to spinal segments by these pillows. The extremes
of mean slope measure again occurred when resting on the
feather and foam contour pillows.

At 0 and 10 minutes, for all segments, pillows filled
with particulate matter (polyester and feather) (“soft” pil-
lows), produced spinal slope distributions which were more
positive (the distal landmark was higher than the proximal
landmark) than the other pillows, which had more solid filler
(foam and latex).

Slope change

Most segmental slopes changed less than 0.01 units over
10 minutes (see Table 1 and Figure 3). However overall, there
was no significant difference in slope change at any spinal
segment over 10 minutes when comparing pillows.

Table | Mean, standard deviation, and minimum and maximum values of slope at 0 and 10 minutes and the change in slope over
10 minutes, for each segment on each pillow

N  Slope time 0 N Slope time 10 Slope change
Mean SD Min Max Mean SD Min Max Mean SD

EOP-C2
Polyester 95  -0.097 0.176 -0.485 0476 95 —0.101 0.201 -0.634 0.467 —0.008 0.151
Foam regular 95  -0.173 0.169 -0594 0304 94 —0.164 0.193  —0.640 0514 0.011 0.098
Foam contour 95 -0.160 0.168 -0611 0238 93 -0.160 0.184 -0.630 0.270 0.004 0.089
Feather 92 -0.064 0.173 -0545 0423 91 -0.070 0.175 -0.478 0.400 —0.004 0.099
Latex 94  -0.147 0.184 0694 0385 93 _0.133 0.177 -0.541 0.346 0.015 0.099
Significance of pillow effect P < 0.0001 P =0.002 P=0.558
C2-C4
Polyester 95 -0.037 0223 -0636 0.652 95 -0.047 0.198 -0.727 0353 —0.009 0.143
Foam regular 94 -0.118 0218 -0.800 0.500 94 -0.105 0.214 -0.700 0.500 0.012 0.129
Foam contour 94  -0.144 0218 -0900 0278 94 —0.152 0219 -0909 0313 —0.008 0.143
Feather 92 0.0I5 0.199 -0462 0438 91 0.010 0213 -0.727 0412 —0.005 0.113
Latex 93  -0.102 0244 —1.111 0438 93 -0.098 0216 —1.000 0.533 0.004 0.130
Significance of pillow effect P < 0.0001 P < 0.0001 P=0.076
C4-C7
Polyester 95 0.008 0264 -0647 0722 94 0.012 0271 -0.882 0.654 0.004 0.146
Foam regular 94  -0.037 0263 -0.765 0.563 94 —0.036 0.275 -0.677 0.706 0.001 0.162
Foam contour 94 -0.088 0269 -0.765 0.625 93 -0.120 0.269 -0.714 0.600 —0.030 0.117
Feather 92 0.052 0268 -0476 0875 91 0.046 0282 -—0.633 0833 —0.006 0.145
Latex 93  -0.043 0282 -1.000 0864 93 -0.041 0303 —[.118 0.905 0.003 0.133
Significance of pillow effect P=0.001 P =0.001 P=091
C7-T3
Polyester 95 -0.285 0.162 -0656 0322 94 —0.282 0.171  -0.600 0.345 0.006 0.077
Foam regular 94  -0.299 0.151 -0.556 0.063 94 -0.305 0.289 -0.674 0.167 —0.006 0.234
Foam contour 94  -0.329 0.161 -0760 0.I55 93 -0333 0.161 -0.741 0.288 —0.0002 0.060
Feather 92 0275 0.177 -0.608 0439 91 —-0253 0.018 -0.604 0.230 0.024 0.472
Latex 93  -0.298 0.181 -0.750 0.234 93 -0.289 0.178 -0.722 0.2679  0.009 0.092
Significance of pillow effect P=023 P=0.03 P=0.13

Notes: The P values for pillow effect per segment for Time 0 and Time 10, and for the slope change between time periods, are reported as P values; significant P values are bold.
Abbreviations: N, number; SD, standard deviation.
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Figure | Mean slope at zero minutes, for each spinal segment.

Comparing the segmental slopes between pairs

of pillows at 10 minutes

Side lying on the feather pillow resulted in significantly dif-
ferent slopes at C2-C4, C4-C7, and C7-T3 when compared
with the foam contour pillow, at EOP-C2 and C2-C4 when
compared with the regular foam pillow, and at C2-C4 when
compared with the latex pillow. Side lying on the polyester
pillow resulted in significantly different slopes at C2-C4
and C4-C7 when compared with the contour foam pillow.
The slope of the C2-C4 spinal segment appears to be the
most sensitive to change in pillow type. The foam regular,
foam contour, and latex pillows support each segment of
the spine in a similar manner as do the polyester and feather
pillows.

Discussion

This paper reports the largest known study of the effect of
pillow shape and filler on cervico-thoracic posture in the
side-lying position. Pillows of different content and shape
supported each spinal segment in a significantly different
manner at 0 and 10 minutes. However, no significant dif-
ference was found in the change in slope over 10 minutes
between pillows included in this study. This suggested that
all pillows in this study, irrespective of content and shape,
altered in the support they provided to the head and neck
in a similar manner over 10 minutes. Slope changes
over 10 minutes were small on every pillow, suggesting
that spinal creep, mattress, and pillow deformation were
negligible.

As both foam pillows were made of the same foam (dif-
fering only in shape), any variation in the support provided
to the cervico-thoracic spine could be attributed to shape
alone. The foam contour pillow produced steeper (although
nonsignificant) slopes at each spinal segment compared with
the foam regular pillow. Thus there is no evidence to support
the recommendation of a foam contour pillow over a foam

Table 2 T-test confidence limits and P values comparing spinal
segment slopes for pairs of pillows at 10 minutes

Segment CL P
Polyester and regular EOP-C2 0.0l to 0.17 0.023
foam C2-C4 —0.006 to 0.16 0.07
C4-C7 —0.13 to 0.03 0.34
C7-T3 —0.13 to 0.07 0.54
Regular and contour EOP-C2 -0.1 to 0.04 0.48
foam C2-C4 —0.04 to 0.1 0.33
C4-C7 —0.0l to 0.2 0.07
C7-T3 -0.03to0 0.16 0.2
Contour foam EOP-C2 —0.15 to —0.01 0.02
and feather C2-C4 —0.27 to —0.11 < 0.0001
C4-C7 —0.28 to —0.07 0.002
C7-T3 —0.16 to —0.04 0.002
Feather and latex EOP-C2 -0.01 t0 0.13 0.09
C2-C4 0.06 to 0.24 0.001
C4-C7 —0.03 to 0.2 0.14
C7-T3 —0.02 to 0.12 0.14
Polyester and contour ~ EOP-C2 —0.005 to 0.13 0.07
foam C2-C4 0.04 to 0.19 0.004
C4-C7 0.05 to 0.25 0.005
C7-T3 —0.02 to 0.09 0.26
Polyester and feather EOP-C2 —0.1 to 0.06 0.6
C2-C4 —0.17 to 0.01 0.09
C4-C7 —0.14 to 0.09 0.63
C7-T3 —0.13 to —0.005 0.03
Polyester and latex EOP-C2 -0.3t0 0.11 0.24
C2-C4 —-0.0l to 0.16 0.08
C4-C7 —0.05t0 0.17 0.3
C7-T3 —0.8 to 0.05 0.6
Regular foam EOP-C2 -0.19 to —0.03 0.007
and feather C2-C4 -0.24 to —0.07 0.0008
C4-C7 —-0.2 to 0.03 0.16
C7-T3 —0.14 to 0.07 0.5
Regular foam EOP-C2 -0.12 to 0.02 0.2
and latex C2-C4 -0.09 to 0.08 0.96
C4-C7 —0.1 to 0.12 0.91
C7-T3 —0.09 to 0.11 0.78
Contour foam EOP-C2 -0.9 to 0.42 0.5
and latex C2-C4 -0.12 to 0.04 0.31
C4-C7 —0.19 to 0.02 0.1
C7-T3 —0.11 to 0.01 0.13

Note: Significant findings (P < 0.01) are bold.
Abbreviation: CL, confidence limit.

regular pillow to achieve a neutral cervico-thoracic spine
posture in side sleepers. Further research using different
depths of contour is indicated.

The widest slope range at 10 minutes occurred at the
C2-C4 and C4-C7 spinal segments, highlighting the vulner-
ability of these segments to slope change, and their usefulness
in assessing the form of the cervical spine related to pillow
performance. This may be explained by the kinematics of the
cervical spine, where the EOP-C2 and C7-T3 segments are
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Figure 2 Mean slope at |0 minutes for each spinal segment, for each pillow.

relatively inflexible in frontal plane movements compared
with the C2-C4 and C4-C7 spinal segments.

The more positive slope distributions produced by the
“soft” pillows, compared with the more negative distribu-
tions of the pillows with more solid filler (foam and latex)
resulted in the “soft” pillows generally supporting the dis-
tal landmark of any segment in a higher position than the
proximal landmark, whereas the firmer pillows supported the
proximal landmark in a higher position than the distal one
of the segment. This difference should be investigated with
respect to waking symptom production, pillow comfort, and
sleep quality on different pillows.

The strengths of this study included the replication of a
real-life sleeping environment by using a common ensemble
mattress as the base. By having a large sample of subjects acting
as their own controls, the study has identified robust within-
subject changes on different pillows over time. Limitations
include that subjects were resting rather than sleeping, and
no information is currently available regarding differences in
cervico-thoracic muscle function between resting and sleeping
on a pillow. The study period (10 minutes) was based on
previous research which assessed the stabilization of spinal
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Figure 3 Mean change in slope over 10 minutes for each spinal segment, for each pillow.

segments when lying on a firm examination couch.'” The use
of a less firm innerspring mattress in this study may have
altered the time required for stabilization of spinal position
on each pillow. While the starting position of participants was
standardized, the scapular position over the 10 minutes was
not controlled, and this should be considered in future studies.
Further research considering anthropometry, pillow type,
support surfaces, and spinal slope is required. Future research
should explore methods to allow assessment of movement and
posture of the cervico-thoracic spine in other planes.

A previous report of cervico-thoracic spine posture on
x-ray in relation to contour pillow use in the supine position
used a sample of one.” All other identified pillow studies
have used subjective measures to investigate the relationship
between contour-shaped pillows and pillow comfort and neck
symptoms*** 2 or compared contour and regular-shaped
pillows.*>22 No previous research has quantified or described
the effect of pillow type on cervico-thoracic spine posture.

Conclusion

The pillow is only one factor which contributes to sleep quality
and waking symptoms.?*?’ This research, however, indicates
that if people are using a similar foam, latex, or polyester pillow
as used in this research, the support provided by the pillow will
alter significantly if they change to a feather pillow and vice
versa. Many health practitioners are asked specifically about
contour pillow use, and the results of this study do not indicate
that the contour foam pillow supports the cervico-thoracic spine
any differently to a regular shaped foam pillow when side lying.
Further research is required to assess the effect of different
contour pillow depth and their use in the supine position.
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