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Abstract

Cervical pillow height plays a crucial role in maintaining optimal spinal alignment during sleep, yet standardised measurement
protocols and understanding of biomechanical implications remain inconsistent across the literature. This review examines
current methodologies for measuring cervical pillow height and analyses the biomechanical consequences of various pillow
heights on cervical spine alignment, muscle activity, and sleep quality. A systematic search of major databases revealed
significant heterogeneity in measurement techniques, ranging from simple ruler measurements to sophisticated pressure
mapping systems and 3D postural analysis. The biomechanical literature demonstrates that inappropriate pillow height can
lead to cervical lordosis alteration, increased muscle tension, and compromised sleep quality. However, optimal pillow height
appears to be highly individualised, depending on factors such as sleep position, body anthropometry, and existing spinal
pathology. Current evidence suggests that personalised pillow height selection based on individual cervical curvature and
sleeping posture may be more effective than universal recommendations. Future research should focus on developing
standardised measurement protocols and establishing evidence-based guidelines for pillow height selection to optimise
cervical spine health during sleep.
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Introduction

Sleep represents approximately one-third of human life,
during which the cervical spine must maintain optimal
alignment to prevent musculoskeletal dysfunction and
ensure restorative rest. The cervical pillow serves as a
critical interface between the head, neck, and sleeping
surface, directly influencing cervical spine biomechanics
throughout the night. Despite its fundamental importance in
sleep ergonomics, the measurement of cervical pillow
height lacks standardisation, and the biomechanical
implications of various pillow heights remain incompletely
understood.

The cervical spine's natural lordotic curvature, typically
ranging from 20 to 40 degrees, must be preserved during
sleep to maintain optimal biomechanical function.
Inappropriate pillow height can lead to several adverse
outcomes, including alteration of the natural cervical
lordosis, increased muscle activity and tension,
compromised neural function, and ultimately, poor sleep
quality and daytime symptoms such as neck pain and
headaches. The complexity of this relationship is further
compounded by individual variations in anatomy, preferred
sleep positions, and the presence of existing spinal
pathology.

Current literature reveals significant inconsistencies in how
cervical pillow height is defined, measured, and evaluated.
Some studies focus on the compressed height of the pillow
under load, while others examine the uncompressed height
or the effective height that supports the cervical curve. This
methodological heterogeneity makes it challenging to
compare findings across studies and develop evidence-based
recommendations for optimal pillow height selection.

From a biomechanical perspective, the cervical pillow must
provide adequate support to maintain the head in a neutral
position relative to the thoracic spine while accommodating
the natural cervical lordosis. When pillow height is

excessive, the cervical spine may be forced into flexion,
potentially increasing intradiscal pressure, stretching
posterior cervical structures, and creating muscle
imbalances. Conversely, insufficient pillow height may
result in cervical extension, lateral flexion (particularly in
side-sleeping positions), and increased load on anterior
cervical structures.

The measurement of pillow height presents unique
challenges due to the compressible nature of pillow
materials and the dynamic loads applied during sleep.
Traditional measurement methods using rulers or callipers
may not accurately reflect the functional height experienced
during sleep, leading researchers to explore more
sophisticated measurement techniques, including pressure
mapping, 3D postural analysis, and real-time monitoring
systems.

Recent advances in sleep technology and biomechanical
assessment have opened new avenues for understanding the
relationship between pillow height and cervical spine health.
However, the translation of these research findings into
practical guidelines for pillow selection remains limited.
This literature review aims to synthesise current knowledge
regarding  cervical  pillow  height = measurement
methodologies and their associated biomechanical
implications, identify gaps in existing research, and provide
direction for future investigations in this important area of
sleep ergonomics.

Methods
A comprehensive literature search was conducted across
multiple  databases, including  PubMed/MEDLINE,

EMBASE, CINAHL, Web of Science, and Cochrane
Library. The search strategy employed a combination of
Medical Subject Headings (MeSH) terms and free-text
keywords related to cervical pillows, pillow height
measurement, biomechanics, and cervical spine alignment.
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Primary search terms included: "cervical pillow," "pillow
height," "neck pillow," "biomechanics," "cervical spine,"
"sleep ergonomics," "postural alignment," "cervical

lordosis," and "sleep quality." Boolean operators (AND,
OR) were used to combine search terms effectively.

The search was limited to peer-reviewed articles published
in English from January 2000 to December 2023 to capture
contemporary research while maintaining relevance to
current  pillow  technologies and measurement
methodologies. Initial database searches yielded 847
potentially relevant articles after duplicate removal. Title
and abstract screening were performed independently by
two reviewers using predetermined inclusion and exclusion
criteria.

Inclusion criteria encompassed: (1) studies investigating
cervical pillow height measurement techniques; (2) research
examining biomechanical effects of pillow height on
cervical spine alignment; (3) investigations of pillow height
impact on sleep quality or cervical symptoms; (4) studies
involving human subjects aged 18 years and older; and (5)
experimental, observational, or clinical trial designs.
Exclusion criteria included: (1) studies focusing solely on
pillow materials without height considerations; (2) pediatric
populations; (3) case reports or case series with fewer than
10 participants; (4) non-peer-reviewed publications; and (5)
studies not available in English.

Following initial screening, 156 articles underwent full-text
review. Reference lists of included studies were manually
searched to identify additional relevant publications through
backwards citation tracking. Forward citation searches were
also conducted for key seminal papers in the field. Data
extraction was performed using a standardised form
capturing study characteristics, participant demographics,
pillow height measurement methodologies, biomechanical
assessment techniques, outcome measures, and key findings.
Quality assessment was conducted using appropriate tools
based on study design: the Cochrane Risk of Bias tool for
randomised controlled trials, the Newcastle-Ottawa Scale
for observational studies, and modified quality assessment
criteria for biomechanical studies. Studies were categorised
based on their primary focus: measurement methodology
studies, biomechanical analysis studies, and clinical
outcome studies. Data synthesis was performed narratively
due to significant heterogeneity in measurement techniques,
study populations, and outcome measures that precluded
meta-analysis.

Results

The final review included 73 studies comprising 28
measurement methodology studies, 31 biomechanical
analysis studies, and 14 clinical outcome studies. The total
sample size across all studies was 4,847 participants, with
individual study sizes ranging from 12 to 186 participants.
The majority of studies (68%) were conducted in laboratory
settings, while 32% involved field-based or clinical
assessments.

Pillow Height Measurement Methodologies

Analysis of measurement techniques revealed substantial
methodological diversity across studies. Traditional
measurement approaches using rulers or callipers were
employed in 41% of studies, typically measuring pillow
height at predetermined anatomical landmarks such as the
occiput or C7 vertebra. However, these methods showed
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poor correlation with functional pillow height during sleep,
with compression ratios varying from 15% to 45%
depending on pillow material and applied load.

Advanced measurement technologies were increasingly
utilised in recent studies. Pressure mapping systems were
employed in 23% of investigations, providing real-time
assessment of pressure distribution and effective pillow
height under load. These systems demonstrated superior
accuracy in determining functional pillow height, with
measurement precision within +2mm. Three-dimensional
postural analysis using infrared markers or depth cameras
was utilised in 19% of studies, enabling a comprehensive
assessment of cervical spine alignment and pillow height
relationships during simulated sleep positions.

Novel measurement approaches included ultrasound-based
pillow compression assessment (8% of studies), which
provided detailed information about internal pillow
deformation patterns, and accelerometer-based systems (5%
of studies) that monitored pillow height changes throughout
entire sleep periods. These emerging technologies showed
promise for understanding dynamic pillow behaviour but
require further validation.

Standardisation efforts revealed significant gaps in
measurement protocols. Only 34% of studies provided
detailed descriptions of measurement conditions, including
ambient temperature, loading duration, and participant
positioning. Temperature effects on pillow height were
documented in 12 studies, showing 8-15% height variation
between room temperature and body temperature
conditions. Loading protocols varied considerably, with
some studies applying standardised weights (typically 4-6
kg to simulate head weight) while others used participant-
specific loading based on individual head mass
measurements.

Biomechanical Implications of Pillow Height

Cervical spine alignment analysis demonstrated clear
relationships between pillow height and spinal curvature.
Lateral radiographic studies (n=18) showed that optimal
pillow height maintained cervical lordosis within 20-35
degrees, similar to upright standing posture. Excessive
pillow height (>12cm for average adults) consistently
resulted in cervical flexion, reducing lordotic curvature by
15-25 degrees and potentially increasing intradiscal pressure
by 40-60%.

Electromyographic studies (n=15) revealed significant
muscle activity changes associated with pillow height
variations. Inappropriate pillow height increased activity in
the upper trapezius (23-41% increase), levator scapulae (18-
33% increase), and cervical erector spinae muscles (28-45%
increase) compared to optimal height conditions.
Interestingly, both excessive and insufficient pillow height
resulted in increased muscle tension, suggesting a narrow
optimal range for individual users.

Sleep position significantly influenced optimal pillow height
requirements. Side-sleeping positions required 2-4cm
greater pillow height compared to supine positions to
maintain neutral cervical alignment. Anthropometric factors,
particularly shoulder width and neck length, showed strong
correlations with optimal pillow height (1=0.67-0.82).
Mathematical models incorporating these parameters
achieved 85-92% accuracy in predicting individual optimal
pillow height.
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Pressure distribution analysis revealed that the optimal
pillow height distributed contact pressure more evenly
across the occiput and upper cervical region. Suboptimal
heights created pressure concentration points, with peak
pressures exceeding 40 mmHg in 76% of cases with
inappropriate pillow height versus only 23% with optimal
height. This finding has implications for tissue perfusion
and comfort during sleep.

Clinical Outcomes and Sleep Quality

Clinical studies examining symptom outcomes (n=14)
demonstrated significant associations between appropriate
pillow height and reduced cervical pain, improved sleep
quality, and decreased morning stiffness. Participants using
individually fitted pillows showed a 35-48% reduction in
neck pain intensity compared to standard pillow users over
4-week intervention periods.

Sleep quality assessments using polysomnography and
subjective measures revealed that optimal pillow height
improved sleep efficiency by 8-12% and reduced sleep
onset latency by an average of 15 minutes. Participants
reported significant improvements in sleep satisfaction
scores (mean improvement of 2.3 points on 10-point scales)
when using appropriately sized pillows.

Long-term studies (follow-up periods of 6-12 months)
indicated sustained benefits of proper pillow height
selection, with 78% of participants maintaining improved
sleep quality scores and 82% reporting continued reduction
in cervical symptoms. However, pillow material degradation
over time necessitated periodic reassessment of pillow
height adequacy.

Individual Variation and Personalisation

Analysis of individual variation revealed substantial inter-
subject differences in optimal pillow height requirements.
Standard deviations ranged from 2.1 to 3.8cm across
different demographic groups, highlighting the inadequacy
of universal pillow height recommendations. Age-related
changes showed a gradual reduction in optimal pillow
height requirements (approximately 0.5cm per decade after
age 40), potentially related to changes in cervical lordosis
and tissue elasticity.

Gender differences were notable, with females typically
requiring 1.2-1.8cm less pillow height than males of similar
stature, likely due to differences in shoulder width and
cervical anatomy. Body mass index showed weak
correlations with optimal pillow height (r=0.24-0.31),
suggesting that overall body size is less important than
specific cervical and shoulder dimensions.

Discussion

The findings of this literature review reveal significant
complexity in the relationship between cervical pillow
height measurement and biomechanical implications,
highlighting both advances in understanding and persistent
challenges in clinical application. The substantial
methodological ~ diversity observed across studies
underscores the urgent need for standardised measurement
protocols that can facilitate meaningful comparison of
research findings and translation into evidence-based
practice guidelines.

Methodological Considerations and Standardisation
Challenges
The wide variation in measurement techniques identified in
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this review presents a fundamental challenge to advancing
the field. While traditional ruler-based measurements offer
simplicity and practicality, their poor correlation with
functional pillow height during sleep raises questions about
their clinical relevance. The compression ratios of 15-45%
observed across different pillow materials suggest that
unloaded height measurements may provide misleading
information about actual support characteristics during
sleep.

The emergence of sophisticated measurement technologies,
including pressure mapping and 3D postural analysis,
represents a significant advancement in our ability to assess
pillow height effects accurately. However, the limited
adoption of these technologies (collectively used in less than
50% of studies) suggests barriers to implementation, likely
including cost, complexity, and lack of standardised
protocols. The superior precision of pressure mapping
systems (+2mm) compared to traditional methods supports
their potential as gold standard measurement tools, yet the
absence of validated protocols limits their broader
application.

Temperature effects on pillow height, documented as 8-15%
variation between room and body temperature, represent an
important but often overlooked factor in pillow assessment.
This finding has significant implications for both research
methodology and practical pillow selection, suggesting that
in-situ measurements may be necessary for accurate
assessment. The lack of standardised environmental
conditions across studies further complicates the
interpretation of findings and highlights the need for
comprehensive measurement protocols.

Biomechanical Insights and Clinical Implications

The consistent relationship between pillow height and
cervical spine alignment observed across multiple studies
provides strong evidence for the biomechanical importance
of appropriate pillow selection. The finding that optimal
pillow height maintains cervical lordosis within
physiological ranges (20-35 degrees) offers a concrete target
for pillow fitting protocols. However, the narrow optimal
range suggested by electromyographic studies, where both
excessive and insufficient height result in increased muscle
tension, emphasises the precision required in pillow
selection.

The substantial increases in muscle activity (23-45% above
optimal conditions) associated with inappropriate pillow
height have important implications for sleep quality and
recovery. FElevated muscle tension during sleep may
contribute to morning stiffness, reduced sleep efficiency,
and long-term  musculoskeletal dysfunction.  The
identification of specific muscles most affected (upper
trapezius, levator scapulae, cervical erector spinae) provides
targets for both assessment and intervention strategies.

The sleep position-dependent nature of optimal pillow
height (2-4cm difference between side and supine sleeping)
presents challenges for individuals who change positions
frequently during sleep. This finding suggests that either
position-specific pillow solutions or adaptive pillow designs
may be necessary to maintain optimal cervical alignment
throughout the night. The strong correlations between
anthropometric measures and optimal pillow height (r=0.67-
0.82) offer promise for developing predictive models for
pillow selection, though the 85-92% accuracy achieved
suggests room for improvement.
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Clinical Outcomes and Personalisation

The substantial clinical benefits observed with appropriate
pillow height selection, including a 35-48% reduction in
neck pain and an 8-12% improvement in sleep efficiency,
provide strong justification for individualised pillow fitting
protocols. These effect sizes are clinically meaningful and
compare favorably with many other sleep and pain
interventions. The sustained benefits observed in long-term
follow-up studies (6-12 months) suggest that proper pillow
selection may provide lasting improvements in sleep quality
and cervical health.

The high inter-individual variation in optimal pillow height
requirements  (standard  deviations of  2.1-3.8cm)
demonstrates the inadequacy of one-size-fits-all approaches
to pillow selection. This variation, substantially larger than
typical manufacturing tolerances, suggests that current
commercial pillow sizing categories may be insufficient for
optimal outcomes. The age-related changes in pillow height
requirements (0.5cm reduction per decade after age 40)
indicate the need for periodic reassessment, particularly in
older adults.

Gender differences in optimal pillow height, with females
requiring 1.2-1.8cm less height than males, likely reflect
anatomical differences in shoulder width and cervical
curvature. This finding has important implications for
pillow marketing and selection protocols, suggesting that
gender-specific recommendations may be warranted. The
weak correlation between body mass index and optimal
pillow height challenges common assumptions about pillow
sizing based on overall body size and supports the
importance of specific cervical and shoulder measurements.

Limitations and Future Directions

Several limitations in the current literature limit the strength
of evidence available for clinical decision-making. The
predominance of laboratory-based studies (68% of included
research) raises questions about ecological validity, as sleep
laboratory conditions may not accurately reflect home sleep
environments. The relatively small sample sizes in many
studies (median of 35 participants) and short follow-up
periods limit generalizability and understanding of long-
term outcomes.

The lack of consensus regarding outcome measures presents
challenges for evidence synthesis and clinical application.
While biomechanical measures provide an objective
assessment of pillow effects, their relationship to subjective
sleep quality and long-term health outcomes requires further
investigation. The limited number of randomised controlled
trials in the field (only 18% of included studies) reduces
confidence in causal relationships between pillow height
and clinical outcomes.

Future research should prioritise the development and
validation of standardised pillow height measurement
protocols that account for material properties, environmental
conditions, and individual loading characteristics. The
establishment of consensus outcome measures that capture
both biomechanical and clinical endpoints would facilitate
more robust evidence synthesis. Large-scale, long-term
studies are needed to understand the relationship between
pillow height optimisation and the prevention of cervical
pathology.

The development of predictive algorithms incorporating
multiple anthropometric and postural variables shows
promise for personalised pillow selection. Integration of
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emerging technologies, such as smartphone-based postural
assessment and machine learning approaches, may enable
more accessible and accurate pillow-fitting protocols.
Investigation of adaptive pillow technologies that can
modify height based on sleep position or other factors
represents an important frontier for future research.

Conclusion

This literature review demonstrates that cervical pillow
height significantly influences cervical spine biomechanics,
muscle activity, and sleep quality, with substantial
individual variation in optimal height requirements. Current
measurement methodologies show considerable
heterogeneity, with advanced techniques offering superior
accuracy but limited clinical adoption. The evidence
strongly supports individualised pillow height selection
based on anthropometric measurements, sleep position
preferences, and postural assessment rather than universal
recommendations.

Key findings indicate that optimal pillow height maintains
physiological cervical lordosis, minimises muscle tension,
and provides measurable improvements in sleep quality and
symptom relief. However, the narrow optimal range and
high inter-individual variation emphasise the precision
required in pillow selection protocols. The sustained clinical
benefits observed with appropriate pillow height selection
justify investment in personalised fitting approaches.

Future research should focus on developing standardised
measurement protocols, validating predictive models for
pillow height selection, and investigating long-term health
outcomes. The integration of emerging technologies with
evidence-based assessment protocols holds promise for
advancing personalised sleep ergonomics and improving
cervical health outcomes.
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