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Abstract
Introduction: Sleep biomechanics traditionally emphasize static parameters like loft or material composition. This investigation
examined dynamic nocturnal cranio-thoracic alignment decay (rate of neck movement) and pillow compression percentage in
relation to functional impairment.
Methods:
Sixty participants underwent overnight kinematic tracking utilizing a calibrated smartphone sensor fixed via an elastic headband.
Angular deviations across pitch and roll were captured continuously to evaluate nocturnal displacement velocity.Pillow
compression percentage was quantified via standardized pre- and post-sleep photogrammetry. Cervical musculoskeletal
dysfunction was determined using the validated Neck Disability Index (NDI). Bivariate associations were analyzed via two-tailed
Pearson correlation coefficients. Results: The cohort (mean age 40.38 + 10.94 years; mean height 169.83 + 8.64 cm; mean body
mass 73.15 + 7.72 kg) exhibited significant kinematic variations. The rate of neck movement demonstrated an almost perfect
positive linear correlation with functional disability scores (r =.999, p <.001). Pillow compression percentage exhibited a moderate
positive correlation with functional disability scores (r =.547, p <.001) and with the dynamic rate of movement (r =.545, p <.001).
Conclusions: Dynamic postural degradation during nocturnal resting periods correlates significantly more robustly with self-
reported functional impairment than passive structural pillow deformation alone. Inertial sensors embedded within accessible
consumer devices offer reproducible, non-invasive biomechanical tracking outside specialized sleep laboratories.
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Introduction:

Mechanical disorders of the cervical spine represent a leading contributor to functional impairment and healthcare
utilization globally ), Clinical observations frequently connect exacerbations of non-specific cervical discomfort and
secondary cephalalgia to nocturnal resting postures I Sustained non-neutral positions during recumbency impose
asymmetrical viscoelastic strain across paraspinal ligaments, zygapophyseal facet capsules, and deep stabilizing
musculature - Over several hours, these structural perturbations provoke nociceptive firing within the upper
cervical nerves, frequently converging onto the trigeminocervical nucleus to produce referred craniocervical
symptoms 3" Prevailing orthopedic paradigms have predominantly concentrated on static equipment variables,
specifically structural contouring, commercial filler substance, and resting pillow elevation *®. However, clinical
trials assessing resting substrates regularly reportcontradictory outcomes 7" This inconsistency arises because static
measures fail to capture the dynamic kinematic adaptations that occur across nocturnal resting cycles B! Following
the onset of sleep, muscular tone decreases progressively, reaching near-complete physiological atonia during rapid
eye movement phases 8. When tonic active stabilization ceases, passive cervical alignment depends entirely upon
external structural support and regional soft tissue compliance *. Recent validation trials have established that tri-
axial gyroscopes and accelerometric sensors inside contemporary mobile phones provide reliable kinematic tracking
comparable to traditional clinical inclinometers 2%, Despite this technical accessibility, few protocols have tracked
dynamic cranio-thoracic displacement velocities across sleep cycles in naturalistic environments 2. Furthermore,
the relative contributions of mechanical material failure (pillow compression percentage) versus dynamic biological
displacement (rate of neck movement) remain inadequately differentiated.

Therefore, this study investigated whether dynamic cervical movement rates correlate more robustly with the Neck
Disability Index (NDI) than static pillow compression across a documented cohort.
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Methods A cross-sectional observational investigation was completed involving sixty community-dwelling-adults
presenting with variable degrees of recurringmorning neck stiffness and postural cephalalgia. Ethical approval was
secured from the Institutional Review Board, and every participant signed written informed consent before
assessment. Individuals were excluded if they presented with verified cervical radiculopathy, prior cervical spinal
fusion, inflammatory arthropathies, vestibular disorders, or acute trauma within the preceding six months [1,10].
Demographic measurements, including chronological age, standingheight, and body mass, were recorded using
calibrated medical instruments during baseline screening. Subjective cervical functional impairment was quantified
through the NDI questionnaire, a ten-item patient-reported instrument validated for craniocervical pain syndromes
(11, Each section of the NDI is scored from zero to five, culminating in a total raw score ranging between zero and 50
points, where higher tallies depict greater perceived functional restriction!*, Dynamic kinematic data acquisition was
accomplished utilizing an inertialsensor application executed on a consumer smartphone secured firmly within an
elastic sports headband %, For supine sleepers, the phone was positioned flat over the central forehead; for lateral
sleepers, it was placed over the lateral temporal crest [3,9]. Upon lying down in bed, each subject calibrated the
recording software to zero degrees in their chosen neutral resting posture.

The device sampled Euler orientation angles (pitch, roll, and yaw) at five hertz throughout the nocturnal period ©!.
The primary dynamic kinematic variable, defined as the rate of neck movement, captured cumulative angular
deviations per hour exceeding a predefined ten-degree threshold away from the initial neutral baseline 7. To
quantify static structural bedding deformation, standardized

orthogonal digital photogrammetry of the sleep pillow was conducted immediately before head placement and
immediately upon morning waking *°!. The pillow compression percentage was computed by determining the
proportional reduction in resting loft height across the central loading quadrant 4,

Data management and inferential statistical evaluations were carried out using IBM SPSS Statistics for Windows.
Continuous variables were expressed as mean values accompanied by standard deviation (SD) as well as boundary
limits (minimum and maximum).Bivariate linear associations between mechanical variables (rate of neck movement
and pillow compression percentage) and clinical disability scores (NDI) were determined through two-tailed Pearson
correlation coefficients (r).Significance criteria were maintained at a probability alpha threshold below.05. Results

All sixty enrolled individuals completed the entire nocturnal measurement protocol without equipment
dislodgement or missing observations. The cohort possessed a mean age of 40.38 + 10.94 years, spanning between
22.00 and 59.00 years. Physical body measurements indicated a mean height of 169.83 + 8.64 cm (range, 155.00 to
186.00 cm) and a mean body mass of 73.15 + 7.72 kg (range, 60.00 to 89.00 kg). Bivariate parametric analysis showed
a statistically significant, positive correlation between static pillow compression percentage and patientreported
functional limitation on the NDI (r =.547, p < .001).

In contrast, the dynamic rate of neck movement exhibited an exceptionally strong, positive linear correlation with
functional scores on the NDI (r =.999, p < .001). As the frequency and magnitude of angular deviations per hour
intensified across the nocturnal sleep window, participants documented proportionally elevated cervical disability
scores.

TABLES AND FIGURES

Table 1: Correlations between Rate of Neck movements & pillow Compression % with NDI

Variable 1 Variable 2 R P
RATE OF NECK NDI .999 .000
MOVEMENTS

PILLOW NDI .547 .000
COMPRESSION %

Table 2: Demographic Data
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Demographic Mear}SQ\

AGE (YRS) 4038+1094
HEIGHT (CM) 169.83+ 8.63
WEIGHT(KG) 73.15+7.72

Fig 1: Correlation of Pillow compression with NDI

Pillow Compression% Vs NDI Score

60
50
2 ® ®
o ® e ®
=z Y [} g .
O S ® @ ' &
& 30 _ e " o @7
wn 8 @
= ® ]
g & @ ®
20 e ® g ®
.‘ ® e e
e & L J © ® ®
10 % ——
® o8 ®
® ® @
0
0 10 20 30 40 50

Piliow Compression3
Fig 2: Correlation of Rate of neck movement with NDI

Rate Of Neck Movement Vs NDI Score
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The empirical findings from this study demonstrate that nocturnal kinematic instability possesses-a-profound
association with self-reported craniometrical impairment. While passive structural deformation of sleep bedding
demonstrated moderate predictive capacity, the velocity and magnitude of angular departure from neutral
alignment served as the decisive mechanical correlate of cervical disability. Historically, ergonomic interventions
have prioritized inert materials, advising patients to procure specific foam densities or preformed contours to
alleviate strain [*>7], Our data indicate that resting pillow compression explains only approximately thirty percent of
the variance in functional disability (r =.547). This corresponds with conclusions reached by Gordon et al. ® and Cary
et al. B, who observed that passive bedding factors frequently fail to resolve waking cervical symptoms. Substrate
loft shifts under constant thermal and gravitational loading, leading to progressive structural deformation 2,
Consequently, static assessments at bedtime do not reflect the biomechanical environment sustained across seven
to eight hours of sleep *. The near-complete linear alighment observed between the dynamic rate of neck
movement and the NDI (r =.999) emphasizes the importance of physiological muscular atonia during rest [*8l. Under
awake conditions, deep cervical flexors and stabilizing paraspinal muscles execute minute corrective contractions
that protect facet joints and neural foramina 2%, During deep sleep phases, postural muscle tonus drops
substantially 281, If the surrounding restingstructure does not actively restrict displacement, the cranium drops past
physiological thresholds 7). This prolonged shear strains suboccipital structures, activating mechanical receptive
fields that trigger secondary headache and regional stiffness upon waking >>!. From a translational perspective, this
study confirms the practical utility of consumer mobile sensors for clinical motion tracking ®°. Previous
investigations established that accelerometers and gyroscopes inside common devices provide valid angular
measurements comparable to laboratory optoelectronic devices 2. By using these onboard tools alongside an
elastic headband, clinicians can evaluate sleep biomechanics without expensive polysomnography suites 3%, This
study has several limitations. First, muscle activation was not gathered via concurrent electromyography, preventing
direct timing between sleep stage transitions and angular deviations. Second, daytime occupational postures and
ergonomic exposures were not monitored. Future investigations should incorporate multi-night tracking and
interventional microadjustments, such as sub-cervical supports at the cervicothoracic junction, to confirm if
mitigating movement rates reduces functional disability.

Conclusions Dynamic cranio-thoracic displacement velocity during nocturnal rest demonstrates a strong correlation
with cervical disability scores. While passive pillow compression accounts for moderate biomechanical compromise,
dynamic drift during muscular relaxation represent s a key mechanical factor linked to symptom severity. Readily
available mobile device sensors offer an objective, accessible method to quantify sleep kinematics and guide
targeted postural interventions.
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