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Abstract
Sleep restriction is common among university students and may impair postural control, increasing fall risk. We examined the effects of one night of sleep restriction (4 hours) on center-of-pressure (CoP) sway during quiet standing in 24 healthy young adults. Participants completed balance testing after a normal sleep night and after a sleep-restricted night in a counterbalanced, within-subjects design. Sleep restriction significantly increased CoP path length and sway area. These findings suggest that even acute, moderate sleep loss degrades postural stability.
Introduction
Adequate sleep is essential for sensorimotor function. Epidemiological studies have linked short sleep duration to increased fall risk in older adults (Cappuccio et al., 2010). However, relatively few studies have examined how acute sleep restriction affects postural control in young, healthy individuals. Given that university students frequently report sleeping fewer than 6 hours per night (Lund et al., 2010), understanding the postural consequences of sleep loss in this population is important.
Postural sway during quiet standing reflects the continuous interplay of visual, vestibular, and proprioceptive systems (Peterka, 2002). Sleep deprivation has been shown to impair each of these systems individually (Robillard et al. 2011), but the integrated effect on standing balance after partial (rather than total) sleep deprivation remains unclear.
Methods
Participants
Twenty-four healthy young adults (13 female, 11 male; mean age = 21.3 years, SD = 2.1) were recruited from the university community. Exclusion criteria included diagnosed sleep disorders, vestibular disorders, lower-extremity musculoskeletal injury in the past 6 months, and use of medications known to affect balance. The study was approved by the institutional research ethics board and all participants provided written informed consent.
Procedure
Participants attended two morning testing sessions (08:00–09:00) separated by at least one week, in a counterbalanced, within-subjects design. In the Normal Sleep condition, participants were instructed to sleep their habitual amount (verified by wrist actigraphy; mean = 7.4 h, SD = 0.6). In the Sleep Restriction condition, participants were restricted to a 4-hour sleep opportunity (02:00–06:00), monitored by actigraphy. At each session, participants completed three 60-second quiet standing trials on a force plate (AMTI AccuGait, 100 Hz) with eyes open, feet shoulder-width apart, arms at sides.
Data Analysis
Center-of-pressure (CoP) data were low-pass filtered at 10 Hz (4th-order Butterworth). We computed two primary outcome measures: CoP path length (total distance traveled by the CoP) and 95% confidence ellipse sway area (Prieto et al., 1996). Values were averaged across the three trials for each condition.
We compared conditions using paired-samples t-tests. Effect sizes were computed as Cohen’s d:
d = (M1 - M2) / SDpooled
where SDpooled = sqrt(((SD1^2 + SD2^2) / 2)). The significance threshold was set at α = 0.05.
Results
Descriptive statistics are presented in Table 1. Sleep restriction significantly increased CoP path length, t(23) = 3.41, p = .002, d = 0.70, and 95% ellipse sway area, t(23) = 2.89, p = .008, d = 0.59.
Table 1. Postural sway measures by condition. Values are mean (SD).
	Measure
	Normal Sleep
	Sleep Restricted

	CoP Path Length (mm)
	412.3 (58.7)
	453.1 (62.4)

	95% Ellipse Area (mm²)
	189.4 (41.2)
	214.8 (45.6)



Discussion
Our results demonstrate that a single night of sleep restriction to 4 hours significantly impairs postural stability in healthy young adults. Both CoP path length and sway area increased, with moderate effect sizes (d = 0.59–0.70). These findings are consistent with Robillard et al. (2011), who reported increased sway after total sleep deprivation, and extend their work by showing that even partial sleep loss is sufficient to degrade balance.
The practical implications are notable. Many university students regularly sleep fewer than 6 hours (Lund et al., 2010), and impaired postural control may increase injury risk during athletic activities and daily life. Future studies should examine whether habitual short sleepers show adaptation or cumulative degradation in postural control over time.
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