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Abstract: Abstract: Sleep plays a crucial role in physical and mental well-being, being a
fundamental component of the body's natural rehabilitation and recovery process. Adequate sleep
not only facilitates tissue repair but also enhances cognitive function and mood. For those
undergoing physical rehabilitation or recovering from injuries, prioritizing restorative sleep is
indispensable, as it accelerates healing processes. Recent studies explore innovative technologies
like rocking movements to enhance sleep quality. While anecdotal evidence suggests benefits,
scientific literature on rocking movements remains limited. This narrative review examines the
impact of rocking movements on sleep quality and memory processes. Studies suggest potential
benefits, such as such as a shorter duration of N1, increased spindle density in the N2, and longer
time spent in N3, indicating enhanced sleep quality. The potential relevance of these findings lies in
advancing non-pharmacological treatments for individuals with insomnia or mood disorders, and
they may also have implications for foraging populations dealing with reduced deep sleep and
memory impairments. Further research in clinical settings is imperative to explore the impact of
sleep quality on rehabilitation training, determining if the positive influences of sleep consolidation
translate into substantial clinical outcomes in rehabilitative care.
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1. Introduction

Sleep is an essential component of the body's natural rehabilitation and recovery process.
During sleep, the brain and body undergoes a series of complex physiological and
psychological changes that are crucial for physical and mental well-being [1]. Not only
does sleep play a pivotal role in repairing and restoring the body's tissues, but it also aids
in consolidating memories and promoting cognitive function [2]. Furthermore, a good
night's sleep can significantly impact mood, reduce stress, and enhance overall emotional
well-being. For those engaged in physical rehabilitation or recovering from injuries, a
equate and restorative sleep is indispensable, as it accelerates the body's healing processes
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and ensures that rehabilitation efforts are more effective [3]. Thus, prioritizing sleep as an
integral part of any rehabilitation plan is essential to maximize recovery and achieve an optimal
health status [4].

Sleep is a complex and dynamic process, and the normal hypnogram is organized in distinct
stages, each characterized by unique physiological and neurological (electroencephalographic)
patterns. The sleep cycle consists of four main stages: N1 (non-REM stage 1), N2 (non-REM
stage 2), N3 (non-REM stage 3), and REM (rapid eye movement) [5]. N1 marks the transition
from wakefulness to sleep, lasting only a few minutes and involving light sleep. N2 follows,
representing a deeper state with reduced responsiveness to the external environment [6]. N3,
also known as slow-wave sleep, is the deepest non-REM stage, crucial for physical restoration
and growth. REM sleep, in contrast, is marked by heightened brain activity, vivid dreams, and
rapid eye movements [7]. Each stage plays a crucial role in the overall sleep cycle, contributing
to cognitive functions, memory consolidation, and emotional well-being. The cycle repeats
multiple times throughout the night, with REM stages becoming longer in later cycles [8] . This
intricate interplay of sleep stages ensures a comprehensive and restorative sleep experience.

The recent studies aimed to develop innovative technologies and new concepts of sleep
environments to improve sleep experience. One such innovation, which has gained attention
inrecent years, is the concept of sleeping on a rocking bed [9-12]. Relaxing babies using rocking
beds or rocking movements in the arms of the parents is a well-known practice worldwide, a
natural behaviour, that apparently has relaxing effects and has shown benefits upon sleep
induction and deep sleep prolongation [13,14].

This unconventional approach to sleeping environment departs from the conventional, static
sleep room and introduces new instruments to enforce the depth of sleep. Inspired by age-old
practices of rocking infants to sleep, the rocking bed has gained interest for its potential to
improve sleep quality and overall sleep-related health in the adult population [15].

In the landscape of sleep research, particularly the impact of environmental factors on sleep
quality, a noteworthy gap persists in the scientific literature concerning the effects of rocking
movements on sleep architecture and overall sleep quality in adults. While there is anecdotal
evidence and historical practices supporting the potential benefits of rocking movements,
empirical studies comparing various sleep parameters in adults with and without rocking
movements are scarce. This narrative review addresses this gap by systematically examining
existing research and shedding light on the potential implications of adopting a rocking sleep
environment, thereby contributing to a deeper understanding of sleep mechanics and
optimization techniques.

2. Results

The focal point of this article is a meticulous examination of pivotal research works pertaining
to rocking movements, elucidating the critical insights that have emerged from these studies.
As far as our knowledge this is the first narrative review that follows the studies concerning
sleep quality and sleep architecture parameters compared between a control nights’ sleep in a
normal bed to a nights’ sleep in a rocking bed.

Rocking Movements Effect - Pros

Sluijis et al in his article quantified the effect of rocking movements at different intensities (low,
moderate and high) during naps. The following parameters were included: sleep onset, wake
time and the number/duration of wake bouts. They used polysomnographic measurements for
45 minutes to record the nap. It was observed without statistically significance a higher
percentage of time spent in N2 or N3 sleep stages during movement naps compared to control
naps. Moreover, a shorter latency to stage N3 (p=0.005) was noted and a shorter latency to deep
sleep in those with low intensity and moderate intensity movements compared to controls.
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They also obtained an increased number of slow oscillations in movements naps (low-intensity
group) than in controls, more sleep spindles (in medium-intensity group) than in controls,
results explained by a higher time spent in NREM sleep, concluding that rocking promotes
sleep (probably more in those with a low and medium intensity)[12].

Baek et al in his paper, studied the influence of rocking movements upon naps (three hours of
sleep) using a recliner chair and showed a higher length of N3 stage, a decrease in the time
spent during N1 stage in those napping with rocking movements compared to the controls.
Also, they observed a shorter period of latency to enter the deep sleep, accompanied by a higher
frequency of sleep spindles. The reinforced beneficial sleep’s longer duration is positively
associated with a higher frequency of sleep spindles (waves that have a frequency of 11-16 Hz,
marking the transition from the incipient sleep phase N1 to N2). This characteristic improves
neuropsychological processes such as long-term memory consolidation, sensory higher
threshold, which is useful for reducing wake ups, improved motor reflexes, summing a dozen
of enhancement of the well-being[11].

Perault et al. showed in their study that the length of N3 sleep stage increases in the rocking
night compared to baseline. A reduced number of arousals was also noted, so that sleep
disruptions are rarely encountered, and deep sleep can take place in that period [16]. After a
night’s sleep using the device, it has been shown that the stages of deep sleep, particularly N3
increased in the group which has previously been classified as bad sleeper compared to the
increase in the group of good sleepers. The subjects which were more likely to have a sleep
breathing disorder are prone to suffer from depressive disorder or even disabling neurological
disorders as dementia. Using the device could be an effective measure on long term.

Bayer et al in his study including good sleepers with no sleep-disorders non-habitual showed
that reclining on a gently oscillating bed at a frequency of 0.25 Hz aids in the shift from
wakefulness to sleep and extends the duration of N2 sleep stages with an increased spindle
density per an epoch of 30 seconds, with a shorter duration of stage N1, and of the latency to
enter N2 [17].

Rocking Movements Effect - Cons

Slujis et al in his article regarding the assessment of rocking movements in the old generation
(>60 years of age) showed no benefic effects of rocking movements upon sleep onset, duration
of deep sleep phases and no increase in the sleep spindles number [10].

Omlin et al analysed the effect of the rocking bed upon respiration and he observed an increase
in respiratory rate in the rocking group (lateral translation of the whole body) versus control.
Lateral translational rocking motions induced a vestibulo-respiratory adjustment, resulting in
an elevated respiratory rate. This increase was not contingent on the specific frequencies or
amplitudes of the applied movements, yet it was not observed when the movements matched
the subjects' resting respiration frequency[14].

3.Discussion

While numerous studies have suggested positive effects of rocking movements on sleep
quality, it is imperative to acknowledge the existing body of research that presents contrasting
perspectives, indicating a complex landscape in understanding the influence of these
mechanical interventions on sleep patterns.

One of the primary factors contributing to the contradictory results could be individual
differences, especially in age groups. Slujis et al. specifically focused on the older generation
(>60 years of age), and it's possible that the effects of rocking movements on sleep may vary
with age. Aging is associated with changes in sleep architecture and neurophysiological
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processes, which could influence how individuals respond to interventions like rocking
motions [10], while the subjects included in the study of Perrault are younger
(mean+SD,23.39+1.61years old) [16]

Discrepancies in study design and methodology could also contribute to the varying outcomes.
For instance, the type and duration of rocking movements, the equipment used (bed vs. recliner
chair), and the specific sleep parameters measured can all impact results. Baek et al used a
recliner chair in order to promote sleep [11] while Slujis et al used a bed [10]

Contextual factors, such as the sleep environment, participant characteristics, and even cultural
aspects, could contribute to different outcomes. Cultural perceptions of rocking or individual
preferences for certain sleep environments might influence the efficacy of rocking motions

The Role of Rocking Movements: Theories Behind Accelerating Wake-Sleep Transition and
Enhancing Sleep Consolidation

While our review has provided a comprehensive exploration of the influence of rocking
motions on sleep quality, it is crucial to consider how these findings can be translated into
meaningful clinical applications. The potential clinical implications are manifold, with specific
attention to non-pharmacological interventions for sleep-related challenges.

Vestibular and sensory receptors have a neuronal linking with structures from the cortex
involved in emotions, for example the amygdala. This structure affects the sleeping processes,
including sleep onset, depth, and the emotional effects related to sleep [18,19]. Most of the
participants in the study of Bayer et al found a ‘relaxing’ feeling associated with the new
sleeping environment and summarize the night as a pleasant experience [17]. Inputs of the
vestibular or somatosensory systems given by the rocking movements may influence sleep
control centres in hypothalamus or brainstem. Both the inputs send projections to thalamic
nuclei, further leading impulses to the corticothalamic networks [20-22].

Ximena Omlin et al in their study showed that memory performance can increase over a night
of sleep using a device with lateral rocking movements in subjects with a baseline poor night’s
sleep but vestibular stimulation caused by these movements showed no effect on the
performances of good sleepers, which already have a quality sleep on the baseline [23] .

Bayer et al. demonstrated that using a rocking bed not only shortens the onset of sleep but
also increases the occurrence of two key sleep patterns observed through EEG: slow oscillations
and sleep spindles. These two electrophysiological phenomena not only characterize NREM
sleep but recent research has linked them to one of the most fascinating behavioural outcomes
of sleep—memory consolidation [17]. Almost a hundred years ago, it was first shown that
sleeping after learning enhances memory performance compared to being awake for the same
duration. Recent neuroimaging studies have attributed a direct role to slow oscillations and
spindles in facilitating this effect [24,25]. The results of Bayer et al are confirmed by Perrault et
al which revealed that rocking augmented spindle activity, and the rise in fast spindles showed
a correlation with a decrease in arousals during N3, indicating a potential role of spindles in
maintaining sleep stability and quality[16]. Therefore, rocking may not only aid in initiating
and sustaining sleep but, by reinforcing slow oscillations and spindles, could also positively
influence memory consolidation [26]. As we navigate the potential therapeutic applications of
rocking beds, a broader consideration is the integration of sleep as a fundamental component
of clinical assessments and rehabilitation programs. Acknowledging the role of sleep quality
in overall health outcomes may pave the way for more holistic and successful rehabilitation
practices.Regarding the clinical part, conditions like stroke-related brain damage have been
linked to various sleep-wake disorders, potentially impacting both short- and long-term
recovery. Consequently, incorporating routine sleep assessments into rehabilitative care is
likely to bear considerable significance for stroke recovery and the mitigation of long-term
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disability. Within the realm of physical rehabilitation training, experimental findings indicate
that motor learning and retention can be influenced by specific training structures, including
variable and massed practice[27]. In this context, sleep might play a role in the interim
stabilization of newly acquired knowledge, safeguarding against retroactive interference.
Moreover, it may actively contribute to consolidation by incorporating concepts of selectivity
or cued reactivation during both training and sleep.

Understanding the impact of sleep quality on rehabilitation training is pivotal for designing
effective programs. Incorporating rocking beds into rehabilitation facilities could be explored
as a means to optimize the sleep environment for individuals undergoing rehabilitation.
Further research in clinical environments is needed to assess the direct impact on rehabilitation
outcomes.

4. Materials and Methods

This narrative review aimed to comprehensively assess the existing literature regarding the
impact of rocking movements on sleep quality. The process of selecting studies was conducted
systematically to ensure a robust and comprehensive overview of the available evidence. The
following detailed criteria were employed for study inclusion:

4.1. Inclusion Criteria:
e Population Criteria:
e Studies involving adults aged 18 years and above.
¢ No restrictions based on gender.
¢ Intervention Criteria:
e Studies examining the impact of rocking movements on sleep quality.
¢ Inclusion of interventions involving rocking beds, recliner chairs, or other devices
inducing rocking motions during sleep.
¢  Outcome Measures:
e Studies reporting quantitative data on sleep architecture, including but not limited
to sleep stages (N1, N2, N3, and REM).
e Studies reporting qualitative data on perceived sleep quality through participant
surveys or subjective assessments.
e Study Design:
e Both experimental and observational studies were considered.
e Norestrictions on the type of study design, including randomized controlled trials,
cross-sectional studies, and longitudinal studies.
4.2. Exclusion Criteria:
e Population Criteria:
e Studies involving children or adolescents (below 18 years) or involving subjects
with neurological disorders
¢ Intervention Criteria:
e Studies assessing interventions not related to rocking movements during sleep.
Outcome Measures:
e Studies lacking clear and relevant sleep quality outcome measures.
e Study Design:
e Case reports, case series, and studies with insufficient data on sleep quality
outcomes were excluded.

4.3. Search Strategy:
The electronic search for relevant articles was conducted in the Medline database (PubMed,

PubMed Central). The search terms included combinations of "sleep," "rocking movements,"
and "rehabilitation.” The search strategy aimed to identify articles exploring the influence of
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rocking movements on sleep quality. The search was not restricted by publication date to
ensure a comprehensive overview of the existing literature.

4.4. Data Extraction:

Data extraction was performed independently by two reviewers using a predefined data
extraction form. Discrepancies were resolved through discussion and consensus. The extracted
data included study characteristics, participant demographics, intervention details, outcome
measures, and key findings related to sleep quality.

5.Limitations

Acknowledging the limitations of this review is paramount for a holistic understanding of its
scope. Firstly, the heterogeneity across the reviewed studies in terms of methodologies,
participant demographics, and rocking protocols introduces variability that should be
recognized. This diversity, while enriching the review's breadth, also poses challenges in
drawing uniform conclusions.

Additionally, the lack of standardized metrics for evaluating the efficacy of rocking beds on
sleep outcomes hinders a more precise comparison across studies. Future research efforts could
benefit from establishing common parameters to facilitate more robust meta-analyses.

6. Conclusions

Optimizing sleep is integral to lifestyle medicine, contributing to enhanced physical and mental
well-being. In this narrative review, we explored the impact of a simple mechanical
intervention, rocking motions, on sleep quality. Our observations indicate that rocking
movements enhance sleep quality by increasing time in the N3 stage (deep sleep) and
maximizing spindle frequency.

These findings hold promise for advancing non-pharmacological treatments for individuals
with insomnia or mood disorders. Moreover, they may offer insights for populations,
particularly foraging communities, facing challenges related to reduced deep sleep and
memory impairments. Further research in clinical settings is imperative to assess the impact of
sleep quality on rehabilitation training.

Future investigations should extend into the long-term effects of rocking movements across
diverse demographics. Exploring psychological dimensions related to the vestibular impact,
coupled with neuroimaging techniques like fMRI or EEG, can deepen our understanding of the
neural mechanisms during rocking-induced sleep. Additionally, exploring the therapeutic
potential of rocking movements in managing sleep disorders through well-designed clinical
trials with standardized protocols is a promising avenue for advancement in this field.

While the translation of improved sleep consolidation into significant clinical outcomes in
rehabilitative care awaits further exploration, integrating sleep as a fundamental component of
clinical assessments and rehabilitation programs is likely to have profound implications for
overall rehabilitation success.

Author Contributions: Conceptualization, D.M.V, L.SM and D.A.T.; methodology, L.S.M.; software,
D.M.V and L.S.M.; validation, M.A.S and D.A.T; formal analysis, A.F.C, A.D.M.; investigation, D.M.V and
L.S.M.; resources, T.G.AM.A.S and A.D.M,; data curation, A.F.C and T.G.A.; writing—original draft
preparation, D.M.V and L.S.M.; writing—review and editing, M.A.S and D.A.T; visualization, D.A.T and
M.AS., G.D.; supervision, D.A.T.; project administration, D.A.T.; funding acquisition, D.A.T. All authors
have read and agreed to the published version of the manuscript.”



Balneo and PRM Research Journal 2023, 14, 4 70f8

[1]
(2]

[7]

[10]

[11]

Funding: This research was funded by a grant of Competitiveness Operational Program 2014-2020 Project
POC/163/1/3/ 121087: with the title "Development and production of an innovative relaxation and sleep
improvement platform.”

Institutional Review Board Statement: Not applicable
Informed Consent Statement: Not applicable
Data Availability Statement: Not applicable

Acknowledgments: In this section, you can acknowledge any support given which is not covered by the
author contribution or funding sections. This may include administrative and technical support, or
donations in kind (e.g., materials used for experiments).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of
the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the
decision to publish the results”.

References
Patel, A. K;; Reddy, V.; Shumway, K. R.; Araujo, ]. F. Physiology, Sleep Stages. StatPearls 2022.

Gildner, T. E.; Liebert, M. A.; Kowal, P.; Chatterji, S.; Snodgrass, J. J. Associations between Sleep Duration,
Sleep Quality, and Cognitive Test Performance among Older Adults from Six Middle Income Countries:
Results from the Study on Global Ageing and Adult Health (SAGE). J. Clin. Sleep Med. 2014, 10, 613.
https://doi.org/10.5664/JCSM.3782.

Chennaoui, M.; Vanneau, T.; Trignol, A.; Arnal, P.; Gomez-Merino, D.; Baudot, C.; Perez, J.; Pochettino, S.;
Eirale, C.; Chalabi, H. How Does Sleep Help Recovery from Exercise-Induced Muscle Injuries? J. Sci. Med.
Sport 2021, 24, 982-987. https://doi.org/10.1016/].JSAMS.2021.05.007.

Desplan, M.; Mercier, J.; Sabaté, M.; Ninot, G.; Prefaut, C.; Dauvilliers, Y. A Comprehensive Rehabilitation
Program Improves Disease Severity in Patients with Obstructive Sleep Apnea Syndrome: A Pilot
Randomized Controlled Study. Sleep Med. 2014, 15, 906-912. https://doi.org/10.1016/].SLEEP.2013.09.023.
Lee, Y. ].; Lee, J. Y.; Cho, J. H.; Choi, J. H. Interrater Reliability of Sleep Stage Scoring: A Meta-Analysis. |.
Clin. Sleep Med. 2022, 18, 193-202. https://doi.org/10.5664/JCSM.9538.

Cowan, E.; Liu, A.; Henin, S.; Kothare, S.; Devinsky, O.; Davachi, X. L. Sleep Spindles Promote the
Restructuring of Memory Representations in Ventromedial Prefrontal Cortex through Enhanced
Hippocampal-Cortical =~ Functional =~ Connectivity. . Neurosci. 2020, 40, 1909-1919.
https://doi.org/10.1523/J]NEUROSCI.1946-19.2020.

Carskadon, M. A.; Dement, W. C. Normal Human Sleep: An Overview. Princ. Pract. Sleep Med. Fifth Ed.
2011, 16-26. https://doi.org/10.1016/B978-1-4160-6645-3.00002-5.

Redline, S.; Kirchner, H. L.; Quan, S. F.; Gottlieb, D. J.; Kapur, V.; Newman, A. The Effects of Age, Sex,
Ethnicity, and Sleep-Disordered Breathing on Sleep Architecture. Arch. Intern. Med. 2004, 164, 406—418.
https://doi.org/10.1001/ARCHINTE.164.4.406.

Omlin, X.; Crivelli, F.; Naf, M.; Heinicke, L.; Skorucak, J.; Malafeev, A.; Fernandez Guerrero, A.; Riener,
R.; Achermann, P. The Effect of a Slowly Rocking Bed on Sleep. Sci. Rep. 2018, 8.
https://doi.org/10.1038/541598-018-19880-3.

van Sluijs, R.; Wilhelm, E.; Rondei, Q.; Omlin, X.; Crivelli, F.; Straumann, D.; Jager, L.; Riener, R;
Achermann, P. Gentle Rocking Movements during Sleep in the Elderly. J. Sleep Res. 2020, 29.
https://doi.org/10.1111/JSR.12989.

Baek, S.; Yu, H;; Roh, |; Lee, ]J.; Sohn, I; Kim, S.; Park, C. Effect of a Recliner Chair with Rocking Motions
on Sleep Efficiency. Sensors (Basel). 2021, 21. https://doi.org/10.3390/521248214.



Balneo and PRM Research Journal 2023, 14, 4 80f8

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

van Sluijs, R. M.; Rondei, Q. J.; Schluep, D.; Jager, L.; Riener, R.; Achermann, P.; Wilhelm, E. Effect of
Rocking Movements on Afternoon Sleep. Front. Neurosci. 2020, 13.
https://doi.org/10.3389/FNINS.2019.01446.

Moon, R. Y.; Carlin, R. F.; Hand, I. Evidence Base for 2022 Updated Recommendations for a Safe Infant
Sleeping Environment to Reduce the Risk of Sleep-Related Infant Deaths. Pediatrics 2022, 150.
https://doi.org/10.1542/PEDS.2022-057991/188305.

Omlin, X; Crivelli, F.; Heinicke, L.; Zaunseder, S.; Achermann, P.; Riener, R. Effect of Rocking Movements
on Respiration. PLoS One 2016, 11. https://doi.org/10.1371/JOURNAL.PONE.0150581.

Crivelli, F.; Omlin, X.; Rauter, G.; von Zitzewitz, J.; Achermann, P.; Riener, R. Somnomat: A Novel
Actuated Bed to Investigate the Effect of Vestibular Stimulation. Med. Biol. Eng. Comput. 2016, 54, 877-889.
https://doi.org/10.1007/S11517-015-1423-3.

Perrault, A. A.; Khani, A.; Quairiaux, C.; Kompotis, K.; Franken, P.; Muhlethaler, M.; Schwartz, S.; Bayer,
L. Whole-Night Continuous Rocking Entrains Spontaneous Neural Oscillations with Benefits for Sleep
and Memory. Curr. Biol. 2019, 29, 402-411.e3. https://doi.org/10.1016/].CUB.2018.12.028.

Bayer, L.; Constantinescu, I.; Perrig, S.; Vienne, J.; Vidal, P. P.; Miihlethaler, M.; Schwartz, S. Rocking
Synchronizes Brain Waves during a Short Nap. Curr. Biol. 2011, 21, R461-R462.
https://doi.org/10.1016/].CUB.2011.05.012.

Carmona, J. E.; Holland, A. K.; Harrison, D. W. Extending the Functional Cerebral Systems Theory of
Emotion to the Vestibular Modality: A Systematic and Integrative Approach. Psychol. Bull. 2009, 135, 286—
302. https://doi.org/10.1037/A0014825.

Chou, T. C,; Bjorkum, A. A.; Gaus, S. E,; Lu, J.; Scammell, T. E.; Saper, C. B. Afferents to the Ventrolateral
Preoptic Nucleus. |. Neurosci. 2002, 22, 977-990. https://doi.org/10.1523/[NEUROSCI.22-03-00977.2002.
Horowitz, S. S.; Blanchard, J.; Morin, L. P. Medial Vestibular Connections with the Hypocretin (Orexin)
System. J. Comp. Neurol. 2005, 487, 127-146. https://doi.org/10.1002/CNE.20521.

Jones, B. E. Arousal Systems. Front. Biosci. 2003, 8. https://doi.org/10.2741/1074.

Moruzzi, G. The Sleep-Waking Cycle. Ergeb. Physiol. 1972, 64, 1-165. https://doi.org/10.1007/3-540-05462-
6_1.

Omlin, X.; Crivelli, F.; Naf, M.; Heinicke, L.; Skorucak, J.; Malafeev, A.; Fernandez Guerrero, A.; Riener,
R; Achermann, P. The Effect of a Slowly Rocking Bed on Sleep. Sci. Rep. 2018, 8.
https://doi.org/10.1038/541598-018-19880-3.

Rasch, B.; Born, J. About Sleep’s Role in Memory. Physiol. Rev. 2013, 93, 681-766.
https://doi.org/10.1152/PHYSREV.00032.2012.

Staresina, B. P.; Bergmann, T. O.; Bonnefond, M.; Van Der Meij, R.; Jensen, O.; Deuker, L.; Elger, C. E,;
Axmacher, N.; Fell, J. Hierarchical Nesting of Slow Oscillations, Spindles and Ripples in the Human
Hippocampus during Sleep. Nat. Neurosci. 2015, 18, 1679-1686. https://doi.org/10.1038/NN.4119.
Schreiner, T.; Staresina, B. P. Sleep: Rock and Swing versus Toss and Turn. Curr. Biol. 2019, 29, R86-R88.
https://doi.org/10.1016/].CUB.2018.12.035.

Gudberg, C.; Johansen-Berg, H. Sleep and Motor Learning: Implications for Physical Rehabilitation after
Stroke. Front. Neurol. 2015, 6, 163266. https://doi.org/10.3389/FNEUR.2015.00241/BIBTEX.



	1. Introduction
	Sleep is an essential component of the body's natural rehabilitation and recovery process. During sleep, the brain and body undergoes a series of complex physiological and psychological changes that are crucial for physical and mental well-being [1]. ...
	Sleep is a complex and dynamic process, and the normal hypnogram is organized in distinct stages, each characterized by unique physiological and neurological (electroencephalographic) patterns. The sleep cycle consists of four main stages: N1 (non-REM...
	The recent studies aimed to develop innovative technologies and new concepts of sleep environments to improve sleep experience. One such innovation, which has gained attention in recent years, is the concept of sleeping on a rocking bed [9–12]. Relaxi...
	This unconventional approach to sleeping environment departs from the conventional, static   sleep room and introduces new instruments to enforce the depth of sleep. Inspired by age-old practices of rocking infants to sleep, the rocking bed has gained...
	In the landscape of sleep research, particularly the impact of environmental factors on sleep quality, a noteworthy gap persists in the scientific literature concerning the effects of rocking movements on sleep architecture and overall sleep quality i...
	2. Results
	Rocking Movements Effect - Pros
	Sluijis et al in his article quantified the effect of rocking movements at different intensities (low, moderate and high) during naps. The following parameters were included: sleep onset, wake time and the number/duration of wake bouts. They used poly...
	Baek et al in his paper, studied the influence of rocking movements upon naps (three hours of sleep) using a recliner chair and showed a higher length of N3 stage, a decrease in the time spent during N1 stage in those napping with rocking movements co...
	Perault et al. showed in their study that the length of N3 sleep stage increases in the rocking night compared to baseline. A reduced number of arousals was also noted, so that sleep disruptions are rarely encountered, and deep sleep can take place in...
	Bayer et al in his study including good sleepers with no sleep-disorders non-habitual showed that reclining on a gently oscillating bed at a frequency of 0.25 Hz aids in the shift from wakefulness to sleep and extends the duration of N2 sleep stages w...
	Rocking Movements Effect - Cons
	Slujis et al in his article regarding the assessment of rocking movements in the old generation (>60 years of age) showed no benefic effects of rocking movements upon sleep onset, duration of deep sleep phases and no increase in the sleep spindles num...
	Omlin et al analysed the effect of the rocking bed upon respiration and he observed an increase in respiratory rate in the rocking group (lateral translation of the whole body) versus control. Lateral translational rocking motions induced a vestibulo-...
	3.Discussion
	While numerous studies have suggested positive effects of rocking movements on sleep quality, it is imperative to acknowledge the existing body of research that presents contrasting perspectives, indicating a complex landscape in understanding the inf...
	One of the primary factors contributing to the contradictory results could be individual differences, especially in age groups. Slujis et al. specifically focused on the older generation (>60 years of age), and it's possible that the effects of rockin...
	Discrepancies in study design and methodology could also contribute to the varying outcomes. For instance, the type and duration of rocking movements, the equipment used (bed vs. recliner chair), and the specific sleep parameters measured can all impa...
	Contextual factors, such as the sleep environment, participant characteristics, and even cultural aspects, could contribute to different outcomes. Cultural perceptions of rocking or individual preferences for certain sleep environments might influence...
	The Role of Rocking Movements: Theories Behind Accelerating Wake-Sleep Transition and Enhancing Sleep Consolidation
	While our review has provided a comprehensive exploration of the influence of rocking motions on sleep quality, it is crucial to consider how these findings can be translated into meaningful clinical applications. The potential clinical implications a...
	Vestibular and sensory receptors have a neuronal linking with structures from the cortex involved in emotions, for example the amygdala. This structure affects the sleeping processes, including sleep onset, depth, and the emotional effects related to ...
	Ximena Omlin et al in their study showed that memory performance can increase over a night of sleep using a device with lateral rocking movements in subjects with a baseline poor night’s sleep but vestibular stimulation caused by these movements showe...
	Bayer et al.  demonstrated that using a rocking bed not only shortens the onset of sleep but also increases the occurrence of two key sleep patterns observed through EEG: slow oscillations and sleep spindles. These two electrophysiological phenomena n...
	Understanding the impact of sleep quality on rehabilitation training is pivotal for designing effective programs. Incorporating rocking beds into rehabilitation facilities could be explored as a means to optimize the sleep environment for individuals ...
	4. Materials and Methods
	This narrative review aimed to comprehensively assess the existing literature regarding the impact of rocking movements on sleep quality. The process of selecting studies was conducted systematically to ensure a robust and comprehensive overview of th...
	4.1. Inclusion Criteria:
	 Population Criteria:
	 Studies involving adults aged 18 years and above.
	 No restrictions based on gender.
	 Intervention Criteria:
	 Studies examining the impact of rocking movements on sleep quality.
	 Inclusion of interventions involving rocking beds, recliner chairs, or other devices inducing rocking motions during sleep.
	 Outcome Measures:
	 Studies reporting quantitative data on sleep architecture, including but not limited to sleep stages (N1, N2, N3, and REM).
	 Studies reporting qualitative data on perceived sleep quality through participant surveys or subjective assessments.
	 Study Design:
	 Both experimental and observational studies were considered.
	 No restrictions on the type of study design, including randomized controlled trials, cross-sectional studies, and longitudinal studies.
	4.2. Exclusion Criteria:
	 Population Criteria:
	 Studies involving children or adolescents (below 18 years) or involving subjects with neurological disorders
	 Intervention Criteria:
	 Studies assessing interventions not related to rocking movements during sleep.
	Outcome Measures:
	 Studies lacking clear and relevant sleep quality outcome measures.
	 Study Design:
	 Case reports, case series, and studies with insufficient data on sleep quality outcomes were excluded.
	4.3. Search Strategy:
	The electronic search for relevant articles was conducted in the Medline database (PubMed, PubMed Central). The search terms included combinations of "sleep," "rocking movements," and "rehabilitation." The search strategy aimed to identify articles ex...
	4.4. Data Extraction:
	Data extraction was performed independently by two reviewers using a predefined data extraction form. Discrepancies were resolved through discussion and consensus. The extracted data included study characteristics, participant demographics, interventi...
	5.Limitations
	Acknowledging the limitations of this review is paramount for a holistic understanding of its scope. Firstly, the heterogeneity across the reviewed studies in terms of methodologies, participant demographics, and rocking protocols introduces variabili...
	Additionally, the lack of standardized metrics for evaluating the efficacy of rocking beds on sleep outcomes hinders a more precise comparison across studies. Future research efforts could benefit from establishing common parameters to facilitate more...
	6. Conclusions
	Optimizing sleep is integral to lifestyle medicine, contributing to enhanced physical and mental well-being. In this narrative review, we explored the impact of a simple mechanical intervention, rocking motions, on sleep quality. Our observations indi...
	These findings hold promise for advancing non-pharmacological treatments for individuals with insomnia or mood disorders. Moreover, they may offer insights for populations, particularly foraging communities, facing challenges related to reduced deep s...
	Future investigations should extend into the long-term effects of rocking movements across diverse demographics. Exploring psychological dimensions related to the vestibular impact, coupled with neuroimaging techniques like fMRI or EEG, can deepen our...
	While the translation of improved sleep consolidation into significant clinical outcomes in rehabilitative care awaits further exploration, integrating sleep as a fundamental component of clinical assessments and rehabilitation programs is likely to h...
	References

