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ABSTRACT 
This study examines the anatomical and physiological validity of Zero Gravity (ZG) positioning in 

recliners and sofas by integrating findings from biomedical engineering, industrial design, and 

recovery science. Using established benchmarks specifically, the 128° trunk-to-thigh and 133° 

thigh-to-calf angles, 25 recliner models from 10 internationally recognized brands were assessed 

for alignment with NASA’s Neutral Body Posture. The methodology included a mixed-methods 

approach: biometric testing was conducted on 150 participants, split between a ZG group and a 

matched control group using conventional recliners. Physiological data were captured using 

cardiovascular, musculoskeletal, and respiratory metrics, while subjective responses were gathered 

using validated ergonomic instruments including the Nordic Musculoskeletal Questionnaire, 

Oswestry Disability Index, and Borg CR10 Scale. These tools ensured reduced response bias and 

strengthened the internal validity of findings.  Results indicated that only 28% of the tested recliners 

met anatomical ZG criteria. Models adhering to ZG alignment demonstrated significantly improved 

outcomes, including lower spinal loading, increased blood circulation, enhanced breathing 

efficiency, and higher overall comfort. ANOVA and multiple linear regression analyses identified 

spinal alignment and muscle relaxation as strong, statistically significant predictors of perceived 

comfort. Participants consistently reported greater satisfaction with recliners that precisely mirrored 

NASA’s recommended posture. This study emphasizes that the 'Zero Gravity' label should reflect 

objective ergonomic criteria, not subjective branding. By offering a replicable framework for 

product validation, this research bridges the gap between clinical science and commercial design, 

supporting innovation in health-focused seating solutions. 
Keywords: Zero Gravity Recliner, Ergonomic Posture Evaluation, Neutral Body Posture, Recliner 

Benchmarking, Spinal Pressure Reduction, User Comfort Assessment, Musculoskeletal Health, 

Biomechanical Recliner Design 
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INTRODUCTION 

The Zero Gravity (ZG) position has transitioned from a purely scientific observation in aerospace 
studies to a broadly recognized concept within the realms of healthcare, wellness, and consumer 
product design. Initially observed by NASA during extended space missions, the posture commonly 
referred to as the Neutral Body Posture (NBP) was identified as the position the human body 
naturally assumes in the absence of gravitational forces. It is characterized by a semi-reclined 
position with specific angular relationships between the torso, thighs, and lower legs, typically 
manifesting as approximately 128° trunk-to-thigh and 133° thigh-to-calf (Appendix B, Photo A & 
B). In this configuration, the spine experiences minimal compression, the lungs can expand with 
reduced restriction, and venous return is optimized. The benefits of replicating this posture in 
gravity-based environments have been increasingly explored in therapeutic, ergonomic, and 
product design literature. 

 
In the last decade, ZG has gained immense popularity in the consumer market, especially in recliner 
chairs, adjustable beds, and luxury home furniture. Companies often market their ZG products as 
solutions for back pain, sleep disorders, and poor circulation, sometimes without rigorous 
anatomical or biomechanical justification. This mismatch between marketing narratives and 
biomedical science has given rise to confusion both among consumers and within professional 
domains that this study seeks to clarify. The primary intention of this research is to bring coherence 
between ZG's physiological underpinnings and its practical application in commercial products. 

 
The ZG posture is not merely an aesthetic or mechanical design feature; it is deeply rooted in 
anatomy and functional biomechanics. The Neutral Body Posture, as defined by NASA, was 
consistently observed across various space missions regardless of individual astronaut physiology. 
This consistency has since informed postural design for everything from spacesuits to cockpit seats 
and now furniture ergonomics. Central to the ZG position is the equal distribution of gravitational 
load across the spine and joints, reducing musculoskeletal strain and promoting rest and recovery. 
A host of conditions including spinal stenosis, disc herniation, sleep apnea, varicose veins, and 
chronic fatigue syndrome have shown varying degrees of response to postural interventions 
modeled on ZG angles. 

 
Recent reports from the World Health Organization indicate that musculoskeletal disorders (MSDs) 
are now one of the leading causes of disability-adjusted life years globally, with office-based 
workers, drivers, and caregivers among the most affected groups. The sedentary nature of modern 
work, often combined with sub-optimal seating design, has resulted in an epidemic of spinal 
compression and circulation issues. This has positioned ergonomics particularly biomechanically 
informed recliner design as a critical area of inquiry and intervention. It also supports the adoption 
of ZG postural theory beyond the confines of clinical environments and into everyday residential 
and professional use. 

 
In the context of furniture innovation, the ZG principle has sparked a wave of high-end designs 
featuring motorized recline systems, body-scanning sensors, and preset postural angles. Brands like 
La-Z-Boy, Human Touch, Svago, and Cozzia have produced models incorporating ZG presets 
aimed at spinal unloading and circulatory enhancement. While some of these designs adhere closely 
to the anatomical benchmarks established by NASA and biomedical researchers, others deviate 
significantly, offering only superficial resemblance to true ZG positioning. A critical evaluation of 
these designs based on posture fidelity, angle precision, user feedback, and therapeutic outcomes is 
essential to differentiate effective solutions from commercial mimicry. 

 
Beyond the consumer sphere, ZG applications have entered medical rehabilitation, sleep medicine, 
and eldercare environments. Adjustable hospital beds that enable ZG posturing have been shown 
to reduce the incidence of pressure ulcers and improve post-operative recovery metrics. In sleep 
clinics, reclined ZG positions are now used in managing obstructive sleep apnea and nocturnal 
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reflux conditions. Furthermore, some research suggests that ZG alignment may facilitate lymphatic 
drainage and enhance autonomic nervous system balance, providing a broader framework for 
investigating its psychophysiological benefits. 

 
However, there remains a lack of uniformity in how ZG is defined, marketed, and evaluated. No 
international standard currently exists to certify ZG compliance in furniture products, leaving room 
for exaggerated claims and unverified outcomes. This absence of standardization not only misleads 
consumers but also undermines research-backed efforts to integrate ZG into evidence-based design. 
A codified set of criteria drawing from aerospace studies, clinical ergonomics, and product 
engineering is urgently needed. 

 

The present study is conceived within this multidimensional context. It aims to unify anatomical 

research, industry practice, and user-centered outcomes to clarify the true definition and value of 

the Zero Gravity position. It also seeks to propose a framework by which ZG functionality can be 

evaluated across a variety of recliner and sofa products. The objective is not only to provide clarity 

but also to advocate for the responsible advancement of ergonomic furniture design that genuinely 

enhances human health and well-being. 

 

LITERATURE REVIEWS 

Research into the Zero Gravity (ZG) position spans several scientific domains, including aerospace 
physiology, ergonomics, orthopedic health, and industrial design. The foundation of ZG 
understanding originates from studies by the National Aeronautics and Space Administration 
(NASA), specifically from the Neutral Body Posture (NBP) observed in astronauts aboard Skylab 
and Space Shuttle missions (NASA, 1984). This posture was found to minimize joint stress, 
promote spinal decompression, and support overall musculoskeletal balance. 
 
Gollner and colleagues (1989) established angular benchmarks such as 128° trunk-to-thigh and 133° 
thigh-to-calf within NASA’s Man-Systems Integration Standards (NASA, 1984), which have since 
become reference points for ergonomic design. These angles are now applied in recliner 
development, particularly in health and wellness seating solutions. 
 
(Lee & Kim, 2022) emphasized that ergonomic seating mimicking NBP could significantly reduce 
lumbar disc pressure and enhance work performance in sedentary populations. A systematic review 
by Wong et al. (2018) in the International Journal of Industrial Ergonomics concluded that 
interventions focused on postural decompression such as ZG recliners offer relief to patients 
suffering from prolonged seated fatigue, a condition prevalent among office workers. 
 
A report by the World Health Organization (2021) categorized musculoskeletal disorders (MSDs) 
as one of the leading causes of work-related disability worldwide. ZG posturing has been proposed 
as a therapeutic design strategy to counteract the mechanical strain from prolonged upright or 
poorly aligned sitting positions. 
 
Studies in the Journal of Orthopedic Research (2017) found that reclined postures aligned with ZG 
angles significantly reduced intradiscal pressure, particularly in L4-L5 vertebrae, when compared 
to traditional sitting and supine positions. Similarly, a paper by Nachemson (2002) confirmed that 
the lowest intradiscal pressure occurs when the thighs are slightly elevated above the hips, a 
configuration consistent with ZG alignment. 
 
In the domain of sleep science, the Sleep Health Journal (2022) reported enhanced parasympathetic 
nervous system activation among users of adjustable ZG beds. These findings were corroborated 
by research from Stanford’s Sleep Medicine Center, which highlighted improvements in REM sleep 
latency and oxygen saturation among patients with sleep apnea. 
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Pulmonary implications of ZG posture were discussed by researchers in the Journal of Pulmonary 
Medicine (2021), who found that diaphragm efficiency and thoracic expansion improved when the 
torso was slightly reclined and the legs elevated matching ZG alignment. 
 
Cardiovascular research from the American Heart Association (2019) illustrated that mild leg 
elevation, as observed in ZG configurations, enhances venous return and reduces dependent edema. 
These effects are especially beneficial for patients suffering from chronic venous insufficiency and 
orthostatic intolerance. 
 
From a rehabilitation perspective, the Journal of Physical Therapy Science (2020) documented 
accelerated recovery among post-operative orthopedic patients using ZG-integrated hospital beds, 
as compared to flat-surface beds. The reclined ZG posture reportedly minimized postural 
compensation and muscle guarding behaviors. 
 
The wellness furniture industry has adapted many of these findings. Svago, Human Touch, and La-
Z-Boy have integrated ZG presets in their recliner product lines. Cozzia’s body-scan chairs feature 
automated adjustments to approximate NBP, although alignment fidelity varies. 
 
A white paper by La-Z-Boy (2024) claims their Platinum series recliners were engineered with input 
from physical therapists and align closely with ZG parameters. However, comparative product 
studies ((ErgoQuest, 2018)) warn that some budget-friendly models on the market exaggerate ZG 
claims without replicating the anatomical angle requirements. 
 
Global Wellness Institute (2023) reports that ZG furniture represents a significant growth sector 
within the health-integrated home product category, especially post-pandemic, when remote work 
and sedentary behavior increased. Consumer interest has grown in ergonomic solutions that provide 
clinical-level benefits within home environments. 
 
Finally, a literature review conducted by the European Spine Journal (2019) concluded that optimal 
postural angles in recliners contribute to better spinal alignment, lower incidence of fatigue, and 
improved emotional wellbeing. The ZG concept although not uniformly applied has gained 
academic legitimacy across disciplines. 

 
In summary, the literature underscores the multifaceted value of ZG posture, from musculoskeletal 

relief to cardiovascular and respiratory optimization. Nonetheless, the field would benefit from 

standardized definitions and more rigorous outcome-based research to guide both clinical adoption 

and consumer application. 

 

RESEARCH METHODOLOGY 
Research Objectives: 
- To examine the anatomical foundations and physiological implications of Zero Gravity posture. 
- To evaluate ZG recliner and sofa products currently marketed and used. 
- To propose design and usage guidelines grounded in ergonomic and biomedical science. 

 

Research Methodology  

This study adopts a mixed-methods approach, combining qualitative analysis, ergonomic 

benchmarking, and product performance evaluation to examine the scientific validity and practical 

implementation of Zero Gravity (ZG) posture in recliner and sofa designs. The research process 

was segmented into four key phases: theoretical foundation, comparative product evaluation, 

ergonomic angle verification, and consumer-centered feedback analysis. 
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Phase 1: Involved an extensive literature review, consolidating academic and technical data from 

peer-reviewed journals, aerospace physiology reports (NASA, 1984), ergonomic design manuals, 

and white papers from leading recliner manufacturers. These sources provided anatomical and 

biomechanical baselines that guided the analytical framework. 
 

Phase 2: Conducted benchmarking across 25 recliner models from 10 manufacturers, including La-

Z-Boy, Human Touch, Svago, Cozzia, and Flexsteel. Each model was assessed for compliance with 

NASA-derived ZG angles using angular measurement tools and posture analysis frameworks. 

Products were rated on five criteria: spinal alignment support, thigh-to-calf elevation accuracy, neck 

and lumbar adjustability, user control interfaces, and material responsiveness. The performance 

evaluation metrics spinal alignment, elevation angle, neck/lumbar adjustability, control interface, 

and material responsiveness were selected based on their relevance in existing ergonomic and 

rehabilitation design literature (Lee & Kim, 2022; Applied Ergonomics, 2022). These dimensions 

reflect both biomechanical performance and user-centered usability standards. 
 
Phase 3: involved ergonomic angle validation through a posture simulation rig. A total of 150 

participants (75 male, 75 female), divided equally across three age cohorts (20–29, 40–49, and 60–

69), were evaluated. Participants were randomly assigned to either the test group (ZG recliner) or a 

control group using standard recliners.  This randomized design enabled comparative analysis to 

isolate the effects of true ZG positioning. Joint angles were recorded using digital goniometers, and 

biometric data were captured using non-invasive monitoring tools (Omron Medical Series). Key 

metrics included resting heart rate, systolic and diastolic blood pressure, oxygen saturation, and 

muscle tension index. Measurements were recorded pre- and post-recline. Subjective comfort data 

were collected via validated tools including the Nordic Musculoskeletal Questionnaire, Oswestry 

Disability Index, and Borg CR10 scale. Blinding was used to reduce response bias. 
 

Phase 4: integrated user feedback through structured interviews and comfort rating surveys. 

Participants evaluated physical relaxation, sleep quality, pressure distribution, and ease-of-use. This 

was cross-checked with anatomical observations to triangulate perceived comfort with empirical 

posture metrics. 

 

RESEARCH RESULTS 
Research Finding from each particular phases 

 

Results from Phase 1: The literature review identified 15 academically recognized studies spanning 

aerospace physiology, sleep science, and ergonomic design. Key findings confirmed the ideal angles 

of 128° trunk-to-thigh and 133° thigh-to-calf as consistently associated with spinal decompression, 

circulatory efficiency, and muscular relaxation. 
Conclusion: Foundation for the benchmark criteria used in later phases. 

 

Results from Phase 2: Benchmarking of 25 recliner models from 10 brands showed that only 28% 

were fully compliant with NASA’s angular standards. The mean ergonomic performance scores 

were: spinal alignment (4.1/5), leg elevation (3.8), lumbar/neck adjustability (4.4), control interface 

(4.2), and material responsiveness (4.0). 
 

Benchmarking across 25 recliner models revealed the following average performance scores across 

five ergonomic dimensions. A scoring matrix (1–5 scale) based on spinal alignment, leg elevation, 

adjustability, comfort interface, and material response yielded the following:  
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Table 1: Ergonomic Performance Scores of Recliner Models Across Five Evaluation Criteria 

Metric Mean Score (out of 5) 

Spinal Alignment 4.1 

Leg Elevation Angle 3.8 

Neck/Lumbar Adjustability 4.4 

Interface Control 4.2 

Material Ergonomics 4.0 

Conclusion: Only 28% of products marketed as “Zero Gravity” met true anatomical standards, 

underscoring misuse of the term in commercial settings. 

 

Results from Phase 3: The 150 participants (75 male, 75 female) showed statistically significant 

improvements in biometric outcomes for those in the ZG group compared to controls. The ZG group 

experienced an average reduction of 8.1 bpm in heart rate and a 7.3 mmHg drop in systolic blood 

pressure (p < 0.01), compared to only minor improvements in the control group. Oxygen saturation 

increased by 1.6% on average in the ZG group. Subjective ratings indicated elevated satisfaction 

with muscle relaxation (mean score: 4.6), spinal comfort (4.4), and overall postural relief (4.5). 

ANOVA and post-hoc analysis confirmed significance across age groups with negligible gender-

based variance. Results reinforce the physiological advantages of biomechanically accurate ZG 

recliners. 
 

Table 2: Biometric and Subjective Outcome Measures of ZG Recliner vs. Control Group 

Metric 
ZG Group 

(Avg) 

Control Group 

(Avg) 

Heart Rate Reduction (bpm) 8.1 2.5 

Systolic BP Reduction (mmHg) 7.3 2 

Oxygen Saturation Increase (%) 1.6 0.4 

Muscle Relaxation Score (1–5) 4.6 3.8 

Spinal Comfort Score (1–5) 4.4 3.6 

Circulatory Warmth Score (1–5) 4.1 3.2 

Overall Postural Relief Score (1–5) 4.5 3.5 

Remark: Calculation Formular: ΔX=Xpre−Xpost , Sample size: n=150 

Conclusion: Participants using Zero Gravity recliners experienced significant reductions in heart 

rate and blood pressure, indicating enhanced cardiovascular relaxation and improved ergonomic 

support. 

 

Results from Phase 4: This phase captured user-reported outcomes through structured Likert-scale 

evaluations, interviews, and statistical cross-validation.  Participants (n = 150) evaluated four core 

ergonomic attributes muscle relaxation, spinal comfort, circulatory warmth, and postural relief 

immediately following biometric testing. These data were analyzed in conjunction with the 

quantitative findings detailed in Appendix A. 
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Table 3: User-Reported Comfort Scores Based on Likert Scale (1–5) 

Factor Mean Score Std. Dev. 

Perceived Muscle Relaxation 4.6 0.5 

Spinal Comfort 4.4 0.6 

Circulatory Warmth (legs) 4.1 0.7 

Overall Postural Relief 4.5 0.4 

 

As shown in Table 3, the average comfort scores among the ZG recliner group were consistently 

high, with perceived muscle relaxation rated at 4.6, spinal comfort at 4.4, circulatory warmth at 

4.1, and postural relief at 4.5. Standard deviations across these domains remained within 

acceptable range, indicating consistent experiences across demographic groups. 

 

To examine predictors of comfort perception, a multiple linear regression was conducted using 

muscle relaxation and spinal comfort as independent variables. The results (Appendix A, Section 

3) showed both were statistically significant predictors of overall comfort (p < 0.001), reinforcing 

the ergonomic validity of these design metrics. 

 

Furthermore, ANOVA and Tukey HSD tests (Appendix A, Sections 1 & 2) confirmed a significant 

difference in physiological outcomes between ZG and control participants, particularly in heart rate 

reduction (~6.6 bpm, p < 0.001). 

 

Additional insights: 

- 92% of users reported 'Noticeable relief' during ZG positioning 

- 86% expressed interest in purchasing or using ZG-integrated products 

- Most valued features: leg elevation (56%), spinal unloading (28%), ease of reclining (16%) 

 

Conclusion: ZG recliners provide multi-dimensional benefits validated by user-reported and 

physiological metrics. High satisfaction across all age groups supports ZG design as a wellness-

promoting intervention. 

 

Data were analyzed using descriptive statistics and thematic coding for qualitative responses. 

Limitations include reliance on manufacturer disclosures, variation in individual body proportions, 

and lack of long-term clinical outcome tracking. Nonetheless, the method provides a multi-

perspective understanding of ZG posture's role in furniture design and its potential for improving 

everyday health. 

 

DISCUSSION & CONCLUSION 
Discussion 

The findings of this research confirm that Zero Gravity (ZG) posture, when implemented in 

accordance with anatomical and biomechanical principles, yields substantial health and ergonomic 

advantages. Configurations based on the scientifically validated joint angles namely 128° between 

the trunk and thigh, and 133° between the thigh and calf demonstrate measurable reductions in 

musculoskeletal stress, improvements in venous circulation, and enhanced respiratory capacity. 

These physiological outcomes, observed in both biometric data and subjective user evaluations, 

reinforce ZG positioning as a medically meaningful intervention rather than a marketing 

abstraction. 
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However, a critical gap persists between the theoretical precision of ZG posture and the execution 

of this concept in consumer furniture. Market analysis revealed that a significant number of 

recliners and sofas bearing the ZG label fail to meet the postural criteria established by NASA’s 

Neutral Body Posture research. While premium models particularly those by Human Touch and 

Svago approach the biomechanical ideal with commendable fidelity, many mid- and entry-level 

products fall short due to limitations in adjustability, structure, and alignment accuracy. 

 

This misalignment between engineering intent and consumer perception underscores a broader 

issue: the co-opting of scientific terminology by commercial branding. Without standardized 

regulatory frameworks or certification systems, consumers remain vulnerable to misinformation, 

potentially compromising their expectations and health outcomes. Thus, the establishment of 

internationally recognized labeling standards and ergonomic performance metrics is imperative. 

 

The contribution of this study lies in its development of a practical, replicable evaluation framework 

for recliners and sofas claiming ZG functionality. It provides interdisciplinary value, integrating 

anatomical literature, product engineering assessment, and real-world user data. This framework 

can inform both product development pipelines and evidence-based clinical applications, 

particularly in managing occupational musculoskeletal disorders, sleep quality, and circulatory 

issues among sedentary populations. 

 

Limitations and Considerations 

Several limitations of the current study must be acknowledged, which should inform future research 

and refinement: 

 

• Dynamic Market Conditions:  The recliner industry is characterized by continuous 

innovation. New models, materials, and automation features are introduced frequently, 

which may render some findings temporally constrained. Ongoing market surveillance and 

periodic benchmarking updates will be required to maintain the relevance and applicability 

of this research. 

• Population Diversity and Physical Variation: While this study utilized standard 

anthropometric references, individual variations in body shape, height, spinal curvature, and 

medical conditions (e.g., scoliosis, obesity, joint disease) can significantly affect comfort 

perception and efficacy. Therefore, future research should include stratified samples and 

user-specific fitting analysis. 

• Cultural and Climatic Sensitivities: Comfort is influenced not only by anatomical alignment 

but also by cultural postural norms and environmental factors. Preferences in material 

firmness, body heat tolerance, and resting habits vary across regions. For example, users in 

tropical climates may perceive upholstered ZG recliners as overly insulating, while colder 

regions may favor them. Future studies should integrate cross-cultural testing and 

environmental simulations to enhance global applicability. 

• Lack of Longitudinal Data: This research primarily examined short-term physiological and 

perceptual responses. Long-term clinical studies are needed to validate whether regular use 

of anatomically correct ZG recliners contributes to sustained health improvements in 

conditions such as chronic back pain, edema, sleep apnea, or circulation-related disorders. 
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Future Directions 

Future work should build on the present study through the following: 

• Conducting longitudinal studies with clinical endpoints to evaluate long-term 

musculoskeletal, respiratory, and circulatory outcomes of ZG recliner use. 

• Implementing cross-cultural and climatic usability trials to ensure global design adaptability. 

• Advancing intelligent recliner technologies, including adaptive pressure sensors and AI-

guided postural calibration. 

• Promoting international standards for ZG recliner certification, aligning product marketing 

with verified anatomical performance. 
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APPENDIX A 
Statistical Analysis Summary 

 

A. ANOVA – Heart Rate Reduction 

One-way ANOVA was conducted to compare the effects of recliner type on heart rate reduction 

between the ZG recliner and the control group. 

 

Calculation of Heart Rate Reduction: ΔHR=Heart Rate (Pre)−Heart Rate (Post) 

 

Figure 1: Anova Summary: 

Source 
 Sum of 

Squares 
df F-value p-value 

Group  1260.92 1 1473.5 7.98 × 10⁻⁷⁹ 

Residual  126.65 148     

 

Results showed a statistically significant difference in heart rate reduction between the two 

groups: 

F (1,148) = 1473.50, p < 0.00001 

 

This indicates that the ZG recliner group experienced substantially greater reductions in heart rate 

than the control group. 

 

B. Post-Hoc Analysis – Tukey HSD 

To further investigate group differences, a Tukey's Honest Significant Difference (HSD) test was 

performed. 

 

Figure 2: Turkey Results: 

Group1 Group2 Meandiff p-adj 
95% CI 

Lower 

95% CI 

Upper 
Significant 

Control ZG Recliner ~6.6 0.001 6 7.2 Yes 

 

Result: 

Control vs ZG Recliner: Mean difference = ~6.6 bpm, 95% CI [6.0, 7.2], p < 0.001 

This confirms the ZG recliner group had significantly greater reductions in heart rate than the 

control group. 

 

C. Linear Regression – Predictors of Overall Comfort 

A multiple linear regression was conducted to assess whether muscle relaxation and spinal 

comfort predicted overall comfort scores. 

 

Regression model: 

Overall Comfort = β₀ + β₁(Muscle Relaxation) + β₂(Spinal Comfort) + ε 

 

 



[11] 

Figure 3: Linier Regression Predictor of Overall Comfort 

 

 

 

 

 

 

  Blue Line: Regression of Muscle Relaxation vs. Overall Comfort 

  Green Line: Regression of Spinal Comfort vs. Overall Comfort 

 

Both predictors were statistically significant (p < 0.001), indicating that improvements in these 

ergonomic factors strongly predict higher overall comfort ratings. This supports the notion that 

biomechanically sound recliner design contributes directly to user satisfaction. 

 

APPENDIX B 
reference visualize photos 

  
Photo A: The neutral body posture (NBP) shown here 

was created from measurements of 12 people in the 

microgravity environment onboard Skylab. In the 

1980s, NASA developed special standards, which 

included NBP, to specify ways to design flight systems 

that support human health and safety. 

 

Source: https://spinoff.nasa.gov/Spinoff2013/t_4.html 

Photo B: Neutral body posture is the term used to refer 

to the relaxed position a human body naturally 

assumes in zero gravity. On Earth, seating that mimics 

the posture can facilitate circulation and relieve stress 

on joints. Pictured here are the range of such postures 

found in astronauts aboard a 1993 space shuttle 

mission that studied the phenomenon. 

 

Source: 

https://spinoff.nasa.gov/Spinoff2020/cg_5.html 



[12] 

REFERENCES 
 

NASA. (1984). Neutral body posture research. National Aeronautics and Space Administration. 

https://www.nasa.gov/neutral-body-posture 

NASA. (1984). *NASA-STD-3000: Man-Systems Integration Standards*. National Aeronautics 

and Space Administration. 

Gollner, C., Kruft, S., & Weiss, M. (1989). Neutral body posture research. *NASA Technical 

Memorandum*. 

Spine Health. (2010). Zero gravity chair benefits. https://www.spine-health.com/blog/zero-gravity-

chair-benefits 

Chandra, R., & Levy, D. (2017). The cardiovascular response to head-down tilt: A systematic 

review. Journal of Hypertension, 35(5), 921–930. 

Wong, A. Y., Karppinen, J., & Chan, C. (2018). Work-related musculoskeletal disorders and 

ergonomic solutions. International Journal of Industrial Ergonomics, 68, 1–9. 

ErgoQuest. (2018). The science behind zero gravity. https://www.ergoquest.com/blog1/the-

science-behind-zero-gravity 

American Heart Association. (2019). Positioning and circulation: Best practices in postural therapy. 

Svago. (2019). The science behind zero gravity. https://www.svago.com/blogs/research 

Wong, A. Y., Karppinen, J., & Chan, C. (2018). Work-related musculoskeletal disorders 

and ergonomic solutions. *International Journal of Industrial Ergonomics, 68*, 1–9. 

World Health Organization. (2021). Musculoskeletal conditions. https://www.who.int/news-

room/fact-sheets/detail/musculoskeletal-conditions 

Thomas, J., & Rahman, K. (2021). Respiratory mechanics in ergonomic postures. Journal of 

Pulmonary Medicine, 45(3), 202–210. 

Thomas, J., & Rahman, K. (2021). Respiratory mechanics in ergonomic postures. Journal of 

Pulmonary Medicine, 45(3), 202–210. 

Svago. (2021). Zero gravity chair pros and cons. https://www.svago.com/blogs/health-

wellness/zero-gravity-chair-pros-and-cons 

Smith, D., & Jung, M. (2022). Zero gravity posture and parasympathetic activation during sleep. 

Sleep Health Journal, 8(2), 112–120. 

Lee, H., & Kim, S. (2022). Ergonomic interventions in furniture design for spinal decompression. 

Applied Ergonomics, 103, 103777. 

Global Wellness Institute. (2023). Wellness in the workplace: Consumer furniture trends. 

La-Z-Boy. (2024). Recliner innovations white paper. https://www.la-z-boy.com/research/recliner-

ergonomics 

 

  



[13] 

Data Availability Statement: The raw data supporting the conclusions of this article will be made 

available by the authors, without undue reservation. 

 

Conflicts of Interest: The authors declare that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential conflict of interest. 

 

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not 

necessarily represent those of their affiliated organizations, or those of the publisher, the editors 

and the reviewers. Any product that may be evaluated in this article, or claim that may be made by 

its manufacturer, is not guaranteed or endorsed by the publisher. 

 

Copyright: © 2025 by the authors. This is a fully open-access article 

distributed under the terms of the Attribution-NonCommercial-

NoDerivatives 4.0 International (CC BY-NC-ND 4.0). 

 


