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Research progress on the 
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Parkinson’s disease (PD) is a progressive neurodegenerative disorder 
characterized by motor and non-motor symptoms. It is the second most 
common chronic progressive neurodegenerative disease. PD still lacks a known 
cure or prophylactic medication. Current treatments primarily address symptoms 
without halting the progression of PD, and the side effects of dopaminergic 
therapy become more apparent over time. In contrast, physical therapy, 
with its lower risk of side effects and potential cardiovascular benefits, may 
provide greater benefits to patients. The Anti-Gravity Treadmill is an emerging 
rehabilitation therapy device with high safety, which minimizes patients’ fear 
and allows them to focus more on a normal, correct gait, and has a promising 
clinical application. Based on this premise, this study aims to summarize and 
analyze the relevant studies on the application of the anti-gravity treadmill in PD 
patients, providing a reference for PD rehabilitation practice and establishing a 
theoretical basis for future research in this area.
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1 Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by 
motor and non-motor symptoms (1). It ranks as the second most common chronic progressive 
neurodegenerative disease (2). With a 2.5-fold increase in prevalence over the past 30 years, 
the current overall global prevalence exceeds 6 million (3). Tremors at rest, rigidity, 
bradykinesia, postural instability, and gait disturbances constitute the primary motor signs of 
PD, leading to progressive impairment. Freezing of gait (FOG) is considered one of the most 
disabling gait disorders in patients with Parkinson’s disease and is defined as “a brief, episodic 
absence or marked reduction of forward progression of the feet despite the intention to walk” 
(4). Patients often describe it as if they cannot move their feet while their upper body continues 
to maintain its original motion (5). A systematic review has shown that treadmill training 
enhances the fitness of PD patients and represents the exercise therapy intervention with the 
most significant impact on UPDRS scores (6). Research has revealed that 47% of PD patients 
exhibit FOG (1), which is a major contributing factor to patients’ mobility issues and elevated 
fall risk (7). Furthermore, as the disease progresses, the non-motor symptoms of PD 
deteriorate. These symptoms are primarily associated with a diminished sense of smell, 
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constipation, urinary dysfunction, cognitive impairment, upright 
hypotension, memory loss, depression, and sleep disorders (8, 9), 
leading to a lower quality of life for patients.

Clinically, treatments include Deep Brain Stimulation (DBS) and 
dopamine-based pharmacologic therapies (10). Although DBS is a 
highly effective treatment for PD (11, 12), its invasiveness, risk of 
postoperative complications, and expensive cost make it less desirable 
than other options. Pharmacologic therapies are the main treatment 
for PD, including levodopa, methyldopa, and silymarin, which can 
ameliorate patients’ motor symptoms. However, the efficacy of 
dopaminergic medicines for PD will eventually wear off and reveal 
side effects. Additionally, existing dopaminergic therapies can only 
alleviate symptoms and do not stop the progression of the disease, and 
may lead to serious complications such as on–off phenomenon and 
L-DOPA-induced dyskinesia, further complicating the treatment 
process (13). Despite the application of pharmacologic treatments, gait 
impairment in PD patients remains (14). Studies have demonstrated 
a higher risk of developing FOG in patients prescribed levodopa 
compared to those who were not (15).

Conversely, physical therapy offers a lower risk of side effects and 
potential cardiovascular benefits, potentially providing greater benefits 
to patients (16). Aquatic exercise therapy, which has received much 
attention in recent years, is a training method that utilizes the 
properties of water, such as buoyancy, turbulence, hydrostatic 
pressure, and resistance to enable patients to perform exercises in 
water, thereby improving muscle strength, endurance, and 
coordination (17). A systematic review revealed that aquatic exercise 
therapy significantly enhanced patients’ static balance compared to 
land-based exercise (18). While aquatic exercise therapy has beneficial 
effects on gait, balance, and mobility in the early stages of PD that are 
equivalent to those of land-based physical therapy, the ideal exercise 
dose, training content, and effective duration are still up for debate 
(19). A recent study found that 36.5% of individuals with PD 
experienced dyspnea in water and that they are potentially at risk of 
drowning due to their asymmetrical motor characteristics, which 
make it difficult to execute complex movements (20). Furthermore, 
approximately 30% of patients will develop dementia and severe 
executive dysfunction, which impairs semantics, situational memory, 
and visuospatial perception and construction (3). This will impose 
stricter requirements on the venue, hydrotherapy equipment, and 
supervisory staff. Therefore, there are limitations in the application of 
aquatic exercise therapy for elderly patients with mid to late-stage 
PD. However, the anti-gravity treadmill is more comfortable than 
traditional support belt weight-loss training systems, allowing patients 
to focus more on correct gait, and can provide more comfortable 
aerobic exercise and walking (21). Based on this premise, this review 
summarizes and analyzes the relevant studies on the application and 
mechanism of the anti-gravity treadmill in PD patients aiming to 
provide a reference for PD rehabilitation practice and establish a 
theoretical basis for future research in this area.

2 Anti-gravity treadmill

The use of treadmills in gait analysis and rehabilitation training 
approaches has been widespread, as they facilitate the execution of 
various gait cycles while maintaining the patient’s natural gait 
performance (22). One of the primary therapeutic objectives of PD is 
to maintain mobility and physical function. The treadmill makes it 

possible to train continuously and rhythmically, which creates the 
perfect environment for mimicking the precise motions required for 
a stabilized gait. However, there are safety concerns while using typical 
treadmills since individuals with mid to late-stage Parkinson’s disease 
(PD) often experience cognitive impairment, impaired somatic 
function, and a higher risk of falling (23).

Extended exposure to microgravity during spaceflight can lead to 
serious deterioration of astronauts’ physical functions (24). The anti-
gravity treadmill, developed by the National Aeronautics and Space 
Administration (NASA), is a novel body weight-supported walking 
training system that utilizes air pressure differences in space to mimic 
the Earth’s gravitational pull to prevent astronauts from losing bone 
mass and muscle deterioration. It can effectively minimize the effects of 
gravity on their bodies. Today, it is increasingly utilized in sports and 
clinical settings, including patients with running injuries (25), 
osteoarthritis (26), cerebral palsy (27, 28), pelvic stress fractures (29), 
etc. The anti-gravity treadmill is simple to operate and requires relatively 
little from the patient. The patient wears specially designed shorts 
connected to an airbag that aligns with the waist. The system calibrates 
the airbag to the patient’s size and weight. When air is blown in, the air 
pressure of the pneumatic system reduces the force of gravity in 1% 
increments, up to 80%, reducing the risk of falling to almost zero and 
providing a high degree of safety. It not only alleviates the patient’s fear 
but also helps to improve patient motivation and compliance (26, 30). 
The patient’s lower limbs can swing more naturally while maintaining 
gait mechanics because of the device’s decentralized and uniform weight 
support, which is beneficial for neuromuscular re-education and more 
by physiological movement patterns (31). The anti-gravity treadmill not 
only produces similar effects as aquatic exercise therapy but also can 
accurately and gradually adjust the patient’s weight bearing. The 
U.S. Food and Drug Administration has approved the use of the anti-
gravity treadmill in outpatient medical and physical therapy clinics, and 
it is safe for intracranial and systemic hemodynamic parameters (32).

3 The application of anti-gravity 
treadmill in the rehabilitation of 
Parkinson’s disease patients

3.1 Improving postural gait abnormalities in 
Parkinson’s disease patients

In the early-stage PD, patients’ postural abnormalities are mainly 
characterized by forward or lateral trunk flexion during standing, and 
head and neck flexion (33, 34), when functional deficits are relatively 
minor significant milestone indicating the progression of the disease is 
the onset of freezing gait. A study of the kinetics of the turning process 
in 23 PD patients revealed that individuals with PD turn more slowly and 
require more steps to complete the turning maneuver (35). Mortality 
tends to rise when patients develop postural and gait symptoms——
mainly due to falls, hip fractures, etc. Typically, an individual with PD 
experiences a seven-year decrease in life expectancy after they start to fall 
(36). The pathophysiologic causes and determinants of freezing gait are 
multifaceted. Fasano et al. (37) found that the site of the lesion leading to 
freezing gait is functionally connected to a focal area in the dorsomedial 
cerebellum; Lewis et  al. (38) proposed that there are different 
pathophysiologic circuits in the brain and that alterations or damage to 
individual circuits can imbalance the entire neural network, ultimately 
leading to the development of a freezing gait.
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PD patients may exhibit excessive muscle activity in the muscles 
governing their knee joint (39). Patients can improve their gait with 
most forms of physical activity (6). Exercise in a body weight-supported 
environment promotes normalized activation of the extensor muscles 
of the lower extremities in PD patients, and extensor off-activation time 
and peak muscle activation will normalize when weight support 
approaches 80% (39). PD patients may see a reduction in over-activation 
of their extensor muscles in a low-gravity environment which can help 
patients with their postural irregularities and efficiently manage the tone 
of their lower limb muscles. PD patients benefit from treadmill training 
which improves their gait and walking ability, including stride length 
and walking speed (40, 41). A result of a randomized controlled study 
showed that 8 weeks of treadmill training significantly improved gait 
and postural stability in PD patients. Rose et al. (42) reported that PD 
patients had a 10.6% increase in mean walking distance after 8 weeks of 
aerobic exercise on anti-gravity treadmill. Baizabal-Carvallo et al. (43) 
investigated the effects of 4 weeks of anti-gravity treadmill training in 
PD patients with moderate-to-severe gait freezing, revealing increased 
gait speed and stride length. 84% of the patients reported moderate or 
significant improvement in gait, indicating potential benefits of the anti-
gravity treadmill even in PD patients with low MoCA scores (i.e., 
cognitive deficits are present). The pathophysiology of freezing gait is 
intricate, and the neurophysiologic mechanisms by which anti-gravity 
treadmills improve freezing gait are not yet fully comprehended. 
However, some researchers have hypothesized that under low-gravity 
conditions, decreased ground reaction forces and reduced 
proprioceptive inputs may lead to better integration of neuronal motor 
circuits with certain motor abilities in PD patients and that patients may 
also be  able to enhance neuronal compensatory mechanisms by 
improving their gait (43), which may lead to an improvement in freezing 
gait. PD patients who are older may find it difficult to run or increase 
their walking speed without fear of falling when using the traditional 
treadmill. Steadily raising their weight on the anti-gravity treadmill until 
they can support their entire body weight, enables them to practice 
exercises and gradually boost their self-confidence in their 
athletic ability.

3.2 Improving balance and physical activity 
in Parkinson’s disease patients

Physical activity is defined as any bodily movement caused by 
skeletal muscles that results in energy expenditure (44). According to 
studies, those who engage in regular, prolonged, moderate-to-intense 
physical activity have a 40% lower chance of acquiring PD than people 
who lead sedentary lives (45). Muscle weakness and other motor 
deficits significantly hinder the ability of people with PD to participate 
in physical activities, resulting in significantly lower levels of physical 
activity (46). PD patients who fall frequently also have trouble 
performing daily tasks and have a strong dread of falling again (47). If 
balance deficits and fear of falling persist or worsen, this may prevent 
PD patients from performing activities of daily living. Matinolli et al. 
(48) indicated that increased disease severity and postural sway seem 
to be the most important independent risk factors for the occurrence 
of falls in PD patients. A recent survey of falls in PD patients showed 
that falls were twice as frequent as in age-matched older adults (49).

In PD-affected mice, exercise has been demonstrated to boost 
dopamine receptor DA-D2R (50), and comparable outcomes have been 
seen in PD patients (51). Research has shown that after 4 weeks of 

anti-gravity training, the Test of Timed Up and Go (TUG) was shortened 
by 7 s in PD patients (43), which significantly improved the dynamic 
balance and reduced the risk of falls. In the sagittal and cross-sectional 
planes, PD patients demonstrated increased performance in executing 
dynamic balance-related tasks after 8 weeks of anti-gravity treadmill 
training, as evidenced by a 24% improvement in the completion time of 
the five sit-to-stand tests (52). However, this study had a small sample 
size and only male PD patients. Further studies are required to investigate 
the effects of an anti-gravity treadmill on dynamic balance and physical 
activity in PD patients in a larger sample size.

3.3 Improving cognitive impairment in 
Parkinson’s disease patients

One of the most common non-motor symptoms of PD is cognitive 
dysfunction; at the time of diagnosis, 20%–33% of individuals had 
modest cognitive impairment (53). Research has demonstrated a 
significant correlation between motor and motor learning deficits and 
cognitive dysfunction in PD patients (54, 55). Nevertheless, bradykinesia 
is a risk factor for mild cognitive impairment in PD patients and this 
population is at higher risk for cognitive impairment (56). Patients with 
early PD had significantly lower serum BDNF levels compared to healthy 
controls (57). However, experimental animal studies have shown that the 
treadmill exercise increased the levels of BDNF and GDNF in the 
striatum of a rat model of PD (58, 59), upregulated the levels of Nrf2 and 
γGCLC, and reversed dopaminergic neurodegeneration of the 
substantial nigrastrata (60). They exert neurorestorative and 
neuroprotective effects by modulating neurotrophic factors to stimulate 
synapse formation and angiogenesis, inhibit oxidative stress, and 
improve mitochondrial function. Johansson et al. (61) demonstrated that 
aerobic exercise reduces brain atrophy, stabilizes motor processes, and 
enhances cognitive performance in PD patients by stimulating functional 
and structural plasticity in cortical striatal sensorimotor and cognitive 
control networks, while Fisher et al. (51) showed that exercise increases 
the neuroplasticity of dopaminergic signaling. A review noted that in PD 
patients, strength, flexibility, motor control, and cognitive abilities are 
consistently improved by exercise, resulting in better functional abilities 
(62). These findings are consistent with those of PD animal models.

Besides providing similar benefits to aerobic training on a 
conventional treadmill, the anti-gravity treadmill is also more applicable 
to elderly, less mobile, and mid-to-late-stage PD patients. However, there 
are still gaps in research on exercise therapy to improve cognitive deficits 
in patients with PD, and more large-sample, multicenter, randomized 
controlled studies need to be included in the future to guide a more 
diverse range of rehabilitative treatments for PD patients.

3.4 Improving the quality of life and sleep 
disorders for Parkinson’s disease patients

The motor and non-motor symptoms of PD significantly impact 
the quality of life, including physical, mental, emotional, social, and 
economic aspects. A meta-analysis revealed that PD patients scored 
poorer on most measures of quality of life than healthy controls, 
particularly in terms of their physical and mental well-being (54). 
Numerous studies have shown that depression is the most significant 
factor affecting quality of life (63, 64), accounting for 60% of the 
quality of life impairment (65). Anxiety, apathy, and pain are also 
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associated with quality of life in PD patients (66) and have a greater 
impact than motor symptoms. Patient’s reduced quality of life not only 
hurts their treatment plan but also shortens their life expectancy (67).

Anti-gravity treadmill training can improve the quality of life and 
negative emotions in PD patients. Research reveals that after 8 weeks of 
anti-gravity treadmill exercise, PD patients experienced a significant 
improvement in their PDQ-39 index, with an average increase of 8.3 
points in the composite index, representing a 32.6% improvement 
compared to healthy controls (42). Atan et al. (68) found significant 
improvements in energy and physical activity subgroup scores on the 
Nottingham Health Profile (NHP) after a 6-week weight support training 
program for PD patients. Animal experiments demonstrated that 
treadmill exercise prevented depressive-like behavior and restored the 
levels of proBDNF, BDNF, and TrkB in the striatum and hippocampus of 
mice with PD, suggesting the effectiveness of exercise training in 
neuroprotection of the striatum and hippocampus (69). However, there 
is considerable variation in the scales currently used in different studies 
investigating quality of life, depression, and anxiety in PD patients. For 
example, several research measures like the Hamilton Depression Rating 
Scale (HDRS) and the Beck Depression Inventory (BDI) used for 
assessing depression in PD patients have not received approval for use 
within this patient population (70). To assure high-quality study data and 
enable comparability among related studies, we strongly advise researchers 
to use officially recommended or suggested scales in their future research, 
as well as provide details about the statistical procedures used.

Given the distress caused by motor and non-motor symptoms in 
PD patients, along with the prevalence of anxiety, depression, and 
adverse reactions to medications, they are susceptible to sleep 
disorders, which can negatively affect the regression of the disease. 
Sleep represents the most common non-motor symptom of PD, with 
a prevalence of approximately 47.66%–89.10% (71). Research indicates 
that both physical activity levels and ideal sleep patterns are 
independently associated with a lower risk of PD, whereas individuals 
with high physical activity levels and ideal sleep patterns have the 
lowest risk of developing PD. Therefore, enhancing physical activity 
levels and sleep quality may be promising targets for intervention to 
prevent PD (72). A study noted that treadmill training increased 
cortical striatal neuroplasticity and dopamine release, thereby 
improving sleep quality (73). Treadmill training represents the most 
straightforward type of aerobic exercise, and the anti-gravity treadmill, 
amalgamating the benefits of the traditional treadmill and is more 
practical and safer in PD, can be  effective in improving physical 
activity levels and sleep disorders in PD patients, thereby improving 
their quality of life. However, other studies with larger sample sizes 
and higher quality are needed to validate the effects of the anti-gravity 
treadmill on the quality of life of PD patients.

4 Conclusion and future directions

Recent studies have demonstrated that anti-gravity treadmill 
training effectively ameliorates postural gait abnormalities in PD 
patients, mitigates fall risks, and enhances both balance function and 
mobility. Moreover, anti-gravity treadmill training yields substantial 
benefits for PD patients, addressing cognitive deficits, sleep disorders, 
and overall quality of life. This study provides a reference for the 
rehabilitation practice of PD patients and provides new rehabilitation 
ideas for better returning to family and society.

However, it is regrettable that there remains a paucity of studies 
investigating the application of anti-gravity treadmills in the 
rehabilitation of PD and other neurodegenerative diseases. Existing 
research has primarily emphasized the enhancement of gait 
abnormalities and balance function in Parkinson’s disease patients, 
overlooking critical issues like cognitive deficits and quality of life 
aspects, which significantly impact Parkinson’s disease patients. 
Consequently, further research efforts should encompass large-scale, 
multicenter, randomized controlled trials to address these gaps and 
offer comprehensive guidance on PD patient rehabilitation.

In addition, exercise prescription for anti-gravity treadmill is also a 
direction for future research. It includes exercise duration, exercise 
intensity, exercise frequency, percentage of weight loss, and dual- or 
multitasking needs to be further investigated. Furthermore, there is 
inadequate evidence-based medical support for determining the 
optimal training regimen for PD patients with varying disease processes, 
necessitating further exploration into the effectiveness disparity among 
different exercise regimens and their duration of efficacy. Future trials 
should adopt a rigorous study design, use both subjective and objective 
outcome measures, and conduct long-term follow-ups to determine 
more effective strategies for anti-gravity treadmill management in PD.

In conclusion, the anti-gravity treadmill stands as a burgeoning 
rehabilitation device that gradually reduces gravity, leading to weight 
loss akin to aquatic therapy but with enhanced safety. Its potential to 
enhance daily activity in PD patients and its favorable clinical 
application outlook make it a safe and efficient exercise alternative, 
particularly beneficial for elderly individuals with advanced PD and 
restricted mobility necessitating comprehensive supervision.

Author contributions

YZ: Project administration, Writing – original draft, Writing – 
review & editing. YS: Writing – original draft. RF: Writing – review & 
editing, Writing – original draft. WH: Writing – review & editing, 
Writing – original draft. PH: Supervision, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This research 
was supported by a grant from the Fundamental Research Funds for 
the Central Universities (Exercise Rehabilitation Science Laboratory, 
20212068).

Acknowledgments

The authors would like to acknowledge the contributions to 
manuscript preparation and submission made by Cao H. J.

Conflict 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.

https://doi.org/10.3389/fneur.2024.1401256
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Zheng et al. 10.3389/fneur.2024.1401256

Frontiers in Neurology 05 frontiersin.org

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.

References
 1. Jankovic J. Parkinson’s disease: clinical features and diagnosis. J Neurol Neurosurg 

Psychiatry. (2008) 79:368–76. doi: 10.1136/jnnp.2007.131045

 2. Sidransky E, Nalls MA, Aasly JO, Aharon-Peretz J, Annesi G, Barbosa ER, et al. 
Multicenter analysis of glucocerebrosidase mutations in Parkinson’s disease. N Engl J 
Med. (2009) 361:1651–61. doi: 10.1056/NEJMoa0901281

 3. Tolosa E, Garrido A, Scholz SW, Poewe W. Challenges in the diagnosis of 
Parkinson’s disease. Lancet Neurol. (2021) 20:385–97. doi: 10.1016/
S1474-4422(21)00030-2

 4. Rahimpour S, Gaztanaga W, Yadav AP, Chang SJ, Krucoff MO, Cajigas I, et al. 
Freezing of gait in Parkinson’s disease: invasive and noninvasive neuromodulation. 
Neuromodulation Technol Neural Interface. (2021) 24:829–42. doi: 10.1111/ner.13347

 5. Kwok JYY, Smith R, Chan LML, Lam LCC, Fong DYT, Choi EPH, et al. Managing 
freezing of gait in Parkinson’s disease: a systematic review and network meta-analysis. J 
Neurol. (2022) 269:3310–24. doi: 10.1007/s00415-022-11031-z

 6. Hvingelby VS, Glud AN, Sørensen JCH, Tai Y, Andersen ASM, Johnsen E, et al. 
Interventions to improve gait in Parkinson’s disease: a systematic review of randomized 
controlled trials and network meta-analysis. J Neurol. (2022) 269:4068–79. doi: 10.1007/
s00415-022-11091-1

 7. Kerr GK, Worringham CJ, Cole MH, Lacherez PF, Wood JM, Silburn PA. Predictors 
of future falls in Parkinson disease. Neurology. (2010) 75:116–24. doi: 10.1212/
WNL.0b013e3181e7b688

 8. Yu J, Wu J, Lu J, Wei X, Zheng K, Liu B, et al. Efficacy of virtual reality training on 
motor performance, activity of daily living, and quality of life in patients with Parkinson’s 
disease: an umbrella review comprising meta-analyses of randomized controlled trials. 
J Neuroeng Rehabil. (2023) 20:133. doi: 10.1186/s12984-023-01256-y

 9. Moon S, Sarmento CVM, Smirnova IV, Colgrove Y, Lyons KE, Lai SM, et al. Effects 
of qigong exercise on non-motor symptoms and inflammatory status in Parkinson’s 
disease: a protocol for a randomized controlled trial. Medicines. (2019) 6:13. doi: 
10.3390/medicines6010013

 10. Nadeau A, Lungu O, Boré A, Plamondon R, Duchesne C, Robillard M-È, et al. 
A 12-week cycling training regimen improves upper limb functions in people with 
Parkinson’s disease. Front Hum Neurosci. (2018) 12:351. doi: 10.3389/
fnhum.2018.00351

 11. Deuschl G, Krack P, Bötzel K, Dillmann U, Gruber D, Hilker R, et al. A randomized 
trial of deep-brain stimulation for Parkinson’s disease. N Engl J Med. (2006) 355:896–908. 
doi: 10.1056/NEJMoa060281

 12. Scelzo E, Beghi E, Rosa M, Angrisano S, Antonini A, Bagella C, et al. Deep brain 
stimulation in Parkinson’s disease: a multicentric, long-term, observational pilot study. 
J Neurol Sci. (2019) 405:116411. doi: 10.1016/j.jns.2019.07.029

 13. Zhang L, Yang H. Research progress of neural stem cells as a source of 
dopaminergic neurons for cell therapy in Parkinson’s disease. Mol Biol Rep. (2024) 
51:347. doi: 10.1007/s11033-024-09294-y

 14. Galna B, Lord S, Burn DJ, Rochester L. Progression of gait dysfunction in incident 
Parkinson’s disease: impact of medication and phenotype. Mov Disord. (2015) 30:359–67. 
doi: 10.1002/mds.26110

 15. Herman T, Barer Y, Bitan M, Sobol S, Giladi N, Hausdorff JM. A meta-analysis 
identifies factors predicting the future development of freezing of gait in Parkinson’s 
disease. NPJ Parkinsons Dis. (2023) 9:158. doi: 10.1038/s41531-023-00600-2

 16. Goldman JG, Volpe D, Ellis TD, Hirsch MA, Johnson J, Wood J, et al. Delivering 
multidisciplinary rehabilitation Care in Parkinson’s disease: an international consensus 
statement. J Parkinsons Dis. (2024) 14:135–66. doi: 10.3233/JPD-230117

 17. Pinto C, Salazar AP, Marchese RR, Stein C, Pagnussat AS. The effects of 
hydrotherapy on balance, functional mobility, motor status, and quality of life in patients 
with Parkinson disease: a systematic review and Meta-analysis. PM R. (2019) 11:278–91. 
doi: 10.1016/j.pmrj.2018.09.031

 18. Qian Y, Fu X, Zhang H, Yang Y, Wang G. Comparative efficacy of 24 exercise types 
on postural instability in adults with Parkinson’s disease: a systematic review and 
network meta-analysis. BMC Geriatr. (2023) 23:522. doi: 10.1186/s12877-023-04239-9

 19. Carroll LM, Morris ME, O’Connor WT, Clifford AM. Is aquatic therapy optimally 
prescribed for Parkinson’s disease? A systematic review and Meta-analysis. J Parkinsons 
Dis. (2020) 10:59–76. doi: 10.3233/JPD-191784

 20. Neves MA, Bouça-Machado R, Guerreiro D, Caniça V, Ferreira JJ. Risk of 
drowning in people with Parkinson’s disease. Mov Disord. (2018) 33:1507–8. doi: 
10.1002/mds.27473

 21. Duran ÜD, Duran M, Tekin E, Demir Y, Aydemir K, Aras B, et al. Comparison of 
the effectiveness of anti-gravity treadmill exercises and underwater walking exercises on 

cardiorespiratory fitness, functional capacity and balance in stroke patients. Acta Neurol 
Belg. (2023) 123:423–32. doi: 10.1007/s13760-022-02012-0

 22. Van Hedel HJA, Tomatis L, Müller R. Modulation of leg muscle activity and gait 
kinematics by walking speed and bodyweight unloading. Gait Posture. (2006) 24:35–45. 
doi: 10.1016/j.gaitpost.2005.06.015

 23. Fabbri M, Kauppila LA, Ferreira JJ, Rascol O. Challenges and perspectives in the 
Management of Late-Stage Parkinson’s disease. J Parkinsons Dis. 10:S75–83. doi: 
10.3233/JPD-202096

 24. Yilmaz K, Burnley M, Böcker J, Müller K, Jones AM, Rittweger J. Influence of 
simulated hypogravity on oxygen uptake during treadmill running. Physiol Rep. (2021) 
9:e14787. doi: 10.14814/phy2.14787

 25. Vincent HK, Madsen A, Vincent KR. Role of antigravity training in rehabilitation 
and return to sport after running injuries. Arthrosc Sports Med Rehabil. (2022) 4:e141–9. 
doi: 10.1016/j.asmr.2021.09.031

 26. Kawae T, Mikami Y, Fukuhara K, Kimura H, Adachi N. Anti-gravity treadmill can 
promote aerobic exercise for lower limb osteoarthritis patients. J Phys Ther Sci. (2017) 
29:1444–8. doi: 10.1589/jpts.29.1444

 27. Dadashi F, Kharazi MR, Lotfian M, Shahroki A, Mirbagheri A, Mirbagheri MM. 
The effects of lower body positive pressure treadmill training on dynamic balance of 
children with cerebral palsy. Annu Int Conf IEEE Eng Med Biol Soc. (2018) 2018:2487–90. 
doi: 10.1109/EMBC.2018.8512837

 28. Kurz MJ, Corr B, Stuberg W, Volkman KG, Smith N. Evaluation of lower body 
positive pressure supported treadmill training for children with cerebral palsy. Pediatr 
Phys Ther. (2011) 23:232–9. doi: 10.1097/PEP.0b013e318227b737

 29. Tenforde AS, Watanabe LM, Moreno TJ, Fredericson M. Use of an antigravity 
treadmill for rehabilitation of a pelvic stress injury. PM R. (2012) 4:629–31. doi: 
10.1016/j.pmrj.2012.02.003

 30. Saxena A, Granot A. Use of an anti-gravity treadmill in the rehabilitation of the 
operated achilles tendon: a pilot study. J Foot Ankle Surg. (2011) 50:558–61. doi: 
10.1053/j.jfas.2011.04.045

 31. Fazzari C, Macchi R, Kunimasa Y, Ressam C, Casanova R, Chavet P, et al. Muscle 
synergies inherent in simulated hypogravity running reveal flexible but not unconstrained 
locomotor control. Sci Rep. (2024) 14:2707. doi: 10.1038/s41598-023-50076-6

 32. Cutuk A, Groppo ER, Quigley EJ, White KW, Pedowitz RA, Hargens AR. 
Ambulation in simulated fractional gravity using lower body positive pressure: 
cardiovascular safety and gait analyses. J Appl Physiol. (2006) 101:771–7. doi: 10.1152/
japplphysiol.00644.2005

 33. Cao S, Cui Y, Jin J, Li F, Liu X, Feng T. Prevalence of axial postural abnormalities 
and their subtypes in Parkinson’s disease: a systematic review and meta-analysis. J 
Neurol. (2023) 270:139–51. doi: 10.1007/s00415-022-11354-x

 34. Kashihara K, Imamura T. Clinical correlates of anterior and lateral flexion of the 
thoracolumbar spine and dropped head in patients with Parkinson’s disease. 
Parkinsonism Relat Disord. (2012) 18:290–3. doi: 10.1016/j.parkreldis.2011.11.012

 35. Hong M, Perlmutter JS, Earhart GM. A kinematic and electromyographic analysis 
of turning in people with Parkinson disease. Neurorehabil Neural Repair. (2009) 
23:166–76. doi: 10.1177/1545968308320639

 36. Bloem BR, Hausdorff JM, Visser JE, Giladi N. Falls and freezing of gait in 
Parkinson’s disease: a review of two interconnected, episodic phenomena. Mov Disord. 
(2004) 19:871–84. doi: 10.1002/mds.20115

 37. Fasano A, Laganiere SE, Lam S, Fox MD. Lesions causing freezing of gait localize to a 
cerebellar functional network. Ann Neurol. (2017) 81:129–41. doi: 10.1002/ana.24845

 38. Lewis SJG, Shine JM. The next step: a common neural mechanism for freezing of 
gait. Neuroscientist. (2016) 22:72–82. doi: 10.1177/1073858414559101

 39. Rose MH, Løkkegaard A, Sonne-Holm S, Jensen BR. Effects of training and weight 
support on muscle activation in Parkinson’s disease. J Electromyogr Kinesiol. (2013) 
23:1499–504. doi: 10.1016/j.jelekin.2013.07.012

 40. Mehrholz J, Kugler J, Storch A, Pohl M, Hirsch K, Elsner B. Treadmill training for 
patients with Parkinson’s disease. Cochrane Database Syst Rev. (2015) 2015:CD007830. 
doi: 10.1002/14651858.CD007830.pub4

 41. Herman T, Giladi N, Hausdorff JM. Treadmill training for the treatment of gait 
disturbances in people with Parkinson’s disease: a mini-review. J Neural Transm. (2009) 
116:307–18. doi: 10.1007/s00702-008-0139-z

 42. Rose MH, Løkkegaard A, Sonne-Holm S, Jensen BR. Improved clinical status, 
quality of life, and walking capacity in Parkinson’s disease after body weight-supported 
high-intensity locomotor training. Arch Phys Med Rehabil. (2013) 94:687–92. doi: 
10.1016/j.apmr.2012.11.025

https://doi.org/10.3389/fneur.2024.1401256
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1136/jnnp.2007.131045
https://doi.org/10.1056/NEJMoa0901281
https://doi.org/10.1016/S1474-4422(21)00030-2
https://doi.org/10.1016/S1474-4422(21)00030-2
https://doi.org/10.1111/ner.13347
https://doi.org/10.1007/s00415-022-11031-z
https://doi.org/10.1007/s00415-022-11091-1
https://doi.org/10.1007/s00415-022-11091-1
https://doi.org/10.1212/WNL.0b013e3181e7b688
https://doi.org/10.1212/WNL.0b013e3181e7b688
https://doi.org/10.1186/s12984-023-01256-y
https://doi.org/10.3390/medicines6010013
https://doi.org/10.3389/fnhum.2018.00351
https://doi.org/10.3389/fnhum.2018.00351
https://doi.org/10.1056/NEJMoa060281
https://doi.org/10.1016/j.jns.2019.07.029
https://doi.org/10.1007/s11033-024-09294-y
https://doi.org/10.1002/mds.26110
https://doi.org/10.1038/s41531-023-00600-2
https://doi.org/10.3233/JPD-230117
https://doi.org/10.1016/j.pmrj.2018.09.031
https://doi.org/10.1186/s12877-023-04239-9
https://doi.org/10.3233/JPD-191784
https://doi.org/10.1002/mds.27473
https://doi.org/10.1007/s13760-022-02012-0
https://doi.org/10.1016/j.gaitpost.2005.06.015
https://doi.org/10.3233/JPD-202096
https://doi.org/10.14814/phy2.14787
https://doi.org/10.1016/j.asmr.2021.09.031
https://doi.org/10.1589/jpts.29.1444
https://doi.org/10.1109/EMBC.2018.8512837
https://doi.org/10.1097/PEP.0b013e318227b737
https://doi.org/10.1016/j.pmrj.2012.02.003
https://doi.org/10.1053/j.jfas.2011.04.045
https://doi.org/10.1038/s41598-023-50076-6
https://doi.org/10.1152/japplphysiol.00644.2005
https://doi.org/10.1152/japplphysiol.00644.2005
https://doi.org/10.1007/s00415-022-11354-x
https://doi.org/10.1016/j.parkreldis.2011.11.012
https://doi.org/10.1177/1545968308320639
https://doi.org/10.1002/mds.20115
https://doi.org/10.1002/ana.24845
https://doi.org/10.1177/1073858414559101
https://doi.org/10.1016/j.jelekin.2013.07.012
https://doi.org/10.1002/14651858.CD007830.pub4
https://doi.org/10.1007/s00702-008-0139-z
https://doi.org/10.1016/j.apmr.2012.11.025


Zheng et al. 10.3389/fneur.2024.1401256

Frontiers in Neurology 06 frontiersin.org

 43. Baizabal-Carvallo JF, Alonso-Juarez M, Fekete R. Anti-gravity treadmill training for 
freezing of gait in Parkinson’s disease. Brain Sci. (2020) 10:739. doi: 10.3390/brainsci10100739

 44. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical 
fitness: definitions and distinctions for health-related research. Public Health Rep. (1985) 
100:126–31.

 45. Thacker EL, Chen H, Patel AV, McCullough ML, Calle EE, Thun MJ, et al. 
Recreational physical activity and risk of Parkinson’s disease. Mov Disord. (2008) 
23:69–74. doi: 10.1002/mds.21772

 46. van Nimwegen M, Speelman AD, Hofman-van Rossum EJM, Overeem S, Deeg 
DJH, Borm GF, et al. Physical inactivity in Parkinson’s disease. J Neurol. (2011) 
258:2214–21. doi: 10.1007/s00415-011-6097-7

 47. Nero H, Franzén E, Ståhle A, Benka Wallén M, Hagströmer M. Long-term effects 
of balance training on habitual physical activity in older adults with Parkinson’s disease. 
Parkinsons Dis. (2019) 2019:8769141–9. doi: 10.1155/2019/8769141

 48. Matinolli M, Korpelainen JT, Korpelainen R, Sotaniemi KA, Matinolli V-M, 
Myllylä VV. Mobility and balance in Parkinson’s disease: a population-based study. Eur 
J Neurol. (2009) 16:105–11. doi: 10.1111/j.1468-1331.2008.02358.x

 49. Silva de Lima AL, Smits T, Darweesh SKL, Valenti G, Milosevic M, Pijl M, et al. 
Home-based monitoring of falls using wearable sensors in Parkinson’s disease. Mov 
Disord. (2020) 35:109–15. doi: 10.1002/mds.27830

 50. Vučković MG, Li Q, Fisher B, Nacca A, Leahy RM, Walsh JP, et al. Exercise elevates 
dopamine D2 receptor in a mouse model of Parkinson’s disease: in vivo imaging with 
[18F]fallypride. Mov Disord. (2010) 25:2777–84. doi: 10.1002/mds.23407

 51. Fisher BE, Li Q, Nacca A, Salem GJ, Song J, Yip J, et al. Treadmill exercise elevates 
striatal dopamine D2 receptor binding potential in patients with early Parkinson’s 
disease. Neuroreport. (2013) 24:509–14. doi: 10.1097/WNR.0b013e328361dc13

 52. Malling ASB, Jensen BR. Motor intensive anti-gravity training improves 
performance in dynamic balance related tasks in persons with Parkinson’s disease. Gait 
Posture. (2016) 43:141–7. doi: 10.1016/j.gaitpost.2015.09.013

 53. Roheger M, Kalbe E, Liepelt-Scarfone I. Progression of cognitive decline in 
Parkinson’s disease. J Parkinsons Dis. (2018) 8:183–93. doi: 10.3233/JPD-181306

 54. Price A, Shin JC. The impact of Parkinson’s disease on sequence learning: 
perceptual pattern learning and executive function. Brain Cogn. (2009) 69:252–61. doi: 
10.1016/j.bandc.2008.07.013

 55. Poletti M, Frosini D, Pagni C, Baldacci F, Nicoletti V, Tognoni G, et al. Mild 
cognitive impairment and cognitive-motor relationships in newly diagnosed drug-naive 
patients with Parkinson’s disease. J Neurol Neurosurg Psychiatry. (2012) 83:601–6. doi: 
10.1136/jnnp-2011-301874

 56. Jiménez-Jiménez FJ, Alonso-Navarro H, García-Martín E, Agúndez J. Cerebrospinal 
and blood levels of amino acids as potential biomarkers for Parkinson’s disease: review and 
meta-analysis. Eur J Neurol. (2020) 27:2336–47. doi: 10.1111/ene.14470

 57. Scalzo P, Kümmer A, Bretas TL, Cardoso F, Teixeira AL. Serum levels of brain-
derived neurotrophic factor correlate with motor impairment in Parkinson’s disease. J 
Neurol. (2010) 257:540–5. doi: 10.1007/s00415-009-5357-2

 58. Tajiri N, Yasuhara T, Shingo T, Kondo A, Yuan W, Kadota T, et al. Exercise exerts 
neuroprotective effects on Parkinson’s disease model of rats. Brain Res. (2010) 
1310:200–7. doi: 10.1016/j.brainres.2009.10.075

 59. Tsai W-L, Chen H-Y, Huang Y-Z, Chen Y-H, Kuo C-W, Chen K-Y, et al. Long-term 
voluntary physical exercise exerts neuroprotective effects and motor disturbance 
alleviation in a rat model of Parkinson’s disease. Behav Neurol. (2019) 2019:1–10. doi: 
10.1155/2019/4829572

 60. Tsou Y-H, Shih C-T, Ching C-H, Huang J-Y, Jen CJ, Yu L, et al. Treadmill 
exercise activates Nrf2 antioxidant system to protect the nigrostriatal dopaminergic 
neurons from MPP+ toxicity. Exp Neurol. (2015) 263:50–62. doi: 10.1016/j.
expneurol.2014.09.021

 61. Johansson ME, Cameron IGM, Van Der Kolk NM, De Vries NM, Klimars E, Toni 
I, et al. Aerobic exercise alters brain function and structure in Parkinson’s disease: a 
randomized controlled trial. Ann Neurol. (2022) 91:203–16. doi: 10.1002/ana.26291

 62. Lauzé M, Daneault J-F, Duval C. The effects of physical activity in Parkinson’s 
disease: a review. J Parkinsons Dis. (2016) 6:685–98. doi: 10.3233/JPD-160790

 63. Hendred SK, Foster ER. Use of the World Health Organization quality of life 
assessment short version in mild to moderate Parkinson disease. Arch Phys Med Rehabil. 
(2016) 97:2123–2129.e1. doi: 10.1016/j.apmr.2016.05.020

 64. Arun MP, Bharath S, Pal PK, Singh G. Relationship of depression, disability, and 
quality of life in Parkinson’s disease: a hospital-based case-control study. Neurol India. 
(2011) 59:185–9. doi: 10.4103/0028-3886.79133

 65. Quelhas R, Costa M. Anxiety, depression, and quality of life in Parkinson’s disease. 
J Neuropsychiatry Clin Neurosci. (2009) 21:413–9. doi: 10.1176/jnp.2009.21.4.413

 66. Baig F, Lawton M, Rolinski M, Ruffmann C, Nithi K, Evetts SG, et al. Delineating 
nonmotor symptoms in early Parkinson’s disease and first-degree relatives. Mov Disord. 
(2015) 30:1759–66. doi: 10.1002/mds.26281

 67. Navarro-Peternella FM, Marcon SS. Quality of life of a person with Parkinson’s disease 
and the relationship between the time of evolution and the severity of the disease. Rev Lat 
Am Enfermagem. (2012) 20:384–91. doi: 10.1590/s0104-11692012000200023

 68. Atan T, Özyemişci Taşkıran Ö, Bora Tokçaer A, Kaymak Karataş G, Karakuş 
Çalışkan A, Karaoğlan B. Effects of different percentages of body weight-supported 
treadmill training in Parkinson’s disease: a double-blind randomized controlled trial. 
Turk. J Med Sci. (2019) 49:999–1007. doi: 10.3906/sag-1812-57

 69. Tuon T, Valvassori SS, Dal Pont GC, Paganini CS, Pozzi BG, Luciano TF, et al. 
Physical training prevents depressive symptoms and a decrease in brain-derived 
neurotrophic factor in Parkinson’s disease. Brain Res Bull. (2014) 108:106–12. doi: 
10.1016/j.brainresbull.2014.09.006

 70. Edwards E, Kitt C, Oliver E, Finkelstein J, Wagster M, McDonald WM. Depression 
and parkinson’s disease: a new look at an old problem. Depress Anxiety. (2002) 16:39–48. 
doi: 10.1002/da.10057

 71. Liu C-F, Wang T, Zhan S-Q, Geng D-Q, Wang J, Liu J, et al. Management 
recommendations on sleep disturbance of patients with Parkinson’s disease. Chin Med 
J. (2018) 131:2976–85. doi: 10.4103/0366-6999.247210

 72. Chen L-H, Sun S-Y, Li G, Gao X, Luo W, Tian H, et al. Physical activity and sleep 
pattern in relation to incident Parkinson’s disease: a cohort study. Int J Behav Nutr Phys 
Act. (2024) 21:17. doi: 10.1186/s12966-024-01568-9

 73. Sacheli MA, Neva JL, Lakhani B, Murray DK, Vafai N, Shahinfard E, et al. Exercise 
increases caudate dopamine release and ventral striatal activation in Parkinson’s disease. 
Mov Disord. (2019) 34:1891–900. doi: 10.1002/mds.27865

https://doi.org/10.3389/fneur.2024.1401256
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3390/brainsci10100739
https://doi.org/10.1002/mds.21772
https://doi.org/10.1007/s00415-011-6097-7
https://doi.org/10.1155/2019/8769141
https://doi.org/10.1111/j.1468-1331.2008.02358.x
https://doi.org/10.1002/mds.27830
https://doi.org/10.1002/mds.23407
https://doi.org/10.1097/WNR.0b013e328361dc13
https://doi.org/10.1016/j.gaitpost.2015.09.013
https://doi.org/10.3233/JPD-181306
https://doi.org/10.1016/j.bandc.2008.07.013
https://doi.org/10.1136/jnnp-2011-301874
https://doi.org/10.1111/ene.14470
https://doi.org/10.1007/s00415-009-5357-2
https://doi.org/10.1016/j.brainres.2009.10.075
https://doi.org/10.1155/2019/4829572
https://doi.org/10.1016/j.expneurol.2014.09.021
https://doi.org/10.1016/j.expneurol.2014.09.021
https://doi.org/10.1002/ana.26291
https://doi.org/10.3233/JPD-160790
https://doi.org/10.1016/j.apmr.2016.05.020
https://doi.org/10.4103/0028-3886.79133
https://doi.org/10.1176/jnp.2009.21.4.413
https://doi.org/10.1002/mds.26281
https://doi.org/10.1590/s0104-11692012000200023
https://doi.org/10.3906/sag-1812-57
https://doi.org/10.1016/j.brainresbull.2014.09.006
https://doi.org/10.1002/da.10057
https://doi.org/10.4103/0366-6999.247210
https://doi.org/10.1186/s12966-024-01568-9
https://doi.org/10.1002/mds.27865

	Research progress on the application of anti-gravity treadmill in the rehabilitation of Parkinson’s disease patients: a mini review
	1 Introduction
	2 Anti-gravity treadmill
	3 The application of anti-gravity treadmill in the rehabilitation of Parkinson’s disease patients
	3.1 Improving postural gait abnormalities in Parkinson’s disease patients
	3.2 Improving balance and physical activity in Parkinson’s disease patients
	3.3 Improving cognitive impairment in Parkinson’s disease patients
	3.4 Improving the quality of life and sleep disorders for Parkinson’s disease patients

	4 Conclusion and future directions
	Author contributions

	References

