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Abstract 

Background Among various body weight-supported locomotor training methods for neurological patients, some 
studies have recognized the lower body positive pressure (LBPP) treadmill as superior for gait training in neurological 
patients. The aim of this study is to explore the clinical use and efficacy of LBPP treadmill gait training in neurological 
patients.

Methods A systematic review was performed following PRISMA guidelines. The inclusion criteria were studies pub-
lished in English using LBPP with neurological patients were included from the database’s inception to March 2023 
to avoid misinterpretation of translation. The search was conducted in multiple databases, including Google Scholar, 
PubMed, Scopus, PEDro, and the Cochrane Database. To improve accuracy and comprehensiveness, studies men-
tioned in the main articles were also evaluated.

Results The search identified 16 articles that use LBPP with neurological patients. Only a few randomized control 
studies on the use of LBPP after stroke have been reported. For neurological rehabilitation, LBPP treadmill gait training 
is safe and feasible. Current research suggests that using the LBPP treadmill in conjunction with traditional rehabili-
tation treatment has a successively beneficial impact on motor function, particularly in patients with subacute to 
chronic stroke and Parkinson’s disease. There are no studies that compare the LBPP to the body weight supported 
treadmill (BWST). Furthermore, to the best of our knowledge, the LBPP treadmill has not yet been evaluated on for its 
effectiveness in treating traumatic brain injury (TBI) or spinal cord injury (SCI).

Conclusion There was insufficient evidence to support the claim that LBPP is effective and superior to other gait 
training methods. Larger randomized control studies with sufficient sample sizes are needed to better understand 
the potential effects of the LBPP treadmill intervention on the functional performance of people with neurological 
disorders.

Keywords Gait, Stroke, Partial weight-bearing, Walking, Neurological rehabilitation

Introduction
Individuals with neurological impairments, such as 
stroke, Parkinson’s disease (PD), spinal cord injury (SCI), 
multiple sclerosis (MS), cerebral palsy (CP), or traumatic 
brain injury (TBI), often experience lasting locomotor 
deficits, including decreased gait speed and endurance 
as well as increased gait energy cost [1]. The conse-
quences of immobility for individuals with neurological 
impairments are numerous. Patients with neurological 
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impairments have an increased risk of severe restrictions 
on daily life, an increased risk of falling, and a dimin-
ished quality of life [1]. Therefore, improving walking 
ability is a major goal in neurological rehabilitation [2, 
3]. In the twenty-first century, several novel locomotor 
training tools were developed to provide task-oriented 
practice with high repetitions for individuals with neuro-
logical impairments [4]. These tools have the potential to 
enhance recovery of locomotion and physical and cardi-
orespiratory fitness [5], reduced spasticity, improved bal-
ance, and increased bone density [6].

Locomotor training can be performed in a variety of 
sitting including overground [7], underwater [8], on a 
robot [9, 10], or on a treadmill [11, 12]. Treadmill and 
robotic gait training allow for greater repetition of step-
ping in a safe, controlled environment and with greater 
intensity than overground gait training [13]. However, it 
is important to perform symmetrical and physiological 
walking to appropriately stimulate the locomotor cent-
ers and, consequently, activate the paralyzed muscle [14]. 
Most often, a body weight supported treadmill (BWST) 
utilizes an overhead harness to unload the patient’s 
weight. Two to three physical therapists are needed for 
gait training with a BWST. However, patients often do 
not feel comfortable using the overhead harness due to 
the straps’ pressure points, which may reduce the dura-
tion of the training sessions [15].

BWST and the robotic exoskeleton have been shown 
to improve gait function compared to overground. How-
ever, the effects of these interventions are still being 
debated [16, 17]. Recently, a new gait training method 
called lower body positive pressure (LBPP) treadmill gait 
training has been developed. LBPP treadmill (Fig. 1) has 
been extensively investigated as a method of gait train-
ing [18–20]. LBPP treadmills use air pressure to sup-
port the patient’s weight, allowing them to walk with less 
effort [15]. One of the advantages of LBPP treadmill gait 
training is that it applies even air pressure to the lower 
extremity. This helps to maintain normal muscle activa-
tion and gait patterns [20, 21]. LBPP has the potential 
to be a superior gait training method compared to other 
body weight supported locomotor training methods [20, 
21].

National Aeronautics and Space Administration 
(NASA) develop the antigravity treadmill as a technique 
for astronauts to maintain fitness in space [22]. In Janu-
ary 2008, the U.S. Food and Drug Administration (FDA) 
approved the G-Trainer (LBPP) for medical use. The 
LBPP apparatus consists of a treadmill within a waist-
high chamber, an air compressor, and a monitoring 
screen. When the air compressor raises the pressure in 
the chamber above atmospheric pressure, it creates an 
axial buoyant force that is proportional to the patient’s 

cross-sectional area. This pressure reduces patient weight 
loading and allows for gait training [23, 24]. The safety 
and feasibility of the LBPP procedure has been investi-
gated in healthy individuals [24, 25], orthopedic patients 
[18, 19], and neurological patients [18–20, 26–28].

LBPP is a locomotor training approach that can be used 
to facilitate postoperative rehabilitation after knee sur-
gery and lower-limb athletic injuries. It can also be used 
to minimize ground reaction forces during walking or 
running [18, 29, 30]. LBPP technology can efficiently and 
safely reduce body weight and relieve knee pain during 
weight-bearing exercise in overweight knee osteoarthritis 
(OA) patients [29]. Furthermore, LBPP has recently been 
used as a rehabilitation tool for neurological patients [8, 
20, 31–36]. However, the present evidence regarding its 
clinical use and efficacy in the neurological population 
with locomotor deficits is insufficient. Furthermore, no 
synthesis has been produced, which could play an essen-
tial role in guiding future research. Therefore, this review 
aims to explore the clinical use and efficacy of LBPP gait 
training in neurological patients.

Methods
Data source and literature search
This review followed the PRISMA guidelines [37] and 
used an internet-based search to identify relevant studies. 

Fig. 1 Lower body positive pressure treadmill (LBPP)
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The search was conducted on multiple databases, includ-
ing PubMed, Scopus, PEDro, the Cochrane Database, 
and Google Scholar. The search strategy was built on the 
following keywords: lower body positive pressure, anti-
gravity treadmill, stroke, cerebrovascular accident, spinal 
cord injury, Parkinson’s disease, and multiple sclerosis. 
These keywords were used either separately or in combi-
nation with other search terms.

Eligibility criteria
The studies included in the review were experimental 
studies that used the LBPP treadmill on neurological 
patients. The studies were published in English from the 
inception of the database until March 2023 to avoid mis-
interpretation due to translation. The following types of 
studies were included in the review: randomized control 
trials (RCTs), pre- and post-studies, and case studies.

Study screening
The studies were screened for eligibility in two stages. In 
the first stage, the titles and abstracts of the studies were 
screened to identify those that met the inclusion crite-
ria. In the second stage, the full-text articles of the stud-
ies that were identified in the first stage were screened 
to determine if they met the eligibility criteria. The ref-
erence lists of the included studies were also screened to 
identify any additional relevant studies. The search strat-
egy employed in this study was comprehensive and sys-
tematic, ensuring that all relevant literature was included. 
The identified studies were critically appraised to assess 
their quality and relevance to the research question.

Quality assessment
The overall quality of each article included in the study 
was rated using the PEDro scale. The PEDro scale is a 
validated tool for assessing the methodological quality 
of randomized controlled trials. It has 10 items, and each 
item is scored as either “yes,” “no,” or “not applicable.” The 
total score for each study ranges from 0 to 10, with higher 
scores indicating higher methodological quality.

Results
We conducted a systematic literature review to identify 
all relevant studies on the efficacy of LBPP gait training 
in neurological patients. We searched six databases: Pub-
Med, Cochrane, PEDro, Google Scholar, and reference 
lists. The initial search yielded 793 articles. We excluded 
420 articles due to duplication, leaving 373 articles. We 
screened the titles and abstracts of these articles and 
excluded 339 articles that did not meet our inclusion cri-
teria. We then assessed the full texts of the remaining 34 
articles and excluded 18 articles that did not meet our 
inclusion criteria. A total of 16 articles met our inclusion 

criteria and were included in the final analysis [8, 12, 20, 
28, 32–36, 38–44]. The results of the search and selection 
process are summarized in a PRISMA flowchart diagram 
(Fig. 2).

Lower body positive pressure treadmill gait training 
after stroke
Table  1 provides a summary of the nine studies for 
stroke patients with a PEDro rating score for RCT stud-
ies. Nine studies were identified using a LBPP treadmill 
with stroke. Five of these studies were RCTs that were 
performed on 177 stroke patients [8, 20, 33, 34, 36]. 
The methodological quality of the RCTs ranged from 
6 to 8 out of 10 on the PEDro scale, with a high quality 
(PEDro score ≥  6). The other studies were an explora-
tory study [28], a prospective cohort study [31], and two 
case studies [32, 35] performed on 20 stroke patients. All 
the included studies did not report adverse events and 
reported improvements in balance and gait following 
LBPP training.

Lower body positive pressure treadmill training 
after Parkinson’s disease
Table  2 summarizes six studies on Parkinson’s disease 
patients using a LBPP treadmill. The studies were explor-
atory and pre- and post-studies, and performed on 63 
participants. None of the studies were RCTs [38–43]. 
All the included studies did not report adverse events 
and reported improvements in balance and gait follow-
ing LBPP training, except one study [41], which did not 
report improvements in balance and gait.

Lower body positive pressure treadmill training after other 
neurological diseases
Only a pre- and post-study has investigated the effects 
of LBPP gait training on 6 MS patients (Table  3) [44]. 
In this study, LBPP increased muscle oxidative capacity 
and endurance, but did not improve walking ability. To 
the best of our knowledge, the use of LBPP treadmills for 
traumatic brain and spinal cord injuries has not yet been 
studied.

Discussion
In this review, articles on the use of a LBPP treadmill 
on neurological patients were classified into the follows 
categories:

Stroke
Stroke is a common neurological disease that can 
cause permanent disability [45]. The majority of stroke 
patients experience mobility limitations, such as dif-
ficulty walking or maintaining their balance [46]. This 
can increase the risk of falls and other accidents [47]. 
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The primary goal of rehabilitation after a stroke is to 
help the patient regain as much function as possi-
ble, including the ability to walk independently [3]. A 
growing body of research has suggested that LBPP gait 
training may be effective in helping post-stroke patients 
improve their walking speed and balance [8, 20, 31–36].

In RCT studies, LBPP treadmill gait training was 
compared to aquatic treadmill gait training, overground 
gait training, or regular treadmill gait training. These 
studies assessed the efficacy of the LBPP treadmill on 
gait parameters, walking ability and endurance, and 
quality of life. The main findings of the RCTs were that 
patients with subacute to chronic stroke tolerated LBPP 
treadmill training well, with no adverse events. Com-
bining LBPP gait training with overground gait training 
was superior to overground gait training alone on walk-
ing ability and endurance in subacute to chronic stroke 
patients [20]. Particularly, the LBPP treadmill modi-
fied the temporal gait variables and muscular activa-
tion pattern. Specifically, LBPP increased a time stance, 
cadence, and stance/swing ratio in the affected limb 
and increased the gait quality index. Moreover, LBPP 
induced muscle specific activation (antigravity mus-
cles) and gait cycle-specific compared to overground 

gait training, which improved overall muscle activation 
[20].

In subacute to chronic stroke patients, four weeks of 
LBPP gait training improved standing balance with eyes 
closed more than overground gait training. However, 
there were no differences in standing balance with eyes 
open, walking endurance, muscle activation, or walk-
ing ability between groups. According to the study, the 
average satisfaction score with the LBPP treadmill on a 
5-point scale was 4.7 ±  0.61. [33] Oh et  al. (2022) [34]. 
reported that LBPP gait training significantly improved 
gait score in the Tinetti Performance Oriented Mobil-
ity Assessment (POMA) and dynamic balance measured 
by the Timed Up and Go Test (TUG) compared to over-
ground gait training in chronic stroke patients. However, 
balance scores in POMA and the Berg Balance Scale 
(BBS), as well as gait speed measured by the 10-Meter 
Walk Test (10MWT), did not differ substantially between 
groups. On the other hand, Park et  al. (2018) [8] found 
that LBPP plus regular treadmill gait training was supe-
rior to regular treadmill gait training alone in terms of 
balance score measured by the BBS and TUG, as well 
as gait speed as measured by the 10MWT in chronic 
stroke patients after four weeks of treatment. However, 

Fig. 2 PRISMA flow chart diagram
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no significant difference was observed between the LBPP 
and the aquatic gait training.

In a similar study, LBPP gait training plus overground 
gait training  significantly improved maximal heart rate 
and walking endurance in chronic stroke patients com-
pared to aquatic and overground gait training. As a result, 
the study suggested that LBPP gait training is beneficial 
for lowering cardiovascular morbidity and mortality due 
to a reduction in ventricular repolarization heterogeneity 
[36]. After 6 weeks of gait training on the LBPP treadmill, 
chronic stroke patients improved their walking abil-
ity measured by functional ambulation category (FAC), 
comfortable gait speed measured by 10MWT, and walk-
ing endurance measured by 6MWT. However, static and 
dynamic balance, fast gait speed, and quality of life did 
not change [31].

In summary, according to the available studies, LBPP 
treadmill gait training is a safe and effective intervention 
for the rehabilitation of stroke patients. It can improve 
gait speed, balance, and walking endurance in subacute 
and chronic stroke patients. The combination of LBPP 
treadmill gait training and conventional gait training 
appears to be more effective than conventional gait train-
ing alone on gait speed, balance, and walking endur-
ance in subacute and chronic stroke patients. This is 
likely because LBPP treadmill gait training reduces the 
patient’s body weight, which makes it easier for them 
to walk. LBPP treadmill gait training also appears to 
be more effective than aquatic gait training at increas-
ing maximum heart rate and walking endurance. This is 
likely because aquatic gait training does not reduce the 
patient’s body weight as much as LBPP treadmill gait 
training. However, there is a lack of comparisons between 
the LBPP treadmill and the BWST. These findings high-
light the significance of incorporating  LBPP treadmill 
gait training into the rehabilitation protocols for subacute 
to chronic stroke patients. Larger studies with sufficient 

sample sizes are needed to better understand the poten-
tial effects of the LBPP treadmill intervention on the 
functional performance of people with stroke.

Parkinson’s disease
The pathophysiology of Parkinson’s disease may neces-
sitate the use of efficient and safe aerobic exercise. 
Aerobic exercise is a type of exercise that involves con-
tinuous rhythmic motions of the body’s major muscles 
for extended periods of time, raising the heart rate and 
calorie requirements [48]. Aerobic exercise has been 
shown to have superior effects on improving motor and 
non-motor function in Parkinson’s disease patients [49]. 
People with Parkinson’s disease are advised to only exer-
cise at submaximal work rates with extra safety due to 
their increased susceptibility to fatigue and falling [50]. 
In clinical settings, aerobic exercise therapies, especially 
walking on specialized equipment (such as a tread-
mill with a safety harness), are commonly implemented 
[51]. Recently, an alternative of the BWST treadmill has 
been utilized in Parkinson’s patients, such as the LBPP 
treadmill.

LBPP gait training resulted in a lower submaximal HR 
in Parkinson’s disease patients than land exercises [40]. 
This indicated a lower cardiovascular strain during exer-
cise, which is especially advantageous for patients with 
Parkinson’s disease [50]. Therefore, exercising on the 
LBPP may be a suitable alternative to exercising on land 
for patients with Parkinson’s disease. In a study of 19 Par-
kinson’s disease patients, the use of the LBPP was found 
to significantly improve freezing of gait, mobility, bal-
ance, and fall risk after 4 weeks of therapy. Additionally, 
both step length and gait speed have increased [42]. Fur-
thermore, eight weeks of gait training resulted in normal-
ized abnormal flexor peak muscle activation in response 
to increased body weight support during LBPP gait train-
ing [43]. This suggests that LBPP gait training may be an 

Table 3 Lower body positive pressure for gait training after multiple sclerosis patients

m men, w women, no. number, MS multiple sclerosis
* Significant improved at p < 0.05

Authors Study design Treatment Participant 
no.

MS stage Duration 
(no. × week)

Outcomes of 
interest

Results PEDro scale

Willingham 
et al. [44]

Pre- and post-
study

LBPP gait 
training

6
(3 m/3 w)

Relapsing-
remitting MS 
moderate-to-
severe

24 min (16 
sessions over 
9 week)

Muscle oxida-
tive capacity.*

Muscle endur-
ance.
Muscle 
strength (plan-
tarflexion).
Timed 25-foot 
walk test.
2-minute walk 
test.

Only muscle 
oxidation 
improved 
significantly

–
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effective way to improve muscle function in Parkinson’s 
disease patients.

Treadmill gait training with LBPP for eight weeks sig-
nificantly improved balance in the sagittal plane, such 
as when rising from a sitting to a standing position. 
However, it did not improve balance in the transver-
sal or mediolateral plane [38]. This suggests that LBPP 
gait training may be effective in improving balance in a 
specific direction, such as the sagittal plane. In another 
study, LBPP gait training was compared to  GlideTrakTM 
treadmill gait training. LBPP gait training was found to 
be more effective in improving gait speed, walking endur-
ance, lower extremity muscle strength, dynamic balance, 
self-reported pain, discomfort, tiredness, tremor, and a 
feasibility questionnaire [39]. Nevertheless, a third study 
found that LBPP treadmill exercise did not improve func-
tional assessments of balance, gait, posture, and fine 
motor skills compared to land and aquatic exercise [41]. 
Table 2 provides a summary of the six studies that have 
been conducted on LBPP treadmill exercise for patients 
with Parkinson’s disease.

In summary, unfortunately, there was not a RCT con-
ducted employing the LBPP for Parkinson’s disease. The 
absence of an RCT limits us from gaining a comprehen-
sive understanding of the possible benefits of utilizing the 
LBPP treadmill in Parkinson disease patients and leaves a 
lot of concerns unresolved.

Other neurological diseases
Only one study examined the effects of LBPP gait train-
ing on MS. The study evaluated muscle oxidative capac-
ity and muscle endurance as well as their relationship 
to walking function in moderately to severely affected 
individuals with MS (Table  3). The study found that 
LBPP increased gastrocnemius muscle oxidative capac-
ity and endurance, but did improve walking ability [44]. 
The study’s findings suggest that muscle plasticity may be 
induced in MS patients by LBPP gait training. However, 
the improvements in oxidative and endurance capac-
ity of the muscle were not sufficient to improve walking 
function. More research is needed to determine whether 
LBPP gait training can be an effective treatment for MS.

Recently, a scoping review that has been published 
discussed the use of the LBPP for the pediatric popula-
tion with specific lower limb motor function deficits [52]. 
The results of the study indicated that LBPP gait training 
may be viewed as a valuable training modality, particu-
larly for children with cerebral palsy. However, additional 
research is needed to develop an effective protocol. To 
the best of our knowledge, the traumatic brain and spi-
nal cord injuries have not been investigated in the LBPP 
treadmill yet. This gap in research is an area of significant 
concern, and understanding the effects of LBPP on these 

injuries could potentially provide new insights into their 
treatment.

Conclusions
It is imperative that rehabilitation programs for patients 
with neurological disorders include effective inter-
ventions for gait training. Rehabilitation programs for 
patients with severe neurological impairments require 
effective interventions for walking restoration. Recent 
studies indicate that the use of the LBPP in combina-
tion with traditional rehabilitation therapy has sequen-
tially beneficial effects on motor function, particularly 
in subacute to chronic stroke and Parkinson’s disease. 
Patients with stroke and Parkinson’s disease appear to 
benefit more from LBPP treadmill gait training that has a 
longer duration and is more intense. During gait training, 
the LBPP treadmill provides more partial assistance and 
encourages the patient to actively engage their muscles. 
Recently, the use of LBPP treadmill gait training has been 
increasingly adopted by health care institutions because 
of its ability to improve balance performance, promote a 
task-oriented gait, and minimize the risk of falling.

Although LBPP treadmill gait training has been found 
to be an effective treatment for neurological patients, 
many limitations have been identified. The hustle to get 
on and off the LBPP treadmill can be difficult for patients 
with severe lower extremity muscle weakness. Further-
more, patients with severe lower extremity muscle weak-
ness may have difficulty getting on and off the treadmill, 
and those with severe gait limitations may not be able to 
use it due to the bag barrier hindering the therapist’s abil-
ity to facilitate gait. Moreover, some patients may experi-
ence discomfort from putting on the required shorts and 
feel bladder fullness or urgency when unweighted to 50% 
of their body weight [39].

LBPP gait training has potential applications for 
enhancing the gait of patients with neurological disor-
ders. However, there is currently no research directly 
compares different types of body weight-supported 
devices. In addition, there are insufficient data on the 
optimal LBPP protocol. Therefore, larger, well-controlled 
studies are needed to determine the optimal timing and 
protocol design for maximum efficacy and long-term 
outcomes of using the LBPP treadmill in neurological 
patients.
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