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Abstract

The AlterG® Anti-Gravity Treadmill™ uses air pressure to provide partial Body Weight Support 

(BWS), lowering impact forces and metabolic demand of walking and running. Users wear 

specialized shorts that zip onto a bag supported by a metal bar frame covering the treadmill. 

The frame is placed at hip height in positions numbered 1–9, adjusted up or down based on 

preference. Machine accuracy in providing body weight support is important to achieve desired 

training effects, but it is unknown whether frame placement impacts accuracy. Twenty participants 

(10 males/females) were weighed in 10% increments from 0% to 60% BWS with the frame at hip 

height (iliac crest), the ‘neutral’ position, and re-weighed with the frame placed up to 3 numbers 

above or below hip height. While the machine displayed the same proportion BWS, placing the 

frame higher than the neutral position resulted in significantly more support, whereas placing 

the frame lower led to less support. At 10% BWS, placing the frame 3 positions higher resulted 

in 3% more support compared to the neutral position (13.1% BWS, p<.001), and 3 positions 

lower in 4.7% less support (5.3% BWS, p<.001). Deviances were greater with more BWS. At 

60% BWS, 3 positions higher than neutral resulted in 71.2% BWS (11.2% more than expected, 

p<.001), and 3 below 48.1% BWS (12.9% below expected, p<.001), total 24.1% difference. These 

findings suggest that the position of the support frame significantly impacts the AlterG® accuracy 

in providing body weight support, with placement higher than hip height resulting in more support 

than displayed by the machine, and lower placement resulting in less support.
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INTRODUCTION

The AlterG® Anti-Gravity Treadmill™ is a device that uses air pressure to allow people 

to walk or run with partially supported body weight (1). Users wear specialized shorts that 

zip onto a bag, which is in turn supported by a metal frame bar that covers the treadmill. 
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This setup creates a sealed positive pressure environment (Figure 1). Running or walking 

on the treadmill with partially supported body weight has been found to reduce the impact 

forces and metabolic demand of running or walking (3,4,7,8,10,15) The machine has been 

used in a range of performance and rehabilitation settings and included world-class distance 

runners (2), people recovering from Achilles tendon surgery (16), pelvic stress fracture (17) 

and people with neurological conditions such as cerebral palsy (11).

The accuracy of the machine in providing body weight support is important to achieve the 

desired training effects and to implement systematic rehabilitation protocols. Prior research 

(13) has shown that the machine is highly accurate between 10% to 40% Body Weight 

Support (BWS). However, what this study did not assess was whether the placement of the 

metal bar frame support structure impacted the accuracy of the AlterG® in providing BWS. 

The frame bar is recommended to be placed at the iliac crest and locked into a position 

numbered 1 through 9, which can be adjusted up or down based on preference, as specified 

in the operations manual: “Set the support frame at a height that places the zipper at your 
iliac crest…This is a starting point. For additional trunk support the frame can be set higher. 
For more freedom, the frame may be set lower. With use, you will discover the best height 
for you. (AlterG® operations manual, p.13)”

However, it is not mentioned whether moving the frame impacts the actual body weight 

support provided by the machine, and no published studies have tested whether this is the 

case. Therefore, this technical study aimed to assess whether the placement of the bar frame 

height impacted the accuracy of unloading. Since the operations manual suggested the frame 

can be moved up for additional trunk support, we hypothesized that moving the bar up 

would lead to more support compared to the neutral setting (hip height), possibly be due to 

a higher air volume when the frame is moved up (all else being equal). We hypothesized the 

opposite would be true if the frame bar was moved down.

METHODS

Experimental Approach to the problem

To test whether the frame height impacted the AlterG® accuracy, we weighed every 

participant on the machine with the bar frame in the recommended position with the zipper 

just below the iliac crest (‘neutral’). This weight was then compared to measurements with 

the bar frame placed up to 3 positions and below the neutral position. Participants were 

weighed in 10% increments between 40% of their original body weight and 100% body 

weight as displayed by the machine.

Subjects

All study procedures were approved by the Institutional Review Board (protocol #929347) 

and all participants signed an institutionally approved informed consent form prior to the 

study outlining the study risks and benefits. Participants were recruited through word of 

mouth from the University population. A total of 20 healthy adults were recruited, 10 males 

and 10 females.
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Procedures

After being provided with written and verbal informed consent, anthropometric 

measurements (height, weight, hip height and waist circumference) were measured and 

recorded. Hip height was measured barefoot from the ground to the top of the anterior 

superior iliac spine. Waist circumference was measured with a tape measure below the rib 

cage and above the pelvis at the umbilicus. Height and weight were measured and recorded 

before the participant entered the AlterG®, Model P200 (AlterG® Inc., Fremont, CA). All 

participants were measured twice, with the average taken as the final value.

After completion of anthropometric measurements, subjects entered the AlterG®, calibrated 

their weight and had their standing body weight measured with a Tanita BF679 portable 

scale, which we compared and found to be within 0.1kg (99.8%−99.9% agreement) of a 

professional grade Tanita WB Medical Scale. Participants were weighed at 0% BWS, 10%, 

20%, 30%, 40%, 50%, 60% BWS (as indicated by the AlterG®). At each level of BWS, 

participants were weighed with the frame bar in 7 different positions: first with the frame bar 

set according to the directions in the user manual (with the zipper just below the iliac crest 

while standing on the scale), called the ‘neutral’ position. Then, they were weighed with 

the frame 1,2 and 3 positions above and below the recommended (neutral) setting, all while 

standing on the scale. Thus, participants were weighed at 7 different BWS increments (0% 

through 60% BWS) and at 7 settings (neutral and 1,2,3 above/below), or 49 unique settings. 

At each setting, participants were measured twice to avoid errors and the value averaged.

Data were collected in a single measurement time, taking approximately 45 minutes per 

individual. Data were manually recorded on a data collection sheet and entered into a 

spreadsheet. This spreadsheet data were then imported to SPSS version 24.0 (SPSS Inc, 

Chicago, IL) for analyses.

Statistical Power

Assessing statistical power was challenging due to the relative lack of research guiding our 

estimated effect size. A medium effect size was used in part based on one relevant article 

(9), which documented a wide range in magnitude of effects, but medium size effects of 

2–7% deviation from expected at the lower end of unloading. For a medium effect size, a 

power analysis using GPower version 3.1.9.2 for repeated measures’ ANOVA within factors 

effect, one group, 49 total measures and an average correlation of 0.8 between measures 

showed an N=16 to result in estimated power over 0.80. After 20 participants were recruited, 

further recruitment was stopped as only very small changes (less than 0.25%) were observed 

in our primary outcomes with the addition of each new participant.

Statistical Analyses

Participant demographic and anthropometric characteristics were summarized using 

frequency distributions and descriptive statistics. To test whether the frame bar height 

impacted extent of unloading, repeated measures Analyses of Variance were used. The 

neutral position was used as Time 1 (the reference), with the higher or lower frame height 

positions as the comparisons. First, overall effects were tested. Second, one ANOVA was 

conducted for each of the proportions BWS support (seven total, 0% support through 
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60% support in 10% increments). Pairwise comparisons were used to test for significant 

differences between each setting and the neutral setting. A Bonferroni confidence interval 

adjustment was used to correct for multiple comparisons. All analyses were conducted using 

SPSS 24.0 (SPSS Inc, Chicago, IL).

RESULTS

Participant characteristics

Participant characteristics are summarized in Table 1. Participants were on average 27.45 

±6.76 years old, average height (175.10± 10.33 centimeters tall). Participants Body Mass 

Index (BMI) was in the healthy range with 22.27 ±2.52 kg/m2 and none of the participants 

were obese (BMI ≥ 30kg/m2). Average waist circumference also indicated that participants 

were not obese, with an average of 86.76 ±8.90cm.

Accuracy of Body Weight Support

First, the accuracy of the AlterG® treadmill in providing BWS was assessed in the 

recommended ‘neutral’ setting of the frame bar height, comparing observed to expected 

proportion body weight support. In the ‘neutral’ setting (at hip height), the AlterG® was the 

most accurate between 10% and 40% BWS (90% and 60% of full body weight), with less 

than 1% deviation from the expected proportion support. At the lower end of the scale, the 

deviation was larger, although practically modest (3.5% less support than expected at 40% 

BWS). At 0% BWS, the machine still provided approximately 6% support. These findings 

closely mirrored findings from prior research (9).

The most accurate setting for each respective BWS (the closest to the expected BWS) was 

aligned with these findings. At 0% BWS, the most accurate setting was actually the lowest 

setting (3 slots below), whereas from 10% BWS to 40% BWS, the neutral setting was the 

most accurate. For 50% and 60% BWS, the setting 1 above the neutral setting was the most 

accurate.

Next, we assessed our primary study question by first testing for a main effect for frame 

height using a repeated measures’ ANOVA with level of support and frame height. There 

was a significant main effect for frame height (F(df=6)=166.04, p<.001), indicating that 

there were overall differences in BWS for frame position (neutral and 1,2,3 above/below). 

There was also a significant interaction, indicating the effect of bar height was different 

across levels of support (F(df=36)=83.83, p<.001).

Next, we compared the amount of deviation caused by moving the bar up or down 3 slots 

from the neutral setting. The proportion of deviation from the expected BWS is shown in 

Table 3. At each level, moving the bar from the neutral setting had a substantial impact 

on the accuracy of unloading. At 10% BWS, the lowest setting (3 below neutral) resulted 

in only 5% BWS, and the highest setting (3 above neutral) resulted in 13% support, a 

difference of 8%. This difference became larger with more BWS. At 60% BWS, the lowest 

setting (3 below neutral) provided only 43.43% support, and the highest (3 above neutral) 

67.49%, a difference of 24% in BWS.
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Using repeated measures’ ANOVA with Bonferroni adjustment, we tested whether each 

setting was significantly different from the neutral setting. Almost all settings were 

significantly different from the neutral setting, with the exception of 0% and 10% BWS 

at 1 setting below and above. Linear trends (p<.001) were observed for each proportion 

BWS. These findings are graphically summarized in Figure 1.

DISCUSSION

This study aimed to test the impact of the height of the AlterG® treadmill metal bar frame 

support structure on the accuracy of the body weight support provided by the machine. 

The owners’ manual indicates the bar should be placed at hip height, but can be moved 

up or down through the 9 spaces (‘slots’) depending on user preference for greater trunk 

support or more freedom of movement. However, we found that moving the bar from the 

neutral setting (at hip height) impacts the actual proportion of support provided by the 

AlterG® treadmill, despite showing the same proportion of unloading on the machines’ 

display. We found that mostly, placing the bar at hip height was indeed the most accurate 

setting, with the greatest accuracy between 10% BWS and 40% BWS and overall accuracy 

consistent with prior research (13). Moving the bar up resulted in significantly more body 

weight support, and moving the bar down reduced the support. These findings were largely 

consistent with our a priori hypotheses, which stated that when the bar is moved up, the 

BWS would be higher (or lower when moved down), all other factors being constant.

Effects were found to be greater at the higher proportions of support. For example, when 

running with at least 30% BWS, moving the bar just 1 slot up or down from neutral 

impacted the amount of BWS by between 4 and 8%, with somewhat stronger effects 

for moving the bar down. This may be particularly important when for people who use 

the AlterG® for initial weight-bearing after serious injury, people who may be in early 

rehabilitation stages, or people with conditions that require substantial BWS (>30% BWS). 

Several clinical case studies and clinical protocols show rehabilitation starting with at least 

50% BWS is common. For example, case studies documented aggressive return following 

lumbar disk herniation starting at 50% and progressing to 15% BWS in 23 days (11), 

progression from 50% BWS to 5% BWS for a runner with pelvic stress fracture in 5 weeks 

(15) and progression from 70% to 20% BWS in 7 weeks following knee osteochondral 

repair (5). Similarly, clinical protocols published by AlterG® suggest rehabilitation from 

fibular stress fracture from 45% to 15% BWS in 6 weeks (6) and following Achilles tendon 

repair from 70% to 10% BWS in 7 weeks starting 9 weeks post- surgery (9).

As can be seen, these protocols typically start at around 50% BWS, and progress 

systematically between 5% and 10% per week. This would suggest that the 4 to 8% 

deviation documented by moving the frame bar by only 1 slot could be meaningful, with 

larger effects if the frame height is moved by more than 1 slot. In addition, research has 

documented that with more than 30% BWS, changes in running mechanics are observed (8). 

In other words: deviation from what the machine displays due to the bar height could also 

impact running mechanics.
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Further, the AlterG® has been used for some of the most common running injuries and 

can be used for a wide range of conditions, suggesting this information may be relevant for 

a wide range of practitioners and users. For example, a systematic review found that the 

most common running injury was medial tibial stress syndrome with an incidence ranging 

from 13.6% to 20.0% (12). If a runner with medial tibial stress syndrome started low-speed 

running on the AlterG® with half their body weight supported (50% BWS), and preferred to 

have more freedom of movement and lowered the bar several slots, this could have actually 

resulted in them running with close to 35% BWS. This difference could result in greater 

impact forces than intended. The reverse could occur and lead to undertraining.

This study had several limitations. First, it was challenging to conduct a power analysis 

due to limited effect size estimates in the literature. Second, we used a specific AlterG® 

model, the P200 performance model. Although it would be assumed that the system of 

unloading is similar in all models, this will have to be tested. Further, we only tested the 

range from 0% BWS through 60% BWS, as these were the most commonly used settings 

for athletic and rehabilitation purposes. However, the higher-pressure settings (the machine 

can provide as much as 80% BWS) were not included. In addition, the top of participants’ 

iliac crest while standing on the scale was used to estimate the initial frame bar placement 

(neutral). Although participants stood on the scale for every measurement, the impact of 

the height of the scale itself deserves further study. Also, while the patterns of deviance 

found in this study were consistent, we have not tested the impact on frame height on 

metabolic demand or impact forces. Also, our population included healthy weight adults 

with non-obese waist circumference. Finally, while we have proposed a working hypothesis 

to explain these effects, we did not conduct further tests to gain insight into the likelihood of 

specific mechanism behind the observed deviance.

PRACTICAL APPLICATION

Users, coaches, physical therapists, athletic trainers and others who instruct people on the 

AlterG® need to know that moving the AlterG® frame height frame impacts the extent 

of unloading provided by the machine. The machine will show the same proportion of 

unloading, but if the user adjusts the frame upwards, they are now walking or running 

with greater support. If the user lowers the frame, they are now walking or running with 

less support. Placing the frame bar at hip height is generally the most accurate setting, 

particularly at 10% through 40% support. The more the frame bar is moved from the 

recommended hip height, the greater the deviation in support provided.

The effects are largest with more body weight support, and thus particularly meaningful for 

people walking or running with a lot of BWS, such as people who are in the initial stages 

of recovery. For example, if a therapist wants a user who is recovering from a fracture to 

walk with a high proportion BWS (for example, with 60% BWS or at 40% of their full 

body weight), and lowers the frame bar 3 positions for additional freedom of movement, 

they are actually decreasing the BWS by up to 13%. These findings demonstrate that moving 

the frame bar may lead to more impact than intended, or less impact resulting in a lighter 

workload than intended, and should be taken into account when using the machine.
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Figure 1: 
The AlterG® P200 treadmill (www.AlterG®.com)
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Figure 2: 
Study flowchart
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Figure 3: 
Proportion difference in Body Weight Support from neutral setting by frame height
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Table 1:

Participant demographic and anthropometric characteristics.

Variable Average value (Standard Deviation)

% Male 50%

Age (years) 27.45 (6.76)

Weight (kg) 68.13 (8.28)

Height (cm) 175.10 (10.33)

Body Mass Index 22.27 (2.52)

Waist circumference (cm) 86.76 (8.90)

Hip Height (cm) 89.94 (5.81)
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