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INTRODUCTION 

As an alternative to e.g. harness systems antigravity 

treadmills (Figure 1) have been designed with the objective 

of unloading joint, ligaments and tendons during walking 

and running [1,2]. By an increased pressure in an air tight 

chamber surrounding the lower body the treadmill can apply 

a upward lifting force thereby reducing the weight of the 

user. The purpose of the present study was to investigate 1) 

if VO2max is achievable during running with reduced body 

weight, 2) how the vertical reaction force changes during 

high speed running when the body weight is reduced and 3) 

how the respiratory responses are affected by running with 

reduced body weight. 

 

METHODS 

Twelve well trained runners (mean ± SD age 27.8 ± 3.3 

years, height 1.82 ± 0.05 m, body mass 72.8 ± 6.8 kg) with a 

training background of 10.9 ± 7.4 years of organised training 

and competitions participated in the study which included 

three days of experimental testing. The participants gave 

their informed written consent to the conditions of the study. 

On day 1 and 2 the participants completed a VO2max test on 

a regular treadmill (Treadmill Opima 807) and the G-trainer 

(Alter-G Anti-Gravity Treadmill) with an inclination 

protocol at 100 % body weight (BW). On day 3 submaximal 

steady state running trials at 10, 14 and 18 km/h and high 

speed running at 20 and 22 km/h with 100, 75, 50 and 25 % 

body weight were completed.  

 

 
Figure 1: The antigravity treadmill. 

 

VO2max, maximal heart rate, ventilation, breathing rate, end 

respiratory exchange ratio (Oxycon Pro, Jaeger), end blood 

lactate concentration (Lactate SCOUT, EKF Diagnostic), 

end rate of perceived exertion (Borg scale) and time to 

exhaustion were measured during the VO2max tests. During 

the submaximal steady state running vertical ground reaction 

force was measured by the in build force plate at all running 

speeds and mean vertical ground reaction force, contact time, 

flight time, time for leg repositioning, step frequency and 

step length were calculated. Furthermore, VO2, heart rate, 

ventilation and breathing frequency were measured. 

The measured parameters during the VO2max tests were 

compared using a student’s t-test. Parameters measured at 

the steady state and high speed trials were compared using a 

General Linear Model ANOVA for repeated measures 

design and in case of significance a Tukey’s post hoc test 

was applied to locate the difference. Level of significance 

was set to p < 0.05. The association between mean vertical 

ground reaction force and VO2 during the submaximal trials 

was evaluated using the Pearson correlation coefficient.  

 

RESULTS AND DISCUSSION 

No difference was seen between the two treadmills in 

relation to VO2max, maximal heart rate, ventilation, 

breathing rate, end respiratory exchange ratio and end blood 

lactate concentration, however a 34.5 % longer time to 

exhaustion was seen on the G-trainer (Table 1). This strongly 

indicates a performance enhancing support force from the 

structure of the G-trainer, which improves the running 

economy and thereby running performance.   

The oxygen uptake, heart rate, ventilation and mean vertical 

ground reaction force decreased with body weight reduction 

and increased with running speed as found in other studies 

[3,4]. The vertical supporting force will decrease the 

working demand on muscles responsible for both vertical 

support and horizontal propulsion [1].  

A decreasing slope of the regression line of the VO2 and 

vertical ground reaction force relationship with increasing 

running speed was found (Figure 2). This indicates that a 

given ground reaction force can be maintained with the 

“benefit” of a higher VO2, when an increase in speed is 

combined with a reduction in body weight. 

Running with reduced body weight resulted in a decreased 

step frequency (step length increased); however this effect 

decreased at higher speeds that resembled in a more normal 

running pattern. Furthermore a decreasing contact time and 

increased flight time and time for leg reposition was found, 

which could lower the working demand on hip flexion 

muscles.   
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Figure 2:  Oxygen uptake in relation to mean vGRF for each 

of the twelve participants. The equations of the regression 

lines were at 10 km/h: y = 0.5978x - 231.69, 14 km/h: y = 

0.4755x - 125.18 and 18 km/h: y = 0.4167x - 178.29. 

 

The breathing frequency remained constant with decreasing 

body weight despite a lowered demand for ventilation. This 

may be explained by a restricted tidal volume at low body 

weights caused by the increased pressure applied to the 

abdominal wall by the G-trainer’s inflated tights. Thus 

constant breathing frequency seems to be a compensatory 

mechanism.  

 

 

CONCLUSIONS 

VO2max could be achieved on the G-trainer treadmill during 

100 % body weight with an incline protocol however the 

running performance was significantly improved compared 

to a regular treadmill. When body weight was reduced above 

a certain degree the ability to reach near maximal levels of 

oxygen uptake at level running may be limited due to the 

decreased need for vertical support. This may be 

compensated for by inclined running.  

  

In general the results of the present study suggest that the G-

trainer is a relevant tool for low joint load training with 

aerobic stimuli for athletes or patients.  
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Table 1: Measured parameters during VO2max tests on regular and G-trainer treadmill. *) G-trainer different from regular 

treadmill (P < 0.05). 

 G-trainer Regular 

Normalized maximal oxygen uptake (ml/kg/min) 69.6 ± 5.7 70.8 ± 7.0 

Maximal oxygen uptake (l/min) 5.04 ± 0.42 5.13 ± 0.46 

Maximal heart rate (beats/min) 183 ± 8.5 182 ± 7.8 

End respiratory exchange ratio 1.03 ± 0.06 1.08 ± 0.03 

Maximal ventilation (l/min) 171.7 ± 10.9 177.8 ± 15.8 

Maximal breathing rate (min
-1

) 64.3 ± 6.4  64.2 ± 6.4 

End blood lactate concentration (mmol/l) 10.45 ± 2.94 10.42 ± 3.11 

Time to exhaustion (sec) 642 ± 211 * 477 ± 67 

End rate of perceived exertion 18.9 ± 0.7 18.8 ± 0.9 
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