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Abstract: Lower body positive pressure treadmills (LBPPTs) as a strategy to reduce musculoskeletal
load are becoming more common as part of sports conditioning, although the requisite physiological
parameters are unclear. To elucidate their role, ten well-trained runners (30.2 £ 3.4 years; VOypax:
60.3 + 4.2 mL kg*1 min~!) ran at 70% of their individual velocity at VOomax (VVOomax) On a
LBPPT at 80% body weight support (80% BWse) and 90% body weight support (90% BWsg,t), at 0%,
2% and 7% incline. Oxygen consumption (VO;), heart rate (HR) and blood lactate accumulation
(LA) were monitored. It was found that an increase in incline led to increased VO, values of
6.8 + 0.8 mL kg~ min~! (0% vs. 7%, p < 0.001) and 5.4 & 0.8 mL kg ! min~! (2% vs. 7%, p < 0.001).
Between 80% BWge; and 90% BWsg,;, there were VO, differences of 3.3 + 0.2 mL kg*1 min~!
(p <0.001). HR increased with incline by 12 + 2 bpm (0% vs. 7%, p < 0.05) and 10 & 2 bpm (2%
vs. 7%, p < 0.05). From 80% BWgg; to 90% BWosget, HR increases of 6 £ 1 bpm (p < 0.001) were
observed. Additionally, LA values showed differences of 0.10 4 0.02 mmol 1~! between 80% BWse;
and 90% BWog,t. Those results suggest that on a LBPPT, a 2% incline (at 70% vVOspay) is not yet
sufficient to produce significant physiological changes in VO,, HR and LA—as opposed to running
on conventional treadmills, where significant changes are measured. However, a 7% incline increases
VO, and HR significantly. Bringing together physiological and biomechanical factors from previous
studies into this practical context, it appears that a 7% incline (at 80% BWg,) may be used to keep
VO, and HR load unchanged as compared to unsupported running, while biomechanical stress is
substantially reduced.

Keywords: AlterG; anti-gravity treadmill; body weight support; graded running

1. Introduction

To improve physical performance and to avoid overuse injuries, elite runners are
increasingly using alternative training tools such as the lower body positive pressure tread-
mill (LBPPT), an anti-gravity treadmill with an enclosed, air-filled chamber that generates
positive pressure around the lower body [1]. Currently, it is known that running at the
same velocity on LBPPT with partial body weight support is accompanied by a decrease in
oxygen consumption (VO;) [1-8], heart rate (HR) [1,4,5,8] and blood lactate accumulation
(LA) [2]—as compared to running under unsupported conditions. Furthermore, VO;pax
and HRmax seem to be unaffected by LBPPTs [3,9].

The first systematic review on this topic was given by Farina et al., 2017 [4]. The
authors concluded that running on LBPPTs is effective in reducing impacts (i.e., peak
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ground reaction forces). To still achieve the desired physiological stimuli (similar to those
of an unsupported treadmill), faster running velocities and/or inclines need to be applied.
Faster running velocities on the LBPPT are associated with an increase in physiological
demand [1-3]. In turn, however, the increased velocity leads to higher ground reaction
forces and loading rates [3,10-13]. Accordingly, velocity increases should be applied with
caution. On the other hand, the factor incline could be suitable for increasing physiological
demand while keeping biomechanical loads low. Recently, Farina et al. pointed out that
there is a research gap on inclined running on a LBPPT, which “should be explored” [4]
(p- 272). Especially because uphill running is an important training tool for middle and
long distance runners [14].

Therefore, the purpose of the present study was to investigate the effects of LBPPT
uphill running on VO,, HR and LA. Specifically, the aim was to determine the influence of
three different inclines (0%, 2% and 7%) and of two different body weight support settings
(80% BWset and 90% BWos,t) on the important physiological training parameters VOp, HR
and LA [15-17]. In accordance with previous findings on conventional treadmills (CON)
and LBPPT, respectively, it was hypothesized, that (1) an increase in incline leads to higher
VO,, HR and LA values, and (2) increasing body weight support is associated with a
decrease in VO,, HR and LA.

2. Materials and Methods
2.1. Subjects

Ten well-trained runners (30.2 £ 3.4 years; VOmax = 60.4 = 4.2 mL kg_1 min~?,
Table 1) took part in the study. The participants were asked to avoid high-intensity and
high-volume training sessions 48 h prior to the test and were informed in detail about
the study design. Furthermore, the study was approved by the Ethics Committee of the
Humboldt University Berlin and is in accordance with the Declaration of Helsinki. All
participants provided written consent to participate in the study.

Table 1. General characteristics of participants included in the study. VO,: oxygen consumption; HR:

heart rate.
Measure Male (n = 10) (min—-max)

Age (years) 30.2 £ 3.4 (25.7-37.1)
Body mass (kg) 73.1 £ 6.1 (63.7-82.2)

Body height (cm) 178 4+ 6 (166-185)
VOpmax (ML min~! kg=1) 60.4 & 4.2 (54.9-68.4)
VVOpmax (km h™1) 18.0 & 1.6 (16.0-20.0)

HRpax (beats min—1) 193 + 8 (184-209)

2.2. Protocol and Test Design

The participants completed four testing days in two weeks, at the same time of the
day (£30 min), with the same individual running shoes to avoid any footwear-related
effects [18,19] and with a break between the tests of at least 48 h. The first day, the partici-
pants performed an incremental test on a regular treadmill h/p/cosmos saturn® 250,/100
(100% BWoset; h/p/cosmos sports and medical GmbH, Nufidorf-Traunstein, Germany) to
determine VOp,x and velocity at VOomax (VVOomax)- The initial running speed was set
to 8 km h™! and was increased by 2 km h™! after each completed stage until volitional
exhaustion. Stage duration was 3 min; between the stages there was a rest of 30 s. The
second, third and fourth day, the participants started with a standardized warm-up of
10 min at 50% vVOpmax. Subsequently, they ran a 6-min submaximal trial (twice 3 min,
with a break of 30 s in between) at 70% vVOpmax on the LBPPT AlterG® Anti-Gravity
Treadmill® Pro 200 Plus (AlterG®, Fremont, CA, USA). Body weight was set to 80% BWget
and 90% BWge, while incline was altered between 0%, 2% and 7%, in randomized order,
resulting in 6 trials of 6 min for each subject. Before each testing day, body weight and
height were measured (Seca Vogel and Halke Hamburg 910, seca GmbH and Co. KG,
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Hamburg, Germany). Oxygen consumption was recorded using a stationary system with
breath-by-breath analysis (Quark CPET, COSMED, Pavona di Albano, Italy). HR data were
acquired using the HRM Run™ system (Garmin Ltd., Canton Schaffhausen, Switzerland).
Before each trial, between the stages and directly after exhaustion of the VOpy,« test, a
sample of 20 uL of arterialized capillary blood was taken from the earlobe, solubilized
in a 1000 pL hemolysate solution and analysed using the SUPER GL ambulance system
(Dr. Miiller Gerdtebau GmbH, Freital, Germany). Between the stages and after each test,
rating of perceived exertion (RPE) was routinely analysed on the basis of the Borg RPE
Scale (6-20) [20].

2.3. Data Analysis

VO, data processing was completed via the software OMNIA 1.6 (COSMED, Pavona
di Albano, Italy). According to current research, VOypax Was determined as the highest
value averaged over 30 s [21]. As suggested, by Billat and Koralsztein [22], vVOppyax was
defined as the lowest running velocity maintained for at least one minute that elicited
VOomax. If a participant reached VOymax but did not maintain one minute of running, the
velocity of the previous stage was used as vVOspax, as introduced by Kuipers et al. [23].
If, in turn, the running velocity was maintained for at least one minute (i.e., one third
of stage duration), vVOymax Was considered to be the running velocity of the previous
stage plus one third of the increase between the two stages. Analogously, in case of two
minutes maintained (i.e., two thirds of stage duration), vVOynax Was approximated by
be the running velocity of the previous stage plus two thirds of the increase between the
two stages. Any other acquired submaximal VO, and HR data were averaged over 30 s,
including the last 30-s-value of each stage for statistical analysis [21].

2.4. Statistics

To detect an effect of incline and BWge; on VO,, HR and LA data, two-way repeated
measures analysis of variance (ANOVA) with Bonferroni posthoc tests were performed.
To check sphericity, Mauchly’s test was applied. If the assumption of sphericity was
violated, the Greenhouse-Geisser correction was used. Data were processed with IBM SPSS
Statistics 23 (IBM, Armonk, NY, USA) and Microsoft Excel 2016 (Microsoft Corporation,
Redmond, WA, USA). Results are presented as mean =+ standard deviation. Standard level
of significance was set to p = 0.05, effect sizes were evaluated on the basis of eta squared
(17%). In addition, 95% confidence intervals (CI) were calculated.

3. Results
3.1. Oxygen Consumption (VO;)

The effect of incline and BWget on VOj is presented in Figure 1. Incline showed a sig-
nificant main effect (p < 0.001, 72 = 0.881), as did BWst (p < 0.001, % = 0.954). A significant
interaction effect between incline and BWs,; was not found (p = 0.429, 7% = 0.076).

Post hoc comparisons revealed a significant mean difference of 6.8 + 0.8 mL kg~!
min~! between 0% incline and 7% incline (p < 0.001, CI: 4.3-9.3), and of 5.4 + 0.8 mL kg !
min~! between 2% and 7% incline (p < 0.001, CI: 3.2-7.6), respectively. No significant
difference was observed for 0% vs. 2% incline (p = 0.117). Furthermore, between 80% BWge
and 90% BWs,, VO, differed by 3.3 + 0.2 mL kg~! min~! (p < 0.001, CI: 2.7-3.8).
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Figure 1. Oxygen consumption VO, in terms of 0% (green), 2% (yellow) and 7% (red) incline and
compared for running on 80% BWget and 90% BWgt.

3.2. Heart Rate (HR)

The effect of incline and BWg,t on HR is presented in Figure 2. A significant main
effect was revealed for both incline (p < 0.001, % = 0.657) and BWsg¢; (p < 0.001, % = 0.876).
Furthermore, a significant interaction effect between incline and BWsg.t was not found
(p = 0.766, % = 0.029).
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Figure 2. Heart rate HR in terms of 0% (green), 2% (yellow) and 7% (red) incline and compared for
running on 80% BWge and 90% BWge.

Post hoc comparisons showed a significant mean difference of 12 & 2 bpm between 0%
and 7% incline (p < 0.05, CI: 6-19), and of 10 & 2 bpm between 2% and 7% incline (p < 0.05,
CI: 3-16), respectively. No significant difference was found for 0% vs. 2% incline (p = 0.793).
Additionally, post hoc comparisons for 80% BWget vs. 90% BWg,: showed mean differences
of 6 = 1 bpm (p < 0.001, CI: 4-8).

3.3. Blood Lactate Concentration (LA)

Figure 3 depicts the effect of incline and BWg on LA. Significant main effects could
be observed for incline (p < 0.05, 7% = 0.397) and BWs,; (p < 0.001, % = 0.783). A significant
interaction effect between incline and BWse; was not found (p = 0.069, % = 0.257). Despite
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the clear main effect, the post hoc comparisons showed no difference between 0% and 2%
incline (p = 1.000), 0% incline and 7% incline (p = 0.086) nor between 2% and 7% incline
(p = 0.067). However, post hoc comparisons for 80% BWge; vs. 90% BWge; showed mean
differences of 0.10 + 0.02 mmol L~! (p < 0.001, CI: 0.06-0.15).
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Figure 3. Blood lactate concentration LA in terms of 0% (green), 2% (yellow) and 7% (red) incline
and compared for running on 80% BWget and 90% BWget.

4. Discussion

The present study is, to the best of our knowledge, the first to examine how uphill
running on a LBPPT effects VO,, HR and LA. Confirming our initial hypothesis, it could
be observed that an increase in incline on LBPPT generally leads to higher VO, and HR.
However, no significant difference could be determined for LA. Furthermore, it was found
that an increase in body weight support (from 90% BWget to 80% BWsge) results in a
decrease in VO,, HR and LA. Neither for VO,, HR nor for LA interaction effects between
incline and BWg; were found.

A detailed analysis of the collected data suggests that for uphill running, a certain
amount of incline is necessary to induce physiological changes. This is shown by the fact
that between 0% vs. 2% incline a significant difference in VO,, HR and LA could not be
observed. However, we noticed VO, changes for 0% vs. 7% incline (~+20%) and for 2% vs.
7% incline (~=+15%), respectively. Changes in HR amounted to ~+9% (0% vs. 7% incline)
and ~+7% (2% vs. 7% incline). Regarding LA values, however, despite a significant main
effect, no significant pointwise results could be obtained for the post hoc comparisons.
Probably, this is due to a type I error [24], so that we rely on the results of the post hoc test
at this point [24] and omit further interpretation. As for body weight support, there was a
VOs-increase for 90% BWge; vs. 80% BWsg,t, which corresponds to relative reductions of
9-10%. The HR-values showed a relative increase of 4-5%. For LA, there was a significant
difference of 0.10 + 0.02 mmol L~!.This corresponds to relative increase of ~9%.

Due to the fact that no further data regarding the effect of uphill running on LBPPTs
are available, a comparison with corresponding results is currently not feasible. To circum-
vent this dilemma, existing data on conventional treadmills (CON) may be taken as sole
reference at this point: Padulo et al. [25] showed a VO,-decrease of 10.2 mL kg’l min~!
for 0% vs. 7% incline and 4.8 mL kg_1 min~! for 2% vs. 7% incline, which represents
a relative increase of 18.7% and 8.0%, respectively. The data of the present study are in
accordance with those results, although absolute increases turn out to be slightly different
(6.8 + 0.8 mL kgf1 min~! for 0% vs. 7% incline and 5.4 + 0.8 mL kg’1 min~! for 2% vs.
7% incline) while percentage increases are slightly higher (~20% and ~15%). Considering
the appreciably higher VOopax (76.3 + 2.6 mL kg ~! min~!) of the participants taking part
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in the study of Padulo et al. [25], it may be hypothesized that subjects’ performance level
may have had an influence on those results.

Participants of the present study and those of Padulo et al. ran at 70% vVOpmax,
corresponding to mean velocities of 12.6 km h™! in the present study and 15.0 km h~!
in the study of Padulo et al. [25]. Biomechanical factors such as ground contact time and
stride rate as well as pattern of muscle innervation may have influenced physiological
reactions [4]. Even though changes in VO, associated with incline are similar, there is
a substantial difference: while on LBPPTs we observed no change between 0% and 2%
incline, Padulo et al. found a significant increase of 5.4 mL kg’1 min~! (+9.9%) [25]. Thus,
it appears that on the used LBPPT at 70% vVOsmax, a 2% incline does not yet suffice to
induce significant physiological changes in VO,, as opposed to running on a CON, where
significant changes are present [25]. With the data at hand, it remains unclear whether
this “non-adaptation” on the LBPPT for 2% incline observed at the common low-intensity
training stimulus of 70% vVOs;max [16] will also persist at other training intensities, e.g.,
during a high-intensity training (>88% VOxmax) [16]. This question should be clarified in
future research.

Furthermore, HR data from the present study are in accordance with the results of
Padulo et al., reporting an increase from 148 £ 12 bpm to 155 + 12 bpm and 170 & 12 bpm
at 0%, 2% and 7% incline, respectively [25]. We observed HR values of 139 & 6 bpm (0%
incline), 142 £ 5 bpm (2% incline) and 152 & 4 bpm (7% incline). This indicates that the
increases are higher on a CON that on a LBPPT: the relative increments were about 15%
(0% to 7% incline) and 10% (2% to 7% incline), respectively. Slightly lower increases could
be observed at LBPPT with ~29% (0% to 7% incline) and ~7% (2% to 7% incline). In analogy
to VO, changes, no differences could be observed for 0% vs. 2% incline on the LBPPT,
while on the CON there was an increase of ~5% [25].

Concerning the LA values, distinct differences between LBPPT and CON were ob-
served. On the LBPPT we could not detect any differences in LA with regard to the inclines.
In comparison, for CON values ranging from 2.5 4= 0.9 mmol L~! to 3.4 & 1.5 mmol L~!
and 9.5 & 2.3 mmol L~! were reported for 0%, 2% and 7% incline, respectively, representing
relative increases of +280% and +179% [25]. Those considerably higher LA values in the
study of Padulo et al. raise the question whether the initial load at 0% incline in that
study still corresponded to a standard low-intensity training stimulus of zone 1—which
should then be below 1.5 mmol L™! [16]. Due to the increasing incline and the associated
additional physiological demand, there are inevitably increases, which are also related
to the exponential response of LA above the threshold [26,27]. In view of the values of
the present study (1.15 4- 0.21 mmol L~! at 0% incline), it becomes clear that the training
stimulus in the present study was generally lower. Probably because of that, no exponential
increases were reached. Moreover, it is shown that for LA, not even an incline of 7% (on
the LBPPT at 70% vVOnnmay) is sufficient to achieve physiological-metabolic adaptations.

Regarding the factor BWget, our VO, results of mean decreases of 2.7-3.8 mL kg_1
min~! for 90% BWse; vs. 80% BWse; are in accordance with previous studies. Farina
et al,, e.g., concluded that each decrease in BWsge by 10% is associated with a reduc-
tion of approximately 3.4 mL kg~! min~! [4]. This is very similar to our mean value of
3.3 4+ 0.2 mL kg~! min~!. Other authors report larger decreases: McNeill et al. showed
in elite distance runners a decrease of 13.3 mL kg’1 min~!at3.84 ms~! (=13.8kmh1)
and 18.5 mL kg_1 min~! at 5.36 m s~! (=19.3 km h™!) for a 20% decrease in BWag,t, respec-
tively [1]. Those authors hypothesized that highly trained runners benefit “better” from
BWs,t than well-trained runners [2]. On the other hand, running velocity and accordingly
physiological demand may have an impact [1,2]. Furthermore, data from the present
study suggest that BWg,; leads to a decrease in HR. The decreases from 90% BWgg; to
80% BWget amounted to 4-8 bpm, while other studies reported mean decreases of 15 bpm
for running at 10-18 km h~! [2] and of 20 bpm at 13.8 km h~! [1] for 20% decrease in
BWs,t, respectively. Additionally, the significant decrease in LA values for 90% BWge vs.
80% BWoget of the present study is qualitatively in line with previous results, although
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significantly larger reductions of 1.0 mmol L~! were reported for 100% BWse; vs. 80%
BWae; (10-18 km h™1) [2]. In the study of Fleckenstein et al., LA values stayed unaffected by
the LBPPT at lower running velocities, while clear changes were found for faster running
velocities [2]. Regarding previous research, those results suggest that changes in VO,, HR
and LA can vary substantially, depending on the tested participants and their performance
level. Therefore, future studies on inter-individual responses on the LBPPT may prove
helpful for practitioners.

As initially pointed out, elite runners tend to train on the LBPPT with increasing
usage frequency [1] to reduce musculoskeletal loading [4], e.g., ground reaction forces
and peak tibial accelerations, while maintaining a preset physiological stimulus. From
a practical point of view, it seems reasonable to bring those different aspects together:
based on an exemplary low-intensity training stimulus, running at 80% BWos,; is associated
with a VO, reduction of 6.8 mL kgf1 min~! [4]. Adding an incline of 7%, that BWget-
induced reduction could almost ideally be counterbalanced by an opposite increase in VO,
by 6.8 & 0.8 mL kg~ ! min~! due to incline. Thus, physiological demand would almost
stay identical. From a biomechanical perspective, there is evidence that BWs,, implies
lower ground reaction forces [3,4,10,12,28], while peak tibial accelerations are unaffected
by the LBPPT [29,30]. Although no biomechanical analyses were pursued in the current
study, the existing investigations on CON suggest that peak impact forces as well as the
peak tibial accelerations are reduced during uphill running [31], while only the horizontal
propulsive peak forces increase [32]. Hence, by combining physiological and biomechanical
perspectives and factors, it could be hypothesized that a 7% incline (at 80% BWge¢) might
be useful to keep VO,- and HR-load equal, while keeping biomechanical stress as low
as possible. With such an incline, no increase in running velocity would be required (to
re-increase VO;), preventing peak impact forces and peak tibial accelerations from rising
to potentially harmful levels. Future studies should pursue this question and elucidate the
interplay between physiological and biomechanical factors in inclined LBPPT running.

5. Conclusions

To the best of our knowledge, the present study is the first to investigate how uphill
running on a LBPPT effects the three commonly used parameters for monitoring training—
VO,, HR and LA. It was found that a 2% incline at a given low-intensity stimulus of
70% vVOpmax is not sufficient to modify VO,, HR and LA values. However, a 7% incline
increases VO, and HR significantly. It can be assumed that the increased physiological load
at 7% incline is approximately equivalent to the reduced physiological load of 20% body
weight reduction (80% BWpget) from previous studies [4]. Therefore, from a practical training
perspective, such an incline on a LBPPT seems effective to keep physiological load high
without increasing running velocity, which is associated with increasing biomechanical
load. Future studies should evaluate both physiological and biomechanical variables in
the same uphill running study design. In addition, it should be investigated whether the
influence of incline is also given to the same extent in forms of high-intensity training.

Author Contributions: Conceptualization, D.F. and B.W.; methodology, D.F. and B.W.; software,
P.R,; formal analysis, D.F. and O.U; investigation, D.E, ].C.W. and P.R; data curation, D.F.; writing—
original draft preparation, D.F.,, O.U. and ]J.C.W.; writing—review and editing, O.U. and B.W.;
visualization, O.U. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the Humboldt-Universitadt zu
Berlin (HU-KSBF-EK_2018_0011; date of approval: 18.10.2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.



Sports 2021, 9, 51 80f9

References

1. McNeill, D.K;; Kline, J.R.; de Heer, H.D.; Coast, ].R. Oxygen consumption of elite distance runners on an anti-gravity treadmill(R).
J. Sports Sci. Med. 2015, 14, 333-339.

2. Fleckenstein, D.; Ueberschir, O.; Wiistenfeld, J.C.; Wolfarth, B. Physiological and Metabolic Reaction to Lower Body Positive
Pressure Treadmill Running. Dtsch. Z. Sportmed. 2020, 71, 11-18. [CrossRef]

3. Raffalt, P.C.; Hovgaard-Hansen, L.; Jensen, B.R. Running on a Lower-Body Positive Pressure Treadmill: VO2max, Respiratory
Response, and Vertical Ground Reaction Force. Res. Q. Exerc. Sport 2013, 84, 213-222. [CrossRef] [PubMed]

4. Farina, K.A,; Wright, A.A ; Ford, K.R.; Wirfel, L.A.; Smoliga, ]. M. Physiological and Biomechanical Responses to Running on
Lower Body Positive Pressure Treadmills in Healthy Populations. Sports Med. 2016, 47, 261-275. [CrossRef] [PubMed]

5. Barnes, K.R;; Janecke, J.N. Physiological and Biomechanical Responses of Highly Trained Distance Runners to Lower-Body
Positive Pressure Treadmill Running. Sports Med. Open 2017, 3, 41. [CrossRef] [PubMed]

6.  McNeill, D.K.P; De Heer, H.D.; Williams, C.P.; Coast, ].R. Metabolic accommodation to running on a body weight-supported
treadmill. Graefe’s Arch. Clin. Exp. Ophthalmol. 2015, 115, 905-910. [CrossRef] [PubMed]

7.  Kline, J.R; Raab, S.; Coast, ].R.; Bounds, R.G.; McNeill, D.K.; de Heer, H.D. Conversion Table for Running on Lower Body Positive
Pressure Treadmills. J. Strength Cond. Res. 2015, 29, 854-862. [CrossRef]

8. Stucky, F; Vesin, ].-M.; Kayser, B.; Uva, B. The Effect of Lower-Body Positive Pressure on the Cardiorespiratory Response at Rest
and during Submaximal Running Exercise. Front. Physiol. 2018, 9, 34. [CrossRef] [PubMed]

9. Gojanovic, B.; Cutti, P,; Shultz, R.; Matheson, G.O. Maximal Physiological Parameters during Partial Body-Weight Support
Treadmill Testing. Med. Sci. Sports Exerc. 2012, 44, 1935-1941. [CrossRef]

10. Grabowski, A.M. Metabolic and Biomechanical Effects of Velocity and Weight Support Using a Lower-Body Positive Pressure
Device during Walking. Arch. Phys. Med. Rehabil. 2010, 91, 951-957. [CrossRef]

11. Grabowski, A.M.; Kram, R. Effects of Velocity and Weight Support on Ground Reaction Forces and Metabolic Power during
Running. J. Appl. Biomech. 2008, 24, 288-297. [CrossRef]

12.  Hoffman, M.D.; Donaghe, H.E. Physiological Responses to Body Weight-Supported Treadmill Exercise in Healthy Adults. Arch.
Phys. Med. Rehabil. 2011, 92, 960-966. [CrossRef]

13. Sainton, P; Nicol, C.; Cabri, J.; Barthelemy-Montfort, J.; Berton, E.; Chavet, P. Influence of short-term unweighing and reloading
on running kinetics and muscle activity. Graefe’s Arch. Clin. Exp. Ophthalmol. 2015, 115, 1135-1145. [CrossRef]

14. Barnes, K.R.; Hopkins, W.G.; McGuigan, M.R; Kilding, A.E. Effects of Different Uphill Interval-Training Programs on Running
Economy and Performance. Int. |. Sports Physiol. Perform. 2013, 8, 639-647. [CrossRef]

15. Midgley, A.W.; McNaughton, L.R.; Jones, A.M. Training to Enhance the Physiological Determinants of Long-Distance Running
Performance. Sports Med. 2007, 37, 857-880. [CrossRef]

16. Seiler, S. What is Best Practice for Training Intensity and Duration Distribution in Endurance Athletes? Int. J. Sports Physiol.
Perform. 2010, 5, 276-291. [CrossRef]

17.  Tjelta, L.I. The training of international level distance runners. Int. J. Sports Sci. Coach. 2016, 11, 122-134. [CrossRef]

18.  Hollander, K.; Riebe, D.; Campe, S.; Braumann, K.-M.; Zech, A. Effects of footwear on treadmill running biomechanics in
preadolescent children. Gait Posture 2014, 40, 381-385. [CrossRef]

19. Squadrone, R.; Gallozzi, C. Biomechanical and physiological comparison of barefoot and two shod conditions in experienced
barefoot runners. J. Sports Med. Phys. Fit. 2009, 49, 6-13.

20. Borg, G. Perceived exertion as an indicator of somatic stress. Scand. J. Rehabil. Med. 1970, 2, 92-98. [PubMed]

21. Robergs, R.A.; Dwyer, D.; Astorino, T. Recommendations for Improved Data Processing from Expired Gas Analysis Indirect
Calorimetry. Sports Med. 2010, 40, 95-111. [CrossRef] [PubMed]

22. Billat, V.L.; Slawinski, J.; Bocquet, V.; Demarle, A.; Lafitte, L.; Chassaing, P.; Koralsztein, J.-P. Intermittent runs at the velocity
associated with maximal oxygen uptake enables subjects to remain at maximal oxygen uptake for a longer time than intense but
submaximal runs. Graefe’s Arch. Clin. Exp. Ophthalmol. 2000, 81, 188-196. [CrossRef] [PubMed]

23. Kuipers, H.; Verstappen, ET.J.; Keizer, H.A.; Geurten, P.; Van Kranenburg, G. Variability of Aerobic Performance in the Laboratory
and Its Physiologic Correlates. Int. ]. Sports Med. 1985, 6, 197-201. [CrossRef] [PubMed]

24. Chen, T,; Xu, M;; Tu, J.; Wang, H.; Niu, X. Relationship between Omnibus and Post-hoc Tests: An Investigation of performance of
the F test in ANOVA. Shanghai Arch Psychiatry 2018, 30, 60—-64. [PubMed]

25. Padulo, J.; Powell, U.; Milia, R.; Ardigo, L.P. A Paradigm of Uphill Running. PLoS ONE 2013, 8, e69006. [CrossRef]

26. Goodwin, M.L; Harris, ].E.; Hernandez, A.; Gladden, L.B. Blood Lactate Measurements and Analysis during Exercise: A Guide
for Clinicians. J. Diabetes Sci. Technol. 2007, 1, 558-569. [CrossRef]

27. Davis, ].A. Anaerobic threshold: Review of the concept and directions for future research. Med. Sci. Sports Exerc. 1985, 17, 6-21.
[CrossRef]

28. Jensen, B.R.; Hovgaard-Hansen, L.; Cappelen, K.L. Muscle Activation and Estimated Relative Joint Force during Running with

Acknowledgments: We thank André Wilhelm and Florian Frohberg for practical help and inspiring
discussions during the working process.

Conflicts of Interest: The authors declare no conflict of interest.

Weight Support on a Lower-Body Positive-Pressure Treadmill. J. Appl. Biomech. 2016, 32, 335-341. [CrossRef]


http://doi.org/10.5960/dzsm.2019.405
http://doi.org/10.1080/02701367.2013.784721
http://www.ncbi.nlm.nih.gov/pubmed/23930547
http://doi.org/10.1007/s40279-016-0581-2
http://www.ncbi.nlm.nih.gov/pubmed/27380101
http://doi.org/10.1186/s40798-017-0108-x
http://www.ncbi.nlm.nih.gov/pubmed/29159682
http://doi.org/10.1007/s00421-014-3071-y
http://www.ncbi.nlm.nih.gov/pubmed/25488671
http://doi.org/10.1519/JSC.0000000000000658
http://doi.org/10.3389/fphys.2018.00034
http://www.ncbi.nlm.nih.gov/pubmed/29441025
http://doi.org/10.1249/MSS.0b013e31825a5d1f
http://doi.org/10.1016/j.apmr.2010.02.007
http://doi.org/10.1123/jab.24.3.288
http://doi.org/10.1016/j.apmr.2010.12.035
http://doi.org/10.1007/s00421-014-3095-3
http://doi.org/10.1123/ijspp.8.6.639
http://doi.org/10.2165/00007256-200737100-00003
http://doi.org/10.1123/ijspp.5.3.276
http://doi.org/10.1177/1747954115624813
http://doi.org/10.1016/j.gaitpost.2014.05.006
http://www.ncbi.nlm.nih.gov/pubmed/5523831
http://doi.org/10.2165/11319670-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20092364
http://doi.org/10.1007/s004210050029
http://www.ncbi.nlm.nih.gov/pubmed/10638376
http://doi.org/10.1055/s-2008-1025839
http://www.ncbi.nlm.nih.gov/pubmed/4044103
http://www.ncbi.nlm.nih.gov/pubmed/29719361
http://doi.org/10.1371/journal.pone.0069006
http://doi.org/10.1177/193229680700100414
http://doi.org/10.1249/00005768-198502000-00003
http://doi.org/10.1123/jab.2015-0075

Sports 2021, 9, 51 90f9

29.

30.

31.

32.

Ueberschir, O.; Fleckenstein, D.; Wiistenfeld, J.C.; Warschun, F,; Falz, R.; Wolfarth, B. Running on the hypogravity treadmill
AlterG® does not reduce the magnitude of peak tibial impact accelerations. Sports Orthop. Traumatol. 2019, 35, 423-434. [CrossRef]
Moran, M.E,; Rickert, B.].; Greer, B.K. Tibial Acceleration and Spatiotemporal Mechanics in Distance Runners during Reduced-
Body-Weight Conditions. J. Sport Rehabil. 2017, 26, 221-226. [CrossRef]

Vernillo, G.; Giandolini, M.; Edwards, W.B.; Morin, ].-B.; Samozino, P.; Horvais, N.; Millet, G.Y. Biomechanics and Physiology of
Uphill and Downhill Running. Sports Med. 2017, 47, 615-629. [CrossRef] [PubMed]

Gottschall, ].S.; Kram, R. Ground reaction forces during downhill and uphill running. J. Biomech. 2005, 38, 445-452. [CrossRef]
[PubMed]


http://doi.org/10.1016/j.orthtr.2019.10.001
http://doi.org/10.1123/jsr.2015-0141
http://doi.org/10.1007/s40279-016-0605-y
http://www.ncbi.nlm.nih.gov/pubmed/27501719
http://doi.org/10.1016/j.jbiomech.2004.04.023
http://www.ncbi.nlm.nih.gov/pubmed/15652542

	Introduction 
	Materials and Methods 
	Subjects 
	Protocol and Test Design 
	Data Analysis 
	Statistics 

	Results 
	Oxygen Consumption (VO2) 
	Heart Rate (HR) 
	Blood Lactate Concentration (LA) 

	Discussion 
	Conclusions 
	References

