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Comment on: “Is Motorized Treadmill Running Biomechanically
Comparable to Overground Running? A Systematic Review
and Meta-Analysis of Cross-Over Studies”

Arthur H. Dewolf'2

© Springer Nature Switzerland AG 2020

Dear Editor,

We read with great interest the recent article Is Motorized
Treadmill Running Biomechanically Comparable to Over-
ground Running? A Systematic Review and Meta-Analysis
of Cross-Over Studies by Van Hooren et al. [1], and we com-
pliment the authors on providing an overview of the bio-
mechanical comparison between motorized treadmill (MT)
and overground running. Although other studies on differ-
ences in running biomechanics on a MT have been published
[2-5], a systematic review was timely, due to the extensive
use of MT running in training, research and in clinics. How-
ever, we believe that further considerations of the technical
specifications of the MT could offer some valuable insights
to better understand the biomechanical differences with
overground running. For example, within the authors’ argu-
ments, differences in MT stiffness may be partly responsi-
ble for the reported biomechanical difference observed with
overground running. Therefore, the authors suggest future
research to assess surface stiffness [6] and match it between
running conditions. Another critical factor presented in the
current study may contribute to the observed biomechani-
cal differences: the belt-speed variations [4, 7—10], which
depends on technical specifications of the MT [11]. Despite
the potential importance of this aspect, the authors do not
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suggest any perspective to take into account this factor in
future studies.

Accordingly, we wish to take this opportunity to shed
light on the potential effect of the intra-stride belt-speed
variability on the biomechanics of running particularly, to
the difference in the braking/pushing phases of running. To
do so, we have re-analysed the data of Dewolf et al. [12, 13]
considering the instantaneous velocity of the belt.

The fore-aft ground reaction force (¥y) and the instan-
taneous speed of the belt (V) were measured (Fig. 1a)
while running from 0.27 to 5.5 m s™. V,;, did not change
by more than 5% of the average speed of the belt over one
stride (I_/beh). In the fore-aft direction, the power spent by
the subject on the belt or by the belt on the subject (P,.,)
and the energy (E,,;,) due to the variations of the belt speed
can be computed as:

Prey = —F, f(vbelt - Vbelt> and Ep = / Ppgdt.

The positive and negative work done each step can then
be computed as the positive and negative increments of the
Eyo (W and W~, respectively). When running on a MT,
Py is mainly positive and E, generally increases with
time, meaning that the runner performs positive work against
the belt (Fig. 1b). When the velocity of the belt is considered
as constant, as in most of the studies comparing the biome-
chanics of overground and MT running cited in [1], the posi-
tive work done to sustain the fore-aft motion of the center of
mass (i.e., the propulsion) is underestimated (Fig. 1c). This
positive work, W+, increases with running speed. Further-
more apart from fast running speeds where the belt performs
some work on the runner (W~), the net work (W) done at
all running speeds can be approximated by W+.

This additional W, done against the belt, which does not
exist during overground running, may partly compensate the
supplementary work done against air resistance overground
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Fig. 1 Typical time traces of a subject running at ~ 3.6 m s~! on a

motorized treadmill. a Fore-aft component of the ground reaction
force (Fy—black continuous line) and the instantaneous velocity of
the belt (V,,—interrupted line). b Power spent by the subject on the
belt or by the belt on the subject (P —black line) and the energy

[14, 15]. However, a major difference with air drag is that
Py is not constant throughout the step (Fig. 1b). Indeed,
apart from small modifications of body surface, the drag is
about the same during the brake (when F; is negative) and
propulsive (when F} is positive) phases. When W+ is divided
into the work done against the belt during the brake (WI:“r ko)
and during propulsive (W:ush) phases, a considerable imbal-
ance is observed (Fig. 2). For comparison with recent data
[16], W:ush and W were computed per kg of body mass
over 30 min of running through an estimation of the average
energy loss per running cycle (Fig. 2). The majority of W+
is done during the braking phase, i.e., when the runner is
decelerating himself forwards, part of his work is done to
decelerate the belt (in other words, this energy is lost). In
addition to the lack of air resistance during MT running, the
small W:ush may hardly contribute to the reduced propulsion
observed on a MT [17].

This modification of the push vs. brake phases (so-called
‘landing—takeoff asymmetry’ [12, 18-21]), may signifi-
cantly affect the biomechanics of running on a MT. Recently,
Cheung et al. [16] have observed a hysteresis in the center
of mass force—displacement curve between the brake and

due to the variations of the belt speed (Ejeii_grey 1ine)- € Kinetic energy
of the COM (Ey) with and without taking into account the speed-belt
variation (continuous and interrupted lines, respectively). In each
plot, the vertical red lines correspond to a right-heel strike

the push phase. By comparing elite and novice runner dur-
ing MT running, these last authors have estimated a loss
of energy of approximatively 0.9 kJ kg=! over 30 min of
running in elite runners and of 1.3 kJ kg~! in unexperienced
runners (extrapolated to match their running speeds). The
difference observed here due to the belt is about two times
greater, confirming that E,;, should affect the biomechan-
ics of running. Indeed, as speculated by Cavagna [22], a
landing—takeoff asymmetry reflects a deviation from an elas-
tic rebound, in turn inducing a smaller running efficiency
(e.g., when running on sand, deviation from elastic rebound
results in a higher oxygen cost of running [23, 24]). In addi-
tion, such landing—takeoff asymmetry has already been asso-
ciated with a reduction of lower-limb stiffness [13, 20, 25].

While Van Hooren et al. [1] thoroughly discuss the dif-
ferences in surface stiffness as partly responsible for the
reported biomechanical differences between MT and over-
ground running, we argue here that the (relatively small)
kinetic and kinematic differences could also partly be
explained by a greater landing—takeoff asymmetry. As for
the stiffness, this asymmetry will depend on technical spec-
ifications of the MT [11]. For example, slightly different
results were observed on a low-cost fitness treadmill [26].
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Fig.2 Positive and negative work done on the belt. Left—the mass-
specific positive (closed symbols, superscript+) and negative (open
symbols, superscript—) mechanical work done again the belt each
stride is given as a function of running speed. Right—the mass-spe-
cific positive mechanical work done again the belt is divided in W}

rake
(closed symbols) and W;’ush (open symbols), the work done to deceler-

In addition, it is worth stressing that this asymmetry will be
even more pronounced on an inclined MT, since the verti-
cal forces will also generate a power against the belt). We,
therefore, suggest that researchers, clinicians and athletes
assess the belt-speed variability and take it into considera-
tion to understand and anticipate the biomechanical differ-
ences between MT and overground running.
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