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Can the Center of Mass Reflect the Metabolic Expenditure?
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Abstract

In the past studies, the movement of center or mass (COM) was one of the descriptor to estimate the metabolic
expenditure.  However, the sensitivity of this method among the wide range speed, the locomotion pattern and during
the Energetically Optimal Transition Speed (EOTS) is still unexplored. Hence that, the purpose of this investigation
was to determine the metabolic and COM pattern differences between walk and run among the EOTS with a reflective
marker motion analysis system and indirect pulmonary ventilation machine. The results showed that there is a metabolic
intersection on two locomotion patterns (walk and run) between 100 and 125% Preferred Transition Speed (PTS), which
coincides with the past EOTS studies, whereas, COM result showed that the variation of vertical COM displacement for
running is significantly higher than walking among the entire tested speed. The pattern between the metabolic and COM
variables is an inverse relation after the EOTS. Hence, the present investigator doubted that there would be a reliability
problem for those instruments which use the COM displacement to estimate the metabolic cost or the intensity of physical
activity among 5.15 to 9.82km/h for walk and run.
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Introduction

Walking and running are two of the fundamental
locomotion in human. In the last two decade, scientist
have explored there is a metabolic cost (ml/kg/min)
junction between walk and run when the locomotion
speed increase (Hreljac, 1993, 1995; Mercier et al., 1994).
This junction is commonly defined as EOTS. In the
other words, it means the oxygen expenditure for walking
became higher than running when the movements speed
is above the EOTS, whereas it is lower when the speed
below the EOTS. Moreover, walking or running with
decrease or increase the speed around the EOTS can also
address the preferred gait change from walk to run or
from run to walk (Thorstensson & Roberthson, 1987).

In recent research, researcher have tempted to
recognize that this metabolic change may be influenced
by several kinematic factors such as gait variable, angular
movement, muscle mechanics and the variation of vertical
COM (Cappellini, Ivanenko, Poppele, & Lacquaniti,
2006; Jordan, Challis, & Newell, 2007a, 2007b; Li et
al., 1999; Ortega & Farley, 2005; Sasaki & Neptune,
2006; Schwartz, Rozumalski, & Trost, 2008).  Although
these factors have revealed some correlations about the
interpretation of the metabolic change on the EOTS, but
by reviewing these literatures, it also shows that there are
some inadequate applications of conventional theory among
the range of EOTS such as COM.

The vertical COM variability has been used to
indicate the changes in potential energy, and the vertical
COM variability increase with a concomitant greater
work done (Cavagna, Saibene, & Margaria, 1963,
1964). Traditionally, researchers associate with the
correlation between vertical COM variability and energy
cost to predict the work done in exercise like step tests
(Nagle, Balke, & Naughton, 1965). Nowadays, there
are numerous of activity monitor instrument design,
such as Accelerometer, was designed according to this
theoretical background to measure the activity intensity
(Chu, McManus, & Yu, 2007; Henriksen, Lund, Moe-
Nilssen, Bliddal, & Danneskiod-Samsge, 2004; Norman,
2006; Swan, Byrnes, & Haymes, 1997). However, in the
recent research, researchers have reported that decrease the
vertical COM variability or walking with a flat trajectory
may result in higher the metabolic expenditure (Hreljac &
Martin, 1993; Ortega & Farley, 2005).

In generally, human perform a greater vertical COM
variation run contrasting to walk. Nevertheless, under the
ratiocinate by the EOTS finding, the result of metabolic
expenditure and vertical COM variation will be refuted by
each other when the locomotion speed over the EOTS.
Hence the purpose of the present study is to explore the
relationship between EOTS and vertical COM variation.

Methods

Participants

Participants were 12 male graduate students with a
mean age of 25.54#2.5 yrs, mean weight of 70.65+12.75
kg, mean height of 172.15+6.15 cm from the Physical
Education Department, National Taiwan Normal University.
All the participants were informed consent before the
experiment. All of them were free from chronic,

cardiovascular problems.

Equipments

Optical motion capture system

The COM displacement was measured with a VICON
MX system (Vicon Motion Systems Ltd., Oxford, UK) at
a sampling rate 250Hz. Ten infrared cameras were used
to capture a 39 reflective marker set for Vicon® Plug-In
Gait, which is positioned on specific anatomical landmarks
for compute the location of COM by Vicon Nexus®
software (McGinley, Baker, & Wolfe, 2006).

Metabolic measurements system

Pulmonary gas exchange indexes were measured by
the use of breath-by-breath apparatus (Cosmed Quark®
PFT, Rome, Italy). Participants wore a facemask which
passed expired air into a photoelectric digital turbine. O,
and CO, concentrations were determined by rapid response
analyzers (O, zirconium, CO, infrared). Calibration of the
system was performed immediately before each test, using
a 3L syringe and a gas mixture from a tank (O, - 16%,
CO, - 5%, N, - balance).

Treadmill

According to the previous research, PTS determination
was a standard procedure to determine the EOTS (Hreljac,
1993). Hence, a SensorMedics 200 motor-driven treadmill (series
200 Treadmill, Marquette, WI) would be used to control
the walking/running speed to the participants.
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Data Collection

Pre-test

Pre-test was preceded two days before the
experiment.  The purpose of the pre-test was aim to
determine the PTS and VO, maximum for. define the
100% PTS and normalize the exercise VO, for the

experimental day use.

PTS determination was separated into two parts (from
walk to run and from run to walk). Participant needs to
perform walking (from walk to run) with an initial speed
6 km/h, furthermore, the speed then increase by 0.4km/h
per 30 seconds, until the first flight off phase appeared (Gait
change). After that, participant should have a 15 minutes
rest before the run to walk determination. During the
run to walk determination, participant needs to perform
running with an initial speed of 9 km/h, furthermore, the
speed was then decrease by 0.4km/h per 30 seconds, until
the first flight off phase disappeared. Lastly, the ending
speeds on the two determinations were then calculated by
the following equation:

[(W-R)/2+(R-W)22]/2 = 100%PTS

To reduce the individual deviation (zf cardiovascular
capacity differences, the eerrimental VO, data would
be compared to individual’s VO,,,, for normalization and
express in % VO,,, in the results and the equation is as
follow:

[Exercise VO, — Resting VO,] / VO, = % VO,

Table 1. Statistic Description.

During the \./O2 n determination, participant was
required to run on a treadmill to exhaustion according to
the Bruce protocol tess, which is a general assessment to
estimate the level of VO, ,, for human (Bruce, 1972).

Experimental Design - Post fest

During the testing, participant was required to
perform both 5 minutes walk and run in 3 selected
locomotion speeds (75, 100 and 125%PTS) and the
sequence was in random design. Moreover, there was
a 5 minutes rest between each determination and both
of the mean metabolic and kinematic result at the last

minute per trial would be recorded for analysis use.

Statistical Analysis

Statistical analyses were run by the SPSS version
15.0 (SPSS Inc., Chicago, IL).
computed and were used to shown the mean value

Descriptive were

with the standard deviation. In present study, it would
compare the mean of the consolidate results to show
the characteristic between two locomotion conditions and
three controlled speeds. Furthermore, the 2 x 3 repeated
measure ANOVA test was chosen as the statistical analysis
to determine the main effect between the tested factors
with the alpha value p<0.05. If there was a significant
value between two independent variables, Bonferroni
post hoc comparisons would be used to compare the
differences between two locomotion conditions under three
tested speed independently. There were three dependent
measures (3 different %PTS) repeated under two conditions (walk
and run). Moreover, the independent factors were set as

conditions and speeds (Table 1).

Independent Variable

Dependent Variable

Conditions (Walk, Run)
Speeds (3 tested PTS)

Mean standard deviation (stdev.) of vertical COM

Mean % VO,
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Results

From the pre-test, the mean 75, 100 and 125%PTS
was 5.15kmh (0=022), 686kmh (0=029) and 858km/h (0=0.36),
respectively, moreover, the average VO, determined by
Bruce protocol was 49.80 ml kg’ min” (0=6.52).

The statistical results showed that both of the
measured dependent variables (stdev. of vertical COM
and % VO,,,) were having the interaction effect (p<.05),
the select locomotion speed and locomotion pattern affect
the tested dependent variables significantly (Table 2).
However, the trends of the tested dependent variables (%

\./OZmaX and stdev. of vertical COM) diffeged from one
another (Fig. 1 and 2).
there was a significant difference between walk and run
during 75 and 100%PTS.
tested % PTS, participants were required more metabolic

For the mean % VO, ,, result,
Running under these two
cost contrast to walking, whereas, there was no significant

different under 125%PTS (Fig. 1).
of vertical COM result, there was a significant difference

For the mean stdev.
between walk and run during all tested %PTS. Running
under the entire tested %PTS, participants were performing
a larger variation of vertical displacement contrast to

walking.

Table 2. Multivariate Tests of Within-Subjects Effects".

Effect Value F Hypothesis df Error df Sig.
Conditions * Speeds 901 45.456" 2.000 10.000 .000
(Mean % VO, ,..)

Conditions * Speeds 769 16.673° 2.000 10.000 001

(Mean_stdev. of vertical COM)

a Exact statistic

b Within Subjects Design (Pillai’s Trace): Conditions * Speeds
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Figure 1. Estimated marginal means result of % VO, ,, under two tested locomotion conditions and three speeds.

Adjustment for multiple comparisons by Bonferroni post hoc test *p<.05.

The interception between 100 to 125% PTS

indicated the metabolic change of walking and running and so call EOTS.
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Figure 2. Estimated marginal means result of standard deviation of vertical COM displacement under two tested locomotion

conditions and three speeds. Adjustment for multiple comparisons by Bonferroni post hoc test *p<.05

Discussion and Conclusion

The result showed that a typical metabolic trend
of EOTS appear at between 100 to 125%PTS, which
is coincide with the past literature (Hreljac, 1993;
Thorstensson & Roberthson, 1987). There was no
metabolic difference between walk and run under
125%PTS. However, the COM result showed that
walking is significant smoothing that running under the
entire tested speeds and the multivariate test has also
revealed the trend of walk and run would develop
inversely.  That means there was more unstable vertical
oscillation when the speed increases, whereas, walking
was trend to stable when the speed increases. This
phenomenon is corresponding with the hypothesis made
by Ortega and Farley (2005). Hence, from that point of
view, the results can be one of the evidence to illustrated
the variation of vertical displacement is inadequate to
indicate the metabolic expenditure among EOTS (5.15 - 9.82
km/h in present study).
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