































































































p between energy cost and speed (Bennett 1985)., It is widely

that walking and running constitute the most readlly

y means of locomotion in the human species, and that both (being

related) involve the breakdown and resynthesis of ATP by the
musculature and an associated consumption of oxygen. The exact

nature of the locomotor/energy cost relationship-isz complex, however, as
the body is continuously attempting to integrate the motion of its
various segments and to control the activity of its muscles so as to
minimise the energy expended at each step (Pierrynowski et al. 1980,
Winter 1982). Very broadly speaking, the metabolic energy consumed
aerobically by each gram of of a moving animal as it moves along the
ground increases as a linear function of the speed of progression
(Heglund et al. 1982). However, the nature of this energy cost/speed
relationship is substantially different for walking and running locomotor

gaits,

The relationship between mass-dependent energy cost and the rate of
horizontal walking is generally reported to be curvilinear in nature for
speeds up to about 2.22m.3-! (Passmore & Durnin 1955, Bobbert 1960,
Grimby & Soderholm 1962, Margaria et al. 1963, Menier & Pugh 1968,
Shephard 1969, Margaria 1976, McArdle et al. 1986, Noakes 1986, Williams
1987). This curvilinear relationship is revealed graphically as a
positively sloped concave curve (see Figure 1}, and suggests that as the
speed of walking is incremented, the associated expenditure of energy
increases disproportionately. Numerous authors (Bobbert 1960, Cotes &
Meade 1960, Knuttgen 1961, Grimby & Soderholm 1962) have described this
relationship further by suggesting that energy cost is linearly related

to the square of walking speed.

An assumption that can be made from the premise that energy cost and
walking speed are curvilinearly related is that there exists an optimal
speed of walking at which the expenditure of energy is minimised. Any
deviation in speed above or below this ‘"optimum"” tends to elicit a
substantial increase in metabolic cost. The actual spesd with which
this energetic minimum corresponds has been the focus of much research,
the result being a widespread difference of opinion. Table I reflects a

summary of the findings of numerous research papers, and highlights the

wide range of speeds reported as reflecting the most cost-efficient speed

of walking. It is clear from Table I that no single speed of walking can












t is a locomotory mode that differs very significantly from that of

; particularly with respect to mechanical and energetic
~.rations, Early studies defined the relationship between energy
expenditure and speed of running as curvilinear in nature (Sargent 1926,
Ogasawara 1934, Boje 1944), but research since 1950 suggests that the
energy cost of running increases as a linear function of speed, aa long
as the locomotion remzins aerobic in nature (Margaria et al. 1963, Menier
& Pugh 1968, Ribisl & Kachadorian 1969, Shephard 1969, Van der Walt &
Wyndham 1973, McMiken & Daniels 1976, Astrand & Rodahl 1977, Bransford &
Howley 1977, Davies & Thompson 1979, Mayhew et al. 1979, Conley &
Krahenbuhl 1980, Dolgener 1982, Leger & Mercier 1984, Daniels 1985,
Montoye et al. 1985, McArdle et al. 1986, Williams 1987). Generally
speaking, as running speed increases from about 2.22 to 5.80m.s—1, there
is a proportional increase in the locomotor energy expenditure (see

Figure 1).

The limit for purely aerobic running is set at a speed between about 5.5
and 5.8m.s~* (Menier & Pugh 1968, Cavagna & Kaneko 1977}, although Mayhew
et al (1979) put the figure as high as 6.7m.s~1, It is clear, therefore,
that the relationship between oxygen consumption (aerobic metabolism)
and running speed is linear in nature as long as the rate of progression
remains below about ém.s5-1, However, the relationship between total
energy expenditure (zercbic plus anaerobic metabolism) and rate of
progression tends to be exponential in nature across the entire range of
running speeds ({Daniels 1985). This 1s because as running speed
increases, the contribution to energy input from anaerobic sources
becomes proportionately greater, and at very high running speeds (ie.
sprinting) the aerobic supply of energy reaches a limit beyond which any
further generation of energy must be attained via non-oxidative

metabolism {(McMiken & Daniels 1976).

The linearity of the {(aerobic) energy cost/speed relationship in running
suggests that the energy required to cover a given distance 1is constant
and independent of speed {(Margaria 1963, Margaria et al. 1963, Costill &
Fox 1969, Van der HWalt & Wyndham 1973, Howley & Glover 1974, Margaria
1976, McMiken & Daniels 1976, Cavagna & Kaneko 1977, Mayhew 1977,
Fellingham et al. 1978, Cavanagh & Kram 1985b, Daniels 1985, McArdle et
al. 1986). Further research (Margaria et al. 1963, Cavagna & Kaneko
1977, Cavanagh & Kram 1985b} has revealed that this constant locomotor
















































However, the above holds true only for progression at speeds below the
aerobic limits set for walking and running at about 2.50 and 5.55m.s-t
respectively {(Cavagna & Kaneko 1977}, While increased cadence is an
effective means of realising increments in the speed of walking, there
does exist a limit to the rate at which the cyclic movements of the gait
mechanism can be made. Once these cadence-limitas are approached (during
tfast walking), further speed increments are more effectively realised via
an increased satride length (Charteris et al. 1982). Competition walkers
progress at rates wherein such cadence-limits are reached, and they have
evolved a technique of “rolling”™ the pelvis which enables them to
exaggerate the walking step length. When running at speeds above the
aerobic limit of approximately 5.55m.s5-%, increments in speed are
facilitated not by an increased stride length fas 1is typical at lower
running speeds), but by an increased cadence (Fukanaga et al. 1980).
This means of accelerating the running gait effectively eliminates the
considerable "hopping/bounding” which would result were the increased

running speeds realised via incremented lengths of stride.

It is clear from the discussion thus far that acceleration of the bedy
during walking and running can be achieved via an increased stride length
or an increased cadence (or both). In the final analysis, however,
increments in locomotor speed are facilitated by increases in both the
length and frequency of step - the locomotory mode dictating which of the

two contributes most significantly to the body’s acceleration.

Increased cadence is brought about simply by an increased rate of
muscular contraction. Stride length, however, may be increased by either
one or a combination of any of three mechanisms (Hogherg 1952), these

mechanisms being:
i} an increased rotation of the pelvis, coupled with an
exaggerated forward stretching of the swinging limb,
ii) an increased angle of the thigh in the sagittal plane, and

iii) an increased propulsive drive of the supporting limb.

The first of these mechanisms is ineffective because it takes too long

for the body's centre of mass to come into a position such that it lies




















































































































































































































































































































































































































































































































































































































































































