Ground reaction force analysis at canter and jumping
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ABSTRACT The purpose of this study was to describe velocity-dependent changes
in stride length and stride frequency of horses trotting on a treadmili. Eight trained,
fit horses were trotted at I5 increments of increasing treadmill speed. Velocity,
stride length and stride frequency were determined by counting and measuring the
number of strides occurring over a set number of revolutions of a coir treadmill mat
marked off at known distances Cine films were taken concurrently to verify meas-
urements, if required. Mean values of the ranges were | .6-100 m s~ (velocity),
i.1-2.18 strides s~' {stride frequency), and 1 48—4 .62 m (stride length), There was a
strong linear relationship between stride iength and velocity, as shown by a mean r
of the regression equation of 98 0%. The slopes of the stride length-velocity lines
differed {p<0.03) between most horses as determined by analysis of covariance.
The relationship between stride frequency and velocity was noniinear and was
described by a first {1 horse), second (6 horses) or third {1 horse) degree polynomial
equation. It was concluded that stride length increases linearly, and stride frequency

noniinearly, with increases in velocily in horses trotling on a treadmill.
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INTRODUCTION

Equine exercise physiologists take measure-
ments of horses moving on treadmills under
the assumption that these animals are mov-
ing in a manner comparable to that seen in
overground locomotion. However, a pre-
liminary study which included comparison
of a horse moving on a treadmill and moving
overground at either 6.5 or 8.5 m s~' found
significant differences in stride length, stride
frequency and a number of interiimb timing
and distance measurements.® The present
understanding of how horses locomote on
treadmills is incomplete as velocity-depend-
ent changes in stride characteristics have not
been described.

Evaluation of any locomotor performance
requires an understanding of the interrela-
tionships between velocity, stride length and
stride frequency.® The purpose of this study
was to examine velocity-dependent changes

in stride iength and stride fiequency of
horses trotting on a treadmill.

MATERIALS AND METHODS

Eight Swedish Standardbred trotters were
used for this study. The average weight of
horses was 451 kg All horses were relatively
fit, unshod, clinically sound and familiar
with moving on a treadmill. Notes were tak-
en of any hoof trimming modifications or
abnormalities present.

The tfreadmill used is described else-
where.* There was a mark on the coir tread-
mill mat from which calculations of velocity
and stride length were made. The marks on
the treadmill were 16,14 aparrt. The time re-
quired for 2, 3 or 4 revolutions of the mat
were timed with a stopwatch Stride frequen-
cy was determined visually by counting
strides made over 30 second intervals. As a
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Fig 1 Graph of stride length {m) and velocity (m

s~1} data for horse 8 The {irst degree polynomial

regression line is shown.

backup to data collection, horses were
filmed with a cine camera (Locam 164-5 DC,
Red Lake Laboratories, Santa Clara, CA) at
either 125 or 250 frames second™!, depend-
ing on horse velocity. To verify film speed
the camera was {itted with an internal timing
light generator set at 250 Hz.

After an adequate warm-up period on the
treadmill, each horse was trotted at an aver-
age of 15 increments of increasing treadmill
speed, from the slowest speed at which the
horse used a trot to the fastest trot that the
horse could exhibit with safety, After the
measurement period was completed the
horses were cooled off by gradually decreas-
ing treadmill speed.

A polynomial-regression analysis, based
on the least-squares method of line fitting,
was done on siride length or stride frequency
(dependent variable) and velocity (inde-
pendent variable) data. The selection of the
appropriate degree of polynomial equation
was based on comparing the calculated F
value of each of the first 4 degrees of polyno-
mial equations with tabular F values for the
0.05 probability level.’! The coefficient of
determination (expressed as percentage), 7,
slope, and standard error were calculated for
each selected regression eguation of stride
length versus velocity. Comparison of re-
gression slopes was done using analysis of
covariance, using an F test, at the 5% {cvel of
significance.!!
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RESULTS

The range of mean velocities used was 1.6 to
100 m s~!, the range of mean stride frequen-
cies was 1.1 to 2.18 strides s~ and range of
mean stride lengths was 1 4810 4.62 m.

Stride fength For each of 8 horses in the
study the relationship between velocity and
stride length was linear with little deviation
of data from the regression line (Fig. 1). The
regression analysis of stride length and ve-
locity sclected a linear regression line with a
mean ~ of 98.0%. The mean slope of the
regression line using stride length as the de-
pendent variable and velocity as the inde-
pendent variable, was (.39, and the standard
error of this line was 0.015 Analysis of
covariance of regression lines revealed 2
groups and one individual with significant
differences in slope: the first group (Horses
I, 2, 4) had an average slope of 0.43, the
second group {Horses 5, 6, 7, 8) an average
slope of 0.37, and the individual horse
(Horse 3) had a siope of 0.32. Slopes of
horses within each group did not differ sig-
nificantly (p<0.05).

Stride frequency. The relationship between
stride frequency and velocity was described
by a first degree {! horse), second degree {6
horses), or third degree (1 horse) polynomial
equation (Figs. 2-4) The #* of the second

STRIDE FREQUENCY (strides/s)
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Fig 2 Graph of stride frequency {strides s™'} and
velocity (m s~') data. The line of best fit (a first
degree polynomial regression line) is alse graphed.
This horse (no 2) exhibited interference at veloci-
ties between 4 and 7m s~
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Fig 3 Graph of stride frequency (sirides $~') and
velocity (m s~') data for horse 8. The line of best
fit was a second degree polynomial equation

degree polynomial equations selected to de-
scribe the relationship stride frequency vs.
velocity of 6 horses was 95 9% The r* for the
first and third degree equations was 73.8%
and 95.2%, respectively,

The stride frequency-velocity graph of the
horse with a first degree polynomial exhibit-
ed scatter of points in velocities between 4
and 7 m s~' (Fig. 2). At velocities when
scattered data points occurred, this horse
was experiencing limb interference prob-
lems, as detected by the clicking sound of the
hindiimb hitting the opposite forelimb. The
front feet of this horse had been trimmed
with a shortened toe as a possible attempt to
correct for the interference problem. The
stride frequency-velocity graph of the horse
requiring a 3rd degree polynomial (Horse 4)
flattened out in the mid-velocity range and
then increased at faster velocities (Fig. 4).

DISCUSSION

Stride length

Stride length of horses moving overground is
known to increase linearly with increases in
velocity in foals' and adult horses of various
breeds.>” The results of the present study of

horses locomoting on a treadmill also exhib-
ited a strong linear relationship Stride

length of horses moving on a treadmill is
reported to be significantly shorter than that
of horses moving overground.* Future analy-
sis of intrinsic stride measurements may give
us additional information to determine why
this oceurs.

Stride frequency

Stride frequency of horse 2 was described by
a first degree polynomial equation. This
horse exhibited varying stride frequency
measurements at velocitics between 4 and 7
m s~ ! apparently due 1o velocity-dependent
interference (possibly forging) occurring at
those speeds.

The velocity-stride frequency data of
horse 4 described by a third degree polyno-
mial ecuation may represent an atiemnpt by
this horse to use a preferred stride frequency
over a middle velocity range of approximate-
ly 4 to 8 ms™' A similar nonlinear relation-
ship and interpretation has been reported
previously 2 It was suggested that the horse
may be attempting to use a stride frequency
which would demand the least amount of
energy expenditure.! It has been suggested
that the metabolic costs of locomotion are
proporttional to stride frequency, since stride
frequency reflects the speed at which forces
must develop and decay during each stride.'?
In horses there is a velocity at the walk, trot

STRIDE FREQUENCY (strides/s)
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Fig 4 Graph of stride frequency (strides s=") and
velocity (m 5~ data for horse 4. The line of best
fit was a third degree polynomial equation.
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or gallop at which the expenditure of energy
reaches a minimum value for each gait and
which a horse will choose preferentially >
The selected velocity may involve use of a
preferred stride length, stride frequency, or
both measurements.”

A comprehensive study should be done
comparing treadmill locomotion and over-
ground locomotion. The differences detect-
ed in a previous study” included decreases in
stride length, swing phase duration, time be-
tween placement of the limbs of a diaponal

limb pair {diagonal dissociation) at lift off

and distance between forelimb placement
{(forestep length}, and increases in stride fre-
quency, duration of the limb deceleration
phase {(at 8 5 m s7'), and a marked increase
in the distance between limbs of each diag-
onal limb pair of horses on a treadmill. The
authors suggested that these differences
could be due to variability between record-
ing sessions.

It may be unacceptable to carry out phys-
iological experiments on horses moving on a
treadmill by setting a standard velocity and
assuming that all horses are moving similarly
and expending comparable energy.’ The ba-
sis of this comment is data reported in Fedak
et al . of a pony on a treadmill which showed
that, at a velocity of 7.6 m s™', 38-40% of
the mass-specific rate at which this animal
consurmes energy is used to accelerate the
limbs and other segments relative Lo the cen-
ter of mass. This percentage would be greater
at faster velocities. It is therefore feasible
that different patterns of moving the limbs,
such as those typically seen in a group of
horses, would result in distinctly different
energy costs and consequently, different lev-
els of metabolic measurements. it has been
suggested that a different method of stand-
ardizing movement analysis should be de-
vised. For example, one study evaluated
stride length taken at a standard stride fre-
quency of 2 strides s~'.'" Other researchers
standardize measurements to stance phase
duration.

It would be valuable to know velocity-de-
pendent characteristics of velocity, stride
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length, and stride frequency prior to initiat-
ing a treadmill based experiment so as to
detect idiosyncracies, or unigue locomotor
features, such as those determined for stride
frequency of Horses 2 and 4 in the present
study

ACKNOWLEDGEMENTS

We thank Drs Persson and Lindholm from
the Department of Medicine and Surgery for
the use of horses from their study herd. We
also thank Mr Stig Wictorsson for handling
the horses and Mr Bjorn Hellmén for operat-
ing the cine camera,

REFERENCES

I Baver, A (1973) Bewegungsanalysen an Trabrenn-
plerden mit Hilfe der Ungulographie Zbl Vet Med
A 20, 209-22]

2 Dusek, F. Ehrlein, H i, von Engelhardl, W and
Hornicke, H (§1970). Beziehungen zwischen Tritt-
fange, Trittlrequenz und Geschwindigkeit bei Plor
den Z Zucht B, Tierz Zuchtungs biol 87, 177-188

3. Fedak. M A, Heglund, N. C and Taylor, C. R
(i982) Encrgetics and mechanics of terresirial loco-
motion. 11 Kinetic energy changes of the limbs and
body as a function of speed and body size in birds
and mammals } Exp Biol 79, 23-40

4. Fredricson, T, Drevemo, §, Dalin, G, Hjertén, G,
Bjorne, K., Rynde, R and Franzén, G (1983).
Treadmill for eguine focomotion analysis Equine
Ve ] 13, 141115

5. Hornicke, ¥ . Meixner, R and Pollman, U (1983).
Respiration in exercising horses. In Snow, D. H,
Persson, S G. B. and Rose, R} (eds ) Eguine
Fxercise Plsiology, Gramia Editions. Cambridge,
pp 1-i4

6 Hoyt, D F and Fayler, C. R (198]) Gait and the
energetics of focomotion in horses Nature 292,
239-240

7 Krenacher, C and Ogrizek, A (1932) Extericur und
Leistungsfithigkeit des Pferdes mit besonderer Be-
ritcksichtigung  der  Gliedmassenwinkelung  und
Schrittiangenverhiiltnisse. £ Zucht B, Tierz. Zucht
biol 23, 183-228

8§ Leach, B H and Crawford, W H. (1983). Guaide-
lines for the future of equine locomotion research
Equine Vet J. 15, i03-110

9 Leach, D H {1987) Locomotion of the athietic
horse fn Gillespie, } R and Robinson, N E. (eds.):
Equine Exercise Physivlogy 2. ICEEP Publications,
Davis, CA, pp 516-535

10 Leach. D H and Cymbaluk, N F. {1986). Relation-
ship between stride length, stride [requency, velocity



140 D H Leach and S Dievemo

and morphometrics of foals Am } Vet Res 47,
2090-2097.

Snedecor, G W and Cochran, W_G. (1980} Siatisti-
cal Methods. Tth ed. |, Towa State Univ. Press, USA

12 Tayior, C R (1985) What determines the cost of
tocomotion? A closer look at what muscles do Proc
5th Ana Sci Meet Ass. Equine Sports Med., pp
13-21



