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ABSTRACT. The purpose of this study was to determine changes in intrinsic stride
timing variables as stride length and stride duration change with velocity  Altera-
tions in intrinsic timing variables may influence limb effort and thus the overali
energetics of locomotion. Stride length, stride duration, velocity and {0 intrinsic
stride timing measurements {stance duration of each limb, 6 overlap measurements)
were recorded from cine films of 10 penetically similar, 6 month old Quarterhorse
foals moving at velocities between | and [0 ms™'. Simple lincar regression analysis,
using stride duration as the independent variable and each intrinsic stride {iming
variable as the dependent variable, revealed high /* values (mean +* = (.94}, Loga-
rithmic transformation of velocity measurements followed by regression analysis
was used {o describe the relationship between intrinsic stride timing measurements
and velocity (mean »* = 0.89). Significant correlations {p<0.05} were found be-
tween velocity, stride duration and all intrinsic stride timing variables analyzed.
Any alterations in velocity, due to changes in stride duration and/or stride length,
wili clearly influence intrinsic stride timing variables
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INTRODUCTION

The relationship between velocily and stride
characteristics has been studied in adult
horses™>7 and foals.® Stride length is linear-
ly related to velocity at most gaits,>** al-
though may increase nonlinearly with veloc-
ity at the gallop.” For the foals used in the
present study, stride length and velocity
were Hnearly related through a velocity range
of I to 10 m s~ !# The relationship between
stride frequency and velocity is more com-
plex and has been explained by second- and
third-order polynomial equations.® Stride
frequency of the foals increased linearly with
velocity through a velocity range of 1 to 4 m
s~! but the rate of increase decreased with
increasing velocity through a velocity range
of 5to I0ms™'"

The relationship between intrinsic stride
timing measurements and velocity has not

been examined in detail. High correlations
have been found between certain intrinsic
stride timing variables and velocity at the
gallop over a velocity range of 10 to I5 m
s~! 2 Scatter plots and line-fitting techniques
kave been used to describe the velocity-
dependent effects on intrinsic stride timing
measurements for galloping horses moving
at velocities between 6 and 20 m s~'.7 Other
studies which have measured intrinsic stride
timing variables used a small range of veloci-
ties so that the examination of the relation-
ship between velocity and intrinsic timing
measurements was not possible.®’ Because
these measurements are potentially useful in
the biomechanical analysis of segmental mo-
tion and limb energetics, it was considered
necessary to examine further the velocity-
dependent changes of intrinsic stride timing
measurements.
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MATERIALS AND METHODS

Ten genetically similaz, 6 month old male
Quarterhorse foals were used in this study
All foals were in good body condition and
maintained on a pelleted hay grain diet for-
mulated to provide at least minimum nutri-
tional requirements according to 1978 Na-
tional Research Council standards. '

In preparation for filming, a stationary 16-
mm camera {Locam model 164-DC, Red
Lake Laboratories Inc, Santa Ciara, CA,
containing black and white film (Tri-X 7278
Reversal Film, Eastman Kodak Co, Roches-
ter, NY), was positioned perpendicular to
the line of motion and levelled horizontally.
A framing rate of 200 frames s~' was used.
Before filming the gait sequences, a metre
pole marked in 0.5 m segments was held in
the line of motion to allow accurate scaling
of distance measurements from film. Foals
were filmed while moving over a level sur-
face 15 m in length, allowing approximately
5 walk strides, 2-4 trot strides or 1-2 canter
gallop strides in a single film sequence. The
foals had a distance of 25 m to stabilize their
gait pattern before entering the filming area
and 25 m beyond the filming area in which
to decelerate. Foals were led on a loose lead
shank into the filming area for the walk, trot
and slow canter sequences. For the remain-
ing canter and gallop sequences, the foals
were allowed to move uniestrained through
the filming area. A total of 49 strides at the
walk, 35 strides at the trot and 60 strides at
the canter/gallop were analyzed for this
study.

Stride length, stride duration, the stance
phase duration of each limb, and 6 overlap
measurements were recorded from film.
Stride length was defined as the distance
covered between separate hoof contacts of a
single limb. Stride duration was defined as
the time required to move a limb from a
position in one stride to the same position in
the next stride. Velocity was calculated by
dividing stride length by stride duration. For
the forelimbs, the stance phase duration was
defined as time from initial hoof placement

until heel lift-off (LLFST = stance phase dura-
tion of the left forelimb, RFST = stance
phase duration of the right forelimb). Hind-
limb stance duration was defined as the time
from initial hoof placement until the fet-
lock angle measured 180° (LHST = stance
phase duration of the left hindlimb,
RHST = stance phase duration of the right
hindlimb). Overlap measurements were de-
fined as the time throughout which the two
limbs in question were in the stance phase
simultaneously. The overlap measurements
recorded were:  left  hind-right  hind
(LHRHOV), right hind-left fore (RHLFOV),
left fore-right fore (LFRFOV), right hind-
right fore (RHRFOV), left hind-left fore
(LHLFOV) and left hind-right foze
(LHRFOV).

Separate statistical analyses were carried
out for each foal. Correlation matrices were
produced using all variables and each corre-
lation coefficient {r} was tested for signifi-
cance.!! Simple linear regression was per-
formed using stride duration as the inde-
pendent variable, and each intrinsic stride
timing measurement as the dependent vari-
able. To best describe the relationship be-
tween velocity and each stride timing vari-
able, regression of stride timing variables,
including stride duration, was carried out
against logarithmically transformed velocity
measurements, Mean regression coefficients
() for both linear and log-transformed re-
gressions were obtained by averaging the co-
efficients for all foals {n=10). The fit of each
regression equation produced for linear and
log-transformed solutions was tested for sig-
nificance using analysis of variance.

RESULTS

High correlations were found between all in-
trinsic stride timing variables and velocity,
stride length and stride duration, all of which
were significant (r=0.80-0.99, p<0.03).
Mean 1? values and standard deviations for
the regression of each intrinsic stride timing
variable against stride duration and velocity
are presented in Table 1. Linear regression
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Fig. 1 Duration of Lhe stance phase of the ieft
forelimb (LFST) vs. stride duration for a typical
foal. Piotted points are data values: OO = walk,
B = trot, [ = canter/gallop, solid line is fitted lin-
ear regression line. Regression cocfficient = 0 97.

analysis revealed high r* values for all in-
trinsic  stride timing variables {(mean
2 =0.90-0.98) except for the duration of
overlap of the forelimbs (mean r*=0 74).
Regression of velocity against stride dura-
tion resulted in relatively low r* values
(mean r*=0.69). All linear regression models
were highly significant (p<0.01).

Logarithmic transformation and regres-
sion analysis resulted in high r° values for the
regression of stride timing variables, includ-
ing stride duration, against velocity (Tabie
1). Based on the 1* values, the best fits for the
log-transformed regression were obtained for
stride duration, the stance phases of each
limb and the diagonal overlap measurements
between RHLF and LHRF (+* values be-
tween 0.93 and 0.96). * values for the re-
maining overlap measurements are between
0.63 and 0.90. Analysis of variance showed
that all log-transformed regression models
were significant (p<0.05).

Fig. | shows the close linear relationship
found between stride duration and the
stance phase duration of the left forelimb for
a typical foal. Fig. 2a and 2 b show the loga-
rithmic relationship between velocity and
the stride duration and between velocity and
stance phase duration of the left forelimb,
respectively, for the same foal. The timing
measurements decreased at a decreasing rate
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Table | Regression coefficients obtained
from regression of stride timing variables
against stride duration and velocity

Values in table are mean regression coefficients
* standard deviation {(n==10)

Independent variabie

Dependent Stride
variable duration® Veloeity”
Stride - 095+002
duration
Velocity 069+006 -
LHST 0.98£0.01 0.96£0.02
RHST 098001 0.95+0.02
LFST 098001 0.93+0.04
RFST 0.98+001 093+0.04
LHRHOV 0902023 0823011
RHLFOV 0.90+0.20 094002
LFRFOV 0.74+0.29 0632028
RHRFOV 091022 090+0.06
LHLFOQV 0.92+0.15 0852018
LHRFOV 0.95+002 0930.03

" Obtained by simple linear regression.
b Obtained by log-transformation of independent
variable prior to regression

as velocity increased. Fig. 3a and 35 illus-
trate the relationship found between velocity
and the overlap duration of the diagonal
limbs, LHRF, and between velocity and the
overlap duration of the forelimbs, LFRF, for
the same foal. Overlap duration of diagonal
lEmbs showed the same relationship with ve-
locity as did the stride and stance phase du-
rations in Fig. 2 (17=0.94). Measurements
for the overlap duration of forelimbs did not
occur at velocities between 2 and 6 m s~
and a log-transformed regression model does
not fit this data well (+*=0.50).

DISCUSSION

Intrinsic stride timing measurements are lin-
early related to stride duration perhaps be-
cause these intrinsic measurements contrib-
ute directly to the total duration of the
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Fig. 2 (a) Stride duration versus velocily for a
typical foal. Regression coefficient for fitted
line = 0.98. (&) Duration of stance phase of the feft
forelimb (LFST) vs. velocity for a typical foal
Regression coefficient for fitted line == 0.98. Plot-
ted points are data values: O = walk, B = trot,
[ = canter/gallop, sofid lines are regression lines
fitted by log-transformed regression.

stride. The relationships between velocity
and stride timing measurements are more
complex. As velocity increases, the hoise has
fess time with which to move the limb
through the stride cycle, and therefore the
duration of the stride and the time that each
limb is on the ground, with or without other
limbs, 1s reduced accordingly. However, the
decrease is not linear (Figs. 2 and 3}, There
appears to be a limit to the rate with which
the horse can reduce the time taken to move
the limb through the stride cycle. This is
shown by the ever decreasing rate with
which stride duration, stance phase duration
and the duration of most overlap measure-
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Fig. 3 (a) Duration of left hindlimb-right fore-
tfimb overlap {LHRFOV) vs. velocity for a typical
foal, Regression coefficient for fitted line = ( 94,
(&) Duration of left forelimb-right forelimb over-
lap (LFRFOV) vs. velocity for the same foal Re-
gression coefficient for fitted line =0 50. Plotted
points are data values: [O= walk, BH=trot,
C1 = canter/galiop, solid lines are regression lines
fitted by log-transformed regression

ments decrease with velocity (Figs. 2 and 3).
Similar results have been found for other
quadrupeds, such as cats, dogs and non-hu-
man primates.'? As velocity increases, stride
and stance duration decrease curvilinearly in
the cat.® This limit to the reduction in stride
duration with increasing velocity has been
suggested to be caused by an inability to
rapidiy reduce the energy present in the limb
during the swing phase in order to prepare
for ground contact !

In the present study, the use of regression
analysis has revealed that the relationship
between velocity and stride timing measure-
ments 15 quite different from that between



stride duration and intrinsic timing meas-
urements. This is despite highly significant
and similar correlations found between all of
these variables. The calculation of correla-
tion coefficients alone may thus provide in-
complete information about the relationship
between variables.

The overlap measurements which did not
fit the log-transformed regression model as
closely as did most duration measurements
were contralateral Hmb overlap (LFRFOV,
LHRHOV) and ipsilateral limb overlap
(LHLFOV, RHRFOV) Values for these
overlap measurements were generally not
available for velocities between 2 and 6 m
5! Overlap between the indicated limbs
does not occur at the trot, which is the gait
most foals used within this velocity range.
The absence of these measurements may
have contributed to the relatively low 7* val-
ues obtained for the log-transformed regres-
sion equations for these variables.

Previous analyses of the relationship be-
tween velocity and intrinsic stride timing
measurements have been performed with
data taken from galloping horses *" Horses
moving at velocities between 6 and 20 m 5™
showed a nonlinear decrease in stride dura-
tion and stance phase duration as velacity
increased, similar to the relationship found
here.” Although the duration of overlap ap-
peared to decrease linearly with velocity, it is
uncertain which limbs are considered in the
overlap measurement.’ A study on four 2
year old Quarterhorses galloping at veloci-
ties between 10 and 15 m 5™ revealed refa-
tively low r* values for the linear regression
of hindlimb overtap and forelimb overlap
duration against velocity (*=0.77 and 0.72,
respectively).” These were similar to the Hn-
ear regression values obtained for intrinsic
timing measurements against velocity for the
data of the present study. However, in the
former study, linear regression of velocity
against stride frequency revealed high #* val-
ues (1=0.94). unlike the results obtained in
the present study {Table 1, *=0.69).

The difference in velocity range used in
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the former studies, as compared to the data
presented here, limits the degree to which
results can be compared. The more detailed
analysis of a wide velocity range in this study
allows the nonlinear relationship between
velocity and stride timing measurements to
be revealed, and provides a logical explana-
tion for the pattern of velocity-dependent
changes in stride timing variables.
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ABSTRACT The activity and movement of the neck were investigated electromyo-
graphically and kinematically in 4 hoises with and wilthout a rider during the waik,
trot and canter. Electromyograms (EMGs) of the neck muscies (spienius and sterno-
mandibularis) and a forelimb muscle (brachiocephalicus), and hoof strains were
recorded ielemetrically and synchronized with 16-mm high speed film In the
standing horse only the splenius had any tonic activity. The spienius and sternoman-
dibuiaris had EMQG activity twice during a step cyele in the symmetrical gaits but
only once at the canter. Both muscles had activation on both sides irrespective of
gait The splenius began activity in the walk after landing of the forefoot, in the trot
just around landing of the forefoot and in the canter before landing of the forefoot,
probably to resist falling of the head and neck The sternomandibularis had a
reciprocal activity to the splenius. This muscle was only active at the walk when
horses were ridden. The brachiocephalicus had FMG activity once a step cycle at
any gait, which indicated that the muscle is not a neck muscle, bul a forelimb

muscie.

Key words Hoarses, neck muscies, locomotion, electromyogram.

INTRODUCTION

Analyses of electromyograms (EMGs) of
skeletal muscles during locomotion in the
horse have been focused on the limb mus-
cles,'*7 and few papers have documented
electromyographic (EMG) activity of the
neck muscles. However, these muscles play
an important role in locomotion,* and have
thythmic EMG activity in accordance with
the step cycle of the forelimbs at all gails in
the dog. The hosse has along neck and uses it
to control and balance the head and fore-
quarters during locomotion. [t is important
to analyze EMG activity of the neck muscles
during locomotion in the horse with or with-
out a rider in order to understand neck func-
tion during locomotion and to gain an in-
sight into the effect of a rider. A rider can
achieve control of a horse in two ways; by
moving his position and center of gravity
and by regulating the horse’s head and neck

movement with the reins. The purpose of
this experiment was to investigate the effect
on EMG activity of the neck muscles of the
rider alone. The horses were therefore rid-
den with a loose rein so as to prevent any
restriction of head and neck movement.

MATERIALS AND METHODS

Horses

The electrodes positions for the splenius, the
sternomandibularis and the brachiocephali-
cus were determined in 2 horses recently de-
stroyed with a barbiturate overdose.

Four clinically normal Thoroughbreds,
weighing 430 to 478 kg, used as riding horses
were recorded by EMG and high speed pho-
tography. The horses were saddled without a
rider and were led at the walk, trot and can-
ter over a hard soil straight track. After this,
a 65 kg rider mounted and rode the horse



