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Summary

The aim of this study was to propose a new methodology to analyze the gait of the gaited
horses. Were used 75 horses from three Brazilian breeds (Mangalarga Marchador,
Mangalarga and Campolina), grouped by the type of the gait (Marcha Batida, Marcha
Trotada and Marcha Picada). All animals were filmed in a plane lane consisting of sand or
cement 10 m in length and the animals were presented mounted. The camera was
positioned at a height of 50 cm from the ground, 10 m from the center of the lane and the
speed of acquisition of images was set 120 fps. The movies were analyzed on the free
software Tracker, version 4.92 and the results were interpreted by calculations on Excel®
2016 and SPPSS 22. The mean speed for all animals was 13.01 ± 1.62 km/h, ranged from
12.43 ± 1.68 to 13.55 ± 1.41 (marcha trotada and marcha batida gait, respectively). The
marcha batida gait had a mean of dissociation of 0.36 ± 0.11 ms and a frequency of steps
of 119.42 ± 17.42 steps/min. The mean sensitivity was 95.6% and the same values were
found for the specificity. The Accuracy ranged from 92.19% to 100%, for marcha trotada
and marcha picada, respectively. This technique proved to be effective to analyze and
comparing the gait patterns of horses, returning accurate new variables for genetic
improvement and clinical diagnostics.
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Introduction

Most of horses can naturally perform four types of gait, which are classified in gaited and
non- gaited (Andersson et al., 2012). The gaited gaits do not present a suspension time of
all four hooves, making the animal have constant contact with the ground (Beck, 1983).
The gaited gait has a greater complexity of support, as there are diagonal, lateral and also
triple support (Nicodemus, 2003).

The potential of kinematic analyses for genetic improvement have been reported
due the accuracy of the results and the high heritability of the new traits returned by these
analyses (Molina el al., 2008). According to Solé et al. (2014) the selection process for gait
traits or performance can benefit from kinematic analysis / quantification, because the
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kinematic traits have less environmental influence. The kinematic variables have been used
in genetic evaluation of Lusitano horses (Solé et al., 2014) and Spanish Purebred horses
(Molina et al., 2008; Valera et al., 2008) and according to Boggess et al. (2013), there is a
need for the phenotyping of animals,but also new phenotype are needed (Boichard and
Brochard, 2012).

The aim of this study was to propose a new methodology to analyze the gait of the
gaited horses, implementing a 2D kinematic method using the free software Tracker, as a
new tool for gait and performance selection and phenotyping the horses.

Material and methods

Animals

In this work data were collected from 75 horses of three Brazilian breeds (Mangalarga
Marchador – N = 44, Mangalarga – N = 26, and Campolina – N = 5), grouped by the type
of the gait (Marcha Batida – N = 36, Marcha Trotada – N = 26, and Marcha Picada – N =
11). Data were collected from both sexes males (N = 44) and females (N = 32).

Data Collecting

For the purpose of this study all animals were filmed in a plane lane of sand or cement, 10
m in length and the animals were presented mounted. The camera was positioned in a
height of 50 cm from the ground, 10 m away from the center of the lane and the speed of
acquisition of images was set at 120 fps. To identify the length of the lane in the analysis,
two traffic cones (75 cm height) were placed at the beginning and the end of the lane
(Figure 2A).

Video Analysis

For the processing, all videos were converted to AVI format and then imported to the free
software Tracker. This software is useful to analyze the movement by physics perspective,
using a cartesian plane (decomposition of the movement in x and y coordinates). The
obtainment of the coordinates of the movement was divided in two steps. First all videos
were calibrated using the height of the traffic cones and the length of the lane. This
calibration was made by the positioning of the calibrate tape from the Tracker software in
the required place in the videos (Figure 2A). After the calibration process, was set a
cartesian plane in the beginning of the lane and the initial frame and the terminal frame
were determined (first hoof has entered in the lane and the last hoof leaved the lane,
respectively).

Each hoof was manually marked (frame by frame) in the same position at three
distinct moments, first in the moment when the hoof initiates the support phase, second
when the hoof reached the maximum of elevation and third when the hoofs ended the
suspension phase (Figure 2B).



Figure 1 A: Details of the calibration process in the Tracker software, 1 is the calibration
stick positioned over the traffic cone in the right side of the lane and 2 is the calibration
stick over the lane (between the two traffic cones). B: Position of marking the hooves, 1 is
the beginning of the support phase; 2 is the maximum of elevation and 3 is the end of the
suspension phase.

Computing Variables

Considering the cartesian plane, each hoof was represented by one curve (Travelled
distance x Elevation). Using this curve was possible to calculate the longitudinal range of
motion and the mean of elevation. Then other curve was constructed (Time x Travelled
distance) for the calculation of the frequency (steps/minute).

For any pair of limbs (diagonal or lateral) the sum of the difference between the
time coordinate at the beginning and the end of the support phase was set as Dissociation
measure:

(1)

where is the value of time coordinate at the beginning of the support phase in one limb; is
the value of time coordinate at the beginning of the support phase in other limb, provided
it is diagonal or lateral to the first. The measure of Elevation was calculated as the mean of
all points of maximum elevation for all limbs, as the formula:

(2)

where is the value of y coordinate at the point of maximum elevation of the limb. The
times of Supports and Suspension were calculated as the mean of the duration of the two
phases, as the following formulas:

(3)

(4)

where is the value of time coordinate in the beginning of the support phase and is



the value of the time coordinate at the end of the support phase. The Range of motion was
performed as the mean of the difference between the values of beginning and end in the x
axis (travelled distance):

(5)

where is the value of the distance coordinate for one limb at the beginning of the
movement and is the value of distance coordinate for the same limb at the end of the
movement. The Frequency of steps was calculated by the counting of steps and divided by
the time lapse.

For the purpose of the obtainment of the proportion of all types of supports, was
used the Gantt diagram then was possible to see the duration of support and suspension
phases in a graphic format (Figure 4). The duration of each type of support (Triple,
Lateral, Diagonal and Single) was calculated as the difference between the time at the
beginning of the support and the time at the end, divided for the number of steps observed.

Figure 2 Gantt diagram used to represent the suspension and support phases for all four
limbs (Gait Spectrum). A is the right thoracic limb, B is the left thoracic limb, D is the
right pelvic limb and D is the left pelvic limb. The blocks represent the support phase and
the gray area is the time of any type of support. 1: Single support – just one limb on the
ground; 2: Diagonal support – two limbs on the ground (left thoracic and right pelvic
limbs, respectively); 3: Lateral support – two limbs on the ground (left thoracic and pelvic
limbs, respectively); 4: Suspension time – none limbs on the ground and 5: Triple support
– three limbs on the ground (right thoracic, left pelvic and right pelvic limbs, respectively).

Statistical Validation

Data are presented as descriptive statistic of the data and the results are presented as means
and standard deviation (mean ± SD). To validate this technique was used cross validation,
based on the classification of animals by the type of the gait. This classification was made
by cluster analysis using the k-means method at the SPSS software.

All animals were classified in three clusters based on the variables described above,
then the confusion matrix comparing the real type of gait and the number of the cluster for
each animal was made. The diagonal of this matrix represents the correct classified
animals and the out-diagonal upper is the inclusion-error, as well the out-diagonal lower is
the omitted-error.
The accuracy, sensitivity and specificity were calculated as proposed by Begg and
Kamruzzaman (2005) for each type of gait; as the following formula:



(6)

(7)

(8)

Where is the true positive, for example an animal with the marcha batida gait, classified as
marcha batida; is the true negative, that is, animals with others types of gait correctly
classified; is the false positive, for example an animal with marcha trotada or picada,
classified as marcha batida and is the false negative, that is, animals falsely classified with
others types of gait.

Results and Discussion

Descriptive Statistics

The mean of speed for all animals was 3.61 ± 0.45 m/s, ranged from 3.45 ± 0.47 to 3.76 ±
0.39 (marcha trotada and marcha batida gait, respectively). For the marcha batida gait was
found a mean of dissociation of 0.36 ± 0.11 ms and a frequency of steps of 119.42 ± 17.42
steps/min. In the marcha batida was found the dissociation of 0.29 ± 0.09 ms with a
frequency of 135.64 ± 10.10 steps/min. Table 1 presents the descriptive statistic for all
variables grouped by type of gait.

Table 1. Descriptive statistics (mean ± SD) of all variable grouped by type of gait.

Variable
Type of Gait

Marcha Trotada Marcha Batida Marcha Picada

Dissociation (ms) 0.36 ± 0.11 0.29 ± 0.09 0.35 ± 0.10
Elevation (m) 0.25 ± 0.04 0.22 ± 0.05 0.23 ± 0.03
Range of Motion (m) 2.01 ± 0.23 1.98 ± 0.24 1.80 ± 0.15
Frequency (steps/min) 119.42 ± 17.42 135.64 ± 10.10 133.48 ± 9.17
Speed (km/h) 12.43 ± 1.68 13.55 ± 1.41 12.49 ± 1.68
Time of Pace (ms) 588.35 ± 74.35 541.55 ± 69.40 548.04 ± 67.22
Single support (%) 27.26 ± 6.91 27.19 ± 5.97 30.52 ± 8.93
Lateral support (%) 2.06 ± 3.14 2.33 ± 3.85 33.86 ± 12.97
Diagonal support (%) 65.59 ± 9.30 65.15 ± 6.40 30.24 ± 8.67
Triple support (%) 0.72 ± 1.15 0.72 ± 1.40 3.99 ± 4.57
Suspension (%) 3.89 ± 3.16 4.45 ± 3.63 0.75 ± 1.25

The values found in this study, for the gait variable, were similar those reported in other
studies using different software and with artificial neural network to analyze the gait
(Procópio, 2004 and Andrade, 2009, respectively). The proportions of supports type found
by the authors was moderately different than found in this study, probably by the use of
higher speed of recording (in this study was used 120 fps and the authors used speed in
excess of 200 fps).

For the clarification about the gait and its relations with the traits that can influence
it, we proposed the following discussion. There is a relationship between the quality of



movements of the limbs and the morphology, impacting on gait (Sánchez et al., 2013). The
proportion of support, suspension and frequency are influenced by the morphology, as well
the range of motion, that is major influenced by the leg length (Back, 2001).

Other relationship between the rider and the quality of the gait exists. The
capability of extension of the limbs is dependent of the leg length and also of equitation
type, based on the position of the hands, legs and column of the rider. For the breeders in
Brazil and for the competition purpose, its desirable that the gait have a good proportion of
all support types. If any horse has more lateral support or diagonal support (depending on
gait pattern) they must be intercalated with triple support, which ensures the comfort. If
any movement is make in excess it is considered as parasitic movements and is
disqualifying at the competitions.

Statistical Validation

Were correctly classified 82.67% of the animals and the Kappa coefficient was 0.72. There
were four animals with marcha trotada gait classified as marcha batida and nine animals
with marcha batida gait classified as marcha trotada. None of animals with marcha picada
gait were wrongly classified.

The mean of sensitivity was 95.6% and the same values was found by the
specificity. The Accuracy was ranged from 92.19% to 100%, for marcha trotada and
marcha picada, respectively. The values of accuracy, sensitivity and specificity were
presented in Table 2.

Table 2 Percentages of accuracy, sensitivity and specificity for each type of gait

Gait Accuracy Sensitivity Specificity

Marcha Trotada 92.19 100.00 86.84

Marcha Batida 96.09 86.84 100.00
Marcha Picada 100.00 100.00 100.00

The time lapse between two supports of the same limb was considerate one
complete step. For most horses this time was approximately 600 ms and therefore the
speed of acquisition of the images to analyze the gait needs to be high. In this work, the
speed of recording was set to 120 fps because the software used in the analyses is not
appropriate to use higher speeds.

In terms of influence of the speed of recording on variables measured, this
influence may be accounted in the precision, but the formulas proposed for the variable
account was adjusted for this purpose, was reflected in the accuracy of classification by all
types of gait.

The cross-validation was implemented based on fact that the gait is a qualitative
trait. In these terms, the technique proposed in this work will be appropriate only if the
variables found by the method can classify the gait. It was observed some very good
values for accuracy of classification, but also the confusion between the marcha trotada
and the marcha batida gaits. The marcha picada gait is the most lateral type of gait
accepted by the breeders association in Brazil and also was the most good classified.

The sensitivity and specificity of classification were good, but we also found a
confusion between marcha trotada and marcha batida gait. It appears that the gaits with a



greater proportion of diagonal supports are very similar. The technique presented returned
accurate variable and these variables make it possible to classify the gait. The kappa
coefficient was interpreted as substantial, according to McHugh (2012), which means that
these technique produces correct variable in 74% of times. More accurate values and more
adjustment can be found bay the inclusion of trot animals in the data, making a good
calibration in these formulas.

The advantages of this method were shown above, but there is a particular
disadvantage: the hoofs are manually marked. However, there were no observed errors due
the human interpretation in the values of the variables, but the process can be slow with
the use of superior record speeds and with many repetitions of the same animal. This
problem could be fixed by the use of reflexive markers in the hooves and by
implementation of some programing for automation of the process.

Conclusion

This technique proved to be effective to analyze and comparing the gait patterns of horses,
returning accurate new variables for genetic improvement and clinical diagnostics. The
calculations were very easy to perform and the accuracy of this results should be
considerate in future gait analyses. There is also need more investigation on new
phenotypes and video analyses.
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