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INTRODUCTION

Lameness is defined as an asymmetry of 
movement during locomotion and can be classified 
as primary, secondary, or compensatory. It can also 
be classified based on the phase of the stride, such as 
impact, push-off, or support lameness (BAXTER & 
STASHAK, 2020). The fore limb is more susceptible 
to injuries than the hind limb, as it bears 60% of the 
load, contrasting with 40% load on the hind limb. 
This load distribution can reach up to 70%/30% fore 
limb/hind limb when the horse is ridden by a rider 
(ROSS, 2011).

Movement examination can be carried out 
through subjective assessment using scales lameness 

or objective assessment methods (BAXTER & 
STASHAK, 2020). Wireless inertial sensors represent 
one of the widely accepted forms of objective 
assessment, employed both to assist in clinical 
evaluations and in different studies with flexion tests, 
anesthetic blocks, and treatments (KEEGAN et al., 
2011; MARSHALL et al., 2012; SILVA et al., 2015; 
JÚNIOR et al., 2022; MARUNOVA et al., 2022; 
PFAU et al., 2023).

The Freio de Ouro is a morphological and 
functional evaluation test for Criollo horses promoted 
and organized entirely by the Brazilian Association 
of Criollo Horse Breeders – ABCCC, the animals are 
subjected to a morphological test and eight functional 
tests (ABCCC, 2023). 
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ABSTRACT: Lameness is one of the main causes of clinical manifestations of injuries in horses, and is characterized by an asymmetry of 
movement. This study assessed the influence of the saddle and two different riders on the symmetry of movements in Criollo horses. We used 
twenty Criollo horses in training for the Freio de Ouro competitions. An objective evaluation was carried out when moving at a trot in a straight 
line, in order to compare the saddle and rider effects in the asymmetry of horses trotting in a straight line. We evaluated  inertial measurement 
units, obtaining data from the asymmetric side, as well as the amplitude of the asymmetry, using inertial sensor software. There was no 
significant difference in the objective measurements between the groups assessed in the VECTOR SUM, DIFF MIN of the head, DIFF MAX 
and DIFF MIN of the pelvis, but one of the riders showed a statistical difference in the DIFF MAX of the head compared to the situations. In 
this study, it was observed that one of the riders influenced the horse’s head movement, suggesting the possibility that riders can indeed impact 
the movements and asymmetries of horses during riding.
Key words: objective assessment, lameness, Criollo, gait, mounted, saddle.

RESUMO: A claudicação é uma das principais causas de manifestação clínica de lesões em equinos, e é caracterizada por ser uma assimetria 
do movimento. O objetivo deste trabalho é avaliar a influência da sela e de dois diferentes cavaleiros na simetria dos movimentos de equinos 
da raça Crioula. Foram utilizados 20 equinos da raça Crioula em treinamento para competições de Freio de Ouro. Foi realizada uma avaliação 
objetiva ao se deslocar em trote em linha reta, a fim de comparar o efeito da sela e do cavaleiro na simetria do movimento, modificando os 
parâmetros avaliados pela avaliação objetiva, obtendo dados do lado assimétrico, bem como a amplitude da assimetria, utilizando software de 
sensor inercial. Não houve diferença significativa nas medidas objetivas entre os grupos avaliados no VECTOR SUM, DIFF MIN da cabeça, 
DIFF MAX e DIFF MIN da pelve, porém um dos cavaleiros apresentou diferença estatística no DIFF MAX da cabeça comparado às demais 
situações. Nesse estudo, observou-se que um dos cavaleiros teve influência no movimento da cabeça do cavalo, sugerindo a possibilidade que 
os cavaleiros podem, de fato, impactar os movimentos e as assimetrias dos cavalos durante a montaria.
Palavras-chave: avaliação objetiva, claudicação, crioulo, marcha, montado, sela.
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The saddle and rider significantly impact 
the horse’s performance. While the range of spinal 
movement remains consistent regardless of the 
presence of the saddle and rider, the movement 
of the strides becomes long with the additional 
mass (CLAYTON & HOBBS, 2017). One study 
demonstrated decreased three-dimensional range 
of motion in saddled horses compared to in-hand 
trotting (HEIM et al., 2016). Experienced riders 
help to stabilizing the horse’s movements, thereby 
enhancing the animal’s performance (EGENVALL 
et al., 2013). Studies regarding these aspects have 
been developed in some breeds and sports (LICKA 
et al., 2004; PFAU et al., 2022), but limited reports 
are available regarding western performance horses. 

Therefore, this study assessed whether 
differences exist in the symmetry of movements 
among Criollo horses participating in the Freio de 
Ouro sport modality when examined on a straight line 
under different conditions: without a saddle, with a 
saddle, and ridden by two different riders.

MATERIALS   AND   METHODS

Twenty Criollo horses, approximately 
6.6 years old (± 2.19), with an average body mass 
of 456.40 kg (± 29.31), were included in the study, 
comprising seven males and thirteen females. These 
animals were undergoing training for the Freio de 
Ouro modality, a specific competition for the breed. 
Initial evaluation involved a comprehensive physical 
examination to assess the locomotor system, followed 
by objective movement assessment. The riders 
involved in the study possessed equivalent equestrian 
skills but exhibited varying riding techniques. The 
riding equipment included a saddle, blankets, and 
belly bands.

Step 1: Firstly, the weighing of the tack 
ensemble (11.11 kg) and the riders, both using a 
digital scale, was performed before the start of the 
assessment. Subsequently, data on the animals such 
as age and mass (mass tape) were collected.

Step 2: General and specific physical 
examination of the locomotor system, anamnesis, 
inspection and palpation examination were carried out.

Step 3: The order next steps (treatments) 
was randomly assigned for the animals. This allowed 
that only five animals started the study in one of those 
steps below.   

Step 4: Placement of the objective 
assessment equipment on the animals. Assessment 
in dismounted motion (led in-hand without saddle) 
(Figure 1A): The animals were led in-hand at trot, 

in a straight line, for a distance of 30 meters, back 
and forth. This step was conducted with the animals 
equipped with the wireless inertial sensor system for 
objective movement assessment. The surface used in 
this case was a packed dirt.

Step 5: Assessment in saddled motion 
(saddled, mass 11.11 kg) (Figure 1B): It was 
conducted as described in step 4, where the animal 
was only equipped with the riding ensemble.

Step 6: Assessment in mounted motion 
(Rider A, mass 70.58 kg) (Figure 1C): It was conducted 
sitting trot with the reins promoting light contact on the 
bit, as described in step 4, except that the animal was 
not led in-hand but mounted by Rider A.

Step 7: Assessment in mounted motion 
(Rider B, mass 87.45 kg) (Figure 1D): It was conducted 
sitting trot with the reins promoting light contact on the 
bitas described in step 4, except that the animal was not 
led in-hand but mounted by Rider B.

The order of execution of steps 4, 5, 6, 
and 7 was randomly distributed through a prior draw 
before the examination of each animal.

Objective assessment:
The animals were equipped with wireless 

inertial sensors (Lameness Locator® - 20/20, v2, 
Equinosis, LLC), comprising two accelerometers: 
one positioned on the head (midline, slightly behind 
the ears) and the other on the pelvis (at the highest 
level, along the midline between the sacral tubercles), 
along with a gyroscope placed on the right fore 
limb (along the dorsal midline of the phalanges). 
Subsequently, they underwent evaluation according 
to the procedures outlined in steps 4, 5, 6, and 7.

Thus, the system software conducted 
the assessment and quantified asymmetry through 
graphical and numerical representations for both 
fore and hind limbs. Quantitative lameness data 
were calculated by the program itself, including 
head DIFF MAX (the difference in maximum 
head height between the right and left fore limbs), 
head DIFF MIN (the difference in minimum head 
height between the right and left fore limbs), 
and VECTOR SUM (the vector sum of head 
DIFF MAX and DIFF MIN) for the fore limbs. 
For the hind limbs, DIFF MAX of the pelvis (the 
difference in maximum hind height between the 
right and left hind limbs) and DIFF MIN (the 
difference in minimum hind height between the 
right and left hind limbs) values were determined, 
alongside standard deviations for each DIFF MAX 
and DIFF MIN (KEEGAN et al., 2004; KEEGAN 
et al., 2011; MCCRACKEN et al., 2012).
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These variables enable the determination 
of lameness intensity (ranging from mild to severe) 
and the phase of the stride in which it occurs (impact, 
support, or push-off), as well as identification of the 
affected limb, facilitating automated interpretation of 
the data. 

The data tabulated for subsequent 
statistical analysis included the absolute values of 
VECTOR SUM, DIFF MAX, and DIFF MIN for 
the head, as well as DIFF MAX and DIFF MIN 
for the pelvis. Additionally, information regarding 
lameness intensity, affected limb, and type of 
lameness was documented.

Statistical analysis
Analyses were conducted to compare the 

parameters evaluated under different treatments: 
without saddle, with saddle, ridden by Rider A, and 
ridden by Rider B. All datas were analyzed using 

a Latin square design employing the SAS Mixed 
Procedure (version 9.3; SAS Institute, Inc., Cary, 
NC), with animal as a random effect, and treatment 
and period as fixed effects. The period was the order 
of execution of steps 4, 5, 6, and 7.

RESULTS   AND   DISCUSSION

The 25 to 30 strides were used in the moving 
examination of each horse and conditions. For Vector 
Sum values, asymmetry was considered above 8.5 mm, 
for DIFF MAX and DIFF MIN of the head above 6 mm, 
and for DIFF MAX and DIFF MIN of the pelvis above 
3 mm. In the DIFF MAX values of the head, rider B 
demonstrated a greater statistical difference compared 
to the led in-hand and rider A interventions (P = 0.02) 
(Table 1 and Table 2) (Figure 2B). PERSSON-SJODIN 
et al. (2018) concluded in their study evaluating 
changes between straight line and circular exercises 

Figure 1 - (A) Dismounted led in-hand movement examination. (B) Saddled pulled movement 
examination. (C) Examination in movement ridden by rider A. (D) Examination in 
movement ridden by rider B.
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during hand/lunge and mounted exercises, that there 
was no discernible influence on symmetry in the 
vertical movement of the head and pelvis with the 
symmetrical seating style, both in animals with pre-
existing asymmetries and those without pre-existing 
asymmetry, additionally, there was an increase in 
DIFF MAX of the head during limb push-off when 
the rider was sitting. Furthermore, LICKA et al. 
(2004) mentioned that the asymmetries of the head 
and sacrum can be influenced by changes in the 
distribution of mass and forces on the limb, given 
that the weight of the riders has not changed. Another 
study, involving objective and subjective assessment 
of gait changes in horses with riders of different 
body mass but equal abilities, demonstrated that 
heavier riders can induce musculoskeletal pain or 

temporary lameness (DYSON et al., 2020a). Similarly, 
in our study, it was observed that horses ridden by 
rider B (50%) (87.45 kg) exhibited a slightly higher 
prevalence of lameness in the hind limbs compared to 
those ridden by rider A (45%) (70.58 kg). Furthermore, 
in the present study, the riders possessed similar skills 
but utilized different riding techniques, by the use of 
the reins and these characteristics warrant further 
investigation regarding their influence on the symmetry 
of the animals, particularly those involved in western-
type modalities. In contrast, DYSON et al. (2020b), 
using warmblood dressage horses who evaluated the 
gait of horses ridden by riders with differing skill 
levels, observed variability in their data, with 27% 
of the animals displaying low-grade lameness with 
the skilled rider, and 13% exhibiting more apparent 

Table 1 - Average value for each condition considering each parameter evaluated. 
 

Condition Vector Sum DIFF MAX of the head DIFF MIN of the head DIFF MAX of the pelvis DIFF MIN of the pelvis 

In-hand 8.90 4.43* 6.45 2.45 3.41 
Saddled 10.11 6.17 6.27 2.94 3.42 
Rider A 8.74 4.56* 6.19 3.12 2.76 
Rider B 10.47 7.13* 6.58 3.27 2.68 
Mean 9.55 5.57 6.37 2.94 3.07 
P value 0.18 0.02 0.98 0.63 0.61 

 
VECTOR SUM: the vector sum of head DIFF MAX and DIFF MIN for the fore limbs. DIFF MAX of head: the difference in maximum 
head height between the right and left fore limbs. DIFF MIN of head: the difference in minimum head height between the right and left 
fore limbs. DIFF MAX of the pelvis: the difference in maximum hind height between the right and left hind limbs. DIFF MIN of the 
pelvis: the difference in minimum hind height between the right and left hind limbs. 
 

Table 2 - P-value in comparisons of each condition. 
 

Conditions Vector Sum DIFF MAX of the head DIFF MIN of the head DIFF MAX of the pelvis DIFF MIN of the pelvis 

In-hand x 
Saddled 0.25 0.1 0.87 0.33 0.98 

In-hand x 
Rider A 0.9 0.91 0.85 0.28 0.33 

In-hand x 
Rider B 0.27 0.04 0.93 0.22 0.32 

Saddled x 
Rider A 0.19 0.13 0.94 0.73 0.22 

Saddled x 
Rider B 0.78 0.44 0.83 0.59 0.27 

Rider A x 
Rider B 0.1 0.01 0.74 0.76 0.88 

 
P value: significance Tukey-Kramer (5%). 
VECTOR SUM: the vector sum of head DIFF MAX and DIFF MIN for the fore limbs. DIFF MAX of head: the difference in maximum 
head height between the right and left fore limbs. DIFF MIN of head: the difference in minimum head height between the right and left 
fore limbs. DIFF MAX of the pelvis: the difference in maximum hind height between the right and left hind limbs. DIFF MIN of the 
pelvis: the difference in minimum hind height between the right and left hind limbs. 
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lameness when ridden by the most skilled rider. In 
one study, the presence of a rider was associated with 
a reduction in the amplitude of the horse’s vertebral 
movement, both dorsoventrally and mediolaterally, 
compared to without a rider (HEIM et al., 2016).

There was no statistical difference in the 
VECTOR SUM values (P = 0.18) among the animals 
evaluated together (Figure 2A). Similarly, LICKA 
et al. (2004) did not observe a statistical difference 
in the lameness of the fore limbs between unridden 
and ridden horses. The kinematics of the horse’s 
limb change when a saddle and the rider’s mass 
are applied, increasing the retraction of the fore 
limb (DE COCQ et al., 2004). However, MARTIN 
et al. (2017) observed an increase in the range of 
motion, protraction, and retraction of the metacarpus/
metatarsus in ridden horses; however, these kinetics 
parameters were not evaluated in our study.

There was no statistical difference in the 
DIFF MIN values of the head (P = 0.98) (Figure 2C) 

between different examination moments. This result 
is similar to that found by PFAU et al. (2022), who 
studied Quarter Horses, both straight line and circular 
exercise, where none of the head parameters were 
affected by mounted exercise.

Regarding the evaluation of DIFF MAX 
and DIFF MIN parameters of the pelvis, there was no 
statistical difference (P = 0.63 and P = 0.61) between 
the evaluated moments (Figure 3A and 3B). In our 
study, the mean DIFF MAX of the led in-hand horses 
(without a saddle) was lower compared to the other 
evaluated moments; however, this difference was not 
statistically significant. A study evaluating the gait 
variability of horses on a treadmill, with riders or only 
a saddle, using a kinematic motion analysis system 
and sensors under the saddle, demonstrated that the 
rider can have a stabilizing effect on the gait when 
horses are adapting to the treadmill, and a poorly 
fitted saddle leads to communication failure between 
horse and rider, influencing the horse’s movement 

Figure 2 - Means and standard deviations among the evaluated moments: pulled led in-hand, saddled, ridden by rider A 
and ridden by rider B. (A) Vector Sum. (B) DIFF MAX of the head. (C) DIFF MIN of the head. *significant 
difference.

Figure 3 - Means and standard deviations among the moments: pulled led in-hand, saddled, ridden by 
rider A and ridden by rider B. (A) DIFF MAX of the pelvis. (B) DIFF MIN of the pelvis.
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(PEHAM et al., 2004). In research conducted by 
PFAU et al. (2022), DIFF MIN of the pelvis values 
showed an increase in asymmetry when the animal 
was evaluated at the sitting trot, which differs from 
our study where the highest values were found only 
in the saddled group. MARQUÉS et al. (2013) also 
demonstrated that there was no association between 
the rider and the increase in lameness score during 
subjective lameness evaluation, which is more in line 
with the findings of our study.

The moment of bareback evaluation 
revealed a higher percentage of asymmetry in the fore 
limb (40%), similar to the findings of JOHNSON et 
al. (2021), who conducted a retrospective study with 
Quarter Horses, where the highest prevalence of 
lameness was observed in the fore limb. 

Conversely, the other conditions (saddled, 
Rider A, and Rider B) exhibited a greater presence of 
asymmetry in the hind limbs (60% saddled, 45% ridden 
by Rider A, and 50% ridden by Rider B) (Table 3). 
This can be explained in this study, as most exercises 
in the Freio de Ouro modality demand greater support 
on the hind limbs, especially during maneuvers such 
as sliding stop, which results in increased load on 
these limbs; and consequently, a higher likelihood of 
injuries. It is important to conduct further studies to 
better understand the influence of the saddle and the 
rider on lameness in both fore and hind limbs. Other 
studies have already demonstrated a higher prevalence 
of lameness in hind limbs in Criollo horses (ABREU 
et al., 2011) and in horses used in equine therapy 
(TASCHETTO et al., 2021), typically assessing the 
horse guided bareback as usual. According to LICKA 
et al. (2004), the degree of lameness may escalate when 
the animal is mounted, especially concerning hind 
limbs. In the present study, the presence of the saddle 
and the riders changed the percentage of lameness 
from the front limb to the hind limbs.

Regarding lameness intensity, it 
was possible to observe a greater number of 
animals with mild lameness, followed by mild to 
moderate and moderate lameness in all evaluated 
groups (Table 4). An important point is that this 
present study was carried out on animals that 
were in training and not specifically on animals 
where the veterinarian was called to perform the 
lameness examination; this may also explain the 
low intensity of lameness. One study showed that 
72.5% of horses in training had asymmetry by the 
objective assessment, but were judged to be free of 
lameness by their owners (RHODIN et al., 2017).

Lameness studies in the Criollo breed 
of the Freio de Ouro modality using inertial 
sensors, and primarily assessing the symmetry of 
horses when ridden or simply saddled, are scarce.
This study had some limitations, including the 
lack of warm-up (training) of the animals before 
evaluations, horses in different training phases, a 
small number of animals in the study, and injuries 
were not diagnosed. However, important data related 
to potential influences on horse movement were 
obtained. Therefore, it is important to emphasize the 
need for further studies evaluating asymmetries in 
these groups of horses, especially those participating 
in “western” events, for a better understanding of 
alterations and influences on animal locomotion.

CONCLUSION

In this study, we assessed the influence 
of different factors on the movement of Criollos 
for the Freio de Ouro which resembles of horses in 
the “western” sports discipline, mainly, where we 
observed an influence of one of the riders on the head 
movement, but the saddle and the other rider did not 
affect the movement of these animals during straight 

 

Table 3 - Number of animals and percentage regarding the presence of lameness in the forelimb, hindlimb or without lameness in the 
evaluations In-hand, saddled, ridden by rider A and ridden by rider B, referring to the 20 Criollo horses used in the work. 

 

Limb ----------In-hand---------- ----------Saddled---------- ----------Rider A---------- -----------Rider B--------- 

 N %* N %* N %* N %* 
Left fore limb 1 5 0 0 3 15 1 5 
Right fore limb 7 35 5 25 3 15 4 20 
Left hind limb 5 25 5 25 6 30 6 30 
Right fore limb 2 10 7 35 3 15 4 20 
Without lameness 5 25 3 15 5 25 5 25 
Total 20 100 20 100 20 100 20 100 

 
*The results are presented in percentage (%). N. Number. 
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line trot only. Despite the limitations, important data 
on asymmetry and its influences on movement were 
obtained, and the rider factor appears to be relevant. 
Further studies of this nature should be conducted in 
different horse breeds and sport specific disciplines, 
aiding veterinarians in the lameness examination of 
these animals; and consequently, in horses welfare.
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