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Abstract
Objective: To investigate the effect of a program of horseback riding therapy on the angular kinematics of the ankle and knee in 
children with Down’s syndrome. Method: The study group was composed of three male children with a mean age of 7.3 years 
(±2.08). The analyses were done individually and the post-test was performed after thirteen treatment sessions. The duration of 
each horseback riding therapy session was fifty minutes, and the interval between sessions was seven days. The gait analysis was 
carried out using the Peak MotusTM system. Results: Statistical differences in ankle joint were observed for all subjects. For knee 
joint, differences were found at different moments of the cycle, without presenting any observable trend. Conclusion: Horseback 
riding therapy produced positive changes in the angular behavior of the ankle and little effect on the knee.
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Resumo

Comportamento angular do andar de crianças com síndrome de Down  
após intervenção com Equoterapia

Objetivo: Verificar o efeito de um programa de equoterapia no comportamento angular do tornozelo e joelho de crianças com 
síndrome de Down (SD). Método: Fizeram parte do estudo três crianças do sexo masculino com média de idade de 7,3 anos 
(±2,08). As análises foram realizadas intra-sujeitos, sendo o pós-teste realizado após treze sessões de tratamento. As intervenções 
com equoterapia tiveram duração de cinqüenta minutos, com intervalos de sete dias. A análise do andar foi realizado pelo Sistema 
Peak MotusTM. Resultados: Observaram-se alterações significativas para a articulação do tornozelo para todos os sujeitos. Para a 
articulação do joelho, diferenças foram verificadas em momentos distintos do ciclo, não apresentando uma tendência observável. 
Conclusão: A equoterapia promoveu alterações positivas no comportamento angular da articulação do tornozelo, com pouco efeito 
sobre o joelho.

Palavras-chave: andar; síndrome de Down; equoterapia.
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INTRODUCTION

The use of equestrian activities as a therapeutic re-
source has increased considerably in the last decades. 
Hippotherapy or Equine therapy, as it is called in Brazil, 
uses the horse as an agent that promotes physical, psy-
chological and educational gains1. Although it is not a 
new practice, scientific interest is recent and still lacks 
research. In addition to that, studies dedicated to this area 
of knowledge do not always confirm the reported qualita-
tive analyses2, which indicates a discrepancy between the 
statistical data obtained and the positive results observed 
by therapists, relatives and health professionals. Studies 
have shown improvement in gross motor functions after 
intervention with hippotherapy, especially in gait, running 
and jumping performance of cerebral palsy sufferers3,4, 
in the symmetry of muscular activity of the torso5 and 
in four-point kneeling and stance balance6, as well as 
psychological and social benefits. 

In the last few years, people with different patholo-
gies have used hippotherapy, amongst whom Down syn-
drome (DS) individuals was one of the groups which 
most sought this treatment at the Universidade Federal 
de Santa Maria. This syndrome usually generates in the 
child a hypotonic state and a gait characterized by a 
wide support base with feet pointed outward and stiff 
knees rotated externally, therefore increasing support 
stability by compensating current knee stability (semi-
flexion or hyperextension)7. The slower cadence and the 
anterior pelvic tilt, which characterize of this syndrome, 
produce an atypical tiptoe gait8, while deficits in the 
postural control system may be partially responsible for 
balance problems in these children9. However, the DS 
child can slowly reach mature levels of movement when 
stimulated10. In that case, considering the therapeutic 
potential produced by the wealth of stimuli generated by 
the horse’s movement3,4 and the common traits of the DS 
child’s gait, the purpose of this study was to verify the 
effect of equine therapy on the angular movement of the 
knee and ankle of DS children with known alterations 
in the ankle angle curve during gait.

MATERIALS AND METHODS 

The present study investigated three DS male chil-
dren, with mean age of 7.3 years (±2.08). Initially, eight 
children enrolled in the hippotherapy project at the Uni-
versidade Federal de Santa Maria in the year 2005. Those 
who displayed instability in the atlanto-axial11 region 
were excluded (1), as well as those with no alteration 
in ankle angle values during gait (1), those participat-
ing in another type of therapy (2) and those who did not 
complete the anticipated number of sessions (1). 

The individuals’ parents signed the written informed 
consent. The intervention protocols were approved by the 
Ethics in Research Committee of the Health Sciences Center 
of Universidade Federal de Santa Maria and follow the 
regulations of Resolution 196/96 of the National Health 
Council on research involving human beings, according 
to CEPE/CCS/UFSM Approval 034/2005.

The collection of ankle and knee angular movement 
during pre- and post-treatment gait was conducted in the 
laboratory using the Peak Motus™ movement analysis 
system. Ten attempts were made for each side of the body, 
with gait velocity selected by the individual, and the five 
best performances of each hemibody were considered 
for analysis. Two-dimensional footage was taken using a 
camera with 60Hz image acquisition. The children were 
barefoot and wore bathing suits to allow the attachment 
of reflexive markers positioned on the anatomical points 
of the tuberosity of the greater trochanter, the lateral 
condyle of the tibia, the lateral malleolus, the second 
metatarsal head and the top of the heel bone. The angles 
of the pelvis and the hip could not be evaluated because 
the anatomical points that define them were covered by 
the arm’s natural movement, which is very limited in 
these individuals, making digitalization impossible dur-
ing some percentiles of the cycle. The ankle angle was 
defined as the angle between the perpendicular to the 
line of the leg and the foot (positive for dorsiflexion), 
and the knee angle as the angle between the extension 
of the line of the thigh and the leg (positive for flex-
ion). These angles during gait were analyzed between 
subjects. As parameters of normality, we used the angle 
curves12 which are generally considered normal from 
the age of five.

Literature does not specify a period for interven-
tion with hippotherapy, but alterations are reported as 
early as twelve13,14 sessions. Therefore, we adopted an 
intervention period of thirteen sessions, each session 
lasting fifty minutes including the time of approach, 
mounting and closing, with a seven-day interval between 
sessions. Mounting time with the horse moving was al-
ways greater than 35 minutes. Activities were designed 
to stimulate different tone adjustments, considering that 
hypotonia is a characteristic of DS. Activities followed 
a basic Education/Reeducation1 program and were held 
in an area containing great diversity of environmen-
tal stimuli and appropriate for holding these activities. 
They provided variations in horse movement (walk and 
trot), pavement (sand, asphalt and grass), direction and 
movement combinations. The horse-riding equipments 
were the saddle cloth and girth with strap suited for this 
practice, protection helmet and extremely docile and 
trained animals. The continuous use of the feet on the 
stirrups was mandatory and controlled. 
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Figure 1.Ankle angular movement before and after Hippotherapy 
(subject I) (*p<0.05).

Figure 2. Knee angular movement before and after Hippotherapy 
(subject I) (*p<0.05).

Figure 3. Ankle angular movement before and after Hippotherapy 
(subject II) (*p<0.05).

Figure 4. Knee angular movement before and after Hippotherapy 
(subject II) (*p<0.05). 

Data analysis was performed using the Statistical 
Software Package SPSS 11.5 for Windows. The Student 
t-test for independent samples was used to analyze the 
difference between hemibodies. As no differences were 
observed, the average of both hemibodies was used for 
further analysis. The Student t-test was used for dependent 
samples in order to verify differences between pre-test 
and post-tests. We compared values at every 10% of the 
gait cycle and adopted a level of significance of 0.05. The 
variables showed normal distribution and were evaluated 
using the Shapiro-Wilk test.

RESULTS AND DISCUSSION

The analysis of angle values, during the gait cycles, 
allowed the demonstration of the angular movement 
of each individual before and after hippotherapy. Dur-
ing single support, the ankle angle curve for subject 
I (Figure 1) indicates lack of control over dorsiflexor 
muscle action when the body passes over the support 
foot. During the entire cycle, the post-equine therapy 
curve was very similar to the reference curve, indicating 
a positive change in movement. The knee angle graph 
for subject I (Figure 2) shows values closer to those 
described in literature as normal values, with signifi-
cant differences in the beginning of the cycle, when the 
heel leaves the ground and at the moment of maximum 
flexion, respectively.

The values presented by subject II show that the 
ankle movement (Figure 3) is very similar to the one 

presented by subject I, earning the same considerations. 
In the knee angular movement (Figure 4), at the end of the 
first flexion wave, when the femoral biceps is activated 
to make a rapid extension, the angle values increased, 
meaning that the subject executes the gait with slightly 
bent knees. The same occurs at the end of the final bal-
ance phase, when the heel touches the ground. 

For subject III, both before and after equine therapy, 
the ankle curve (Figure 5) indicates that the first contact 
of the foot with the ground does not occur with the 
heel, characterizing therefore an insufficient dorsiflexion 
at the moment of contact. During single support, the 
post-equine therapy curve appears to be similar to the 
reference curve, showing a satisfactory action of the 
dorsiflexor muscles to free the foot. The significant dif-
ferences were observed, for both sides, moments before 
the feet leave the ground. The values corresponding 
to the pre-test knee angular movement for subject III 
(Figure 6) are lower than the ones observed after the 
treatment, showing an increase in the flexion of the 
knee during the cycle.

Upon analysis of the ankle and knee angular move-
ment after intervention, a significant difference was ob-
served in the ankle, predominantly in the balance phase 
and the progression of the initial touch of the foot for all 
subjects, which was also observed in a similar study13, 
showing the increase in plantar dorsiflexion in this phase. 
During single support, the pre-test curves of subjects I 
and II indicated a lack of control over dorsiflexor muscle 
action when the body passes over the support foot. It 
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Figure 5. Ankle angular movement before and after Hippotherapy 
(subject III) (*p<0.05).

Figure 6. Knee angular movement before and after Hippotherapy 
(subject III) (*p<0.05).

is important to take into account that single support is 
the most unstable period of the cycle, since the body 
is imbalanced while the center of gravity is accelerated 
forward and the center of pressure is under the foot12,15. 
While the sole of the foot is in contact with the ground, 
the dorsiflexion of the ankle is resisted by the plantar 
flexors that perform the transfer of the tibia and fibula 
over the talus bone, acting excentrically16. The greater 
the joint instability, the earlier DS individuals activate 
the antagonist muscles17.

For the knee joint, statistically significant differ-
ences were verified at different points of the cycle 
and did not represent an observable trend. The angle 
values of the knee joint shown by subjects II and III 
in the pre-test were lower than those shown after the 
treatment. The quadriceps acts from the flexion to the 
extension of the leg, providing stability to the knee in 
the beginning of the support phase18. The mounting 
position allows a variety of stimuli that develop bal-
ance reactions, improvement in posture, trunk control 
and normalization of muscle tone3,19. Therefore, this 
variation in movement may be caused by the strengthen-
ing of the dorsiflexor muscles as a result of the foot’s 
position on the stirrup during the sessions, which helps 
its dorsiflexion and eversion.

The benefits of activities with horses are attributed 
to the movement produced by the animals’ step which 
deliver a combination of sensorial stimuli to the basic 
human systems triggering amplified motor and sensory 
integration3,4,20. These activities promote greater mo-
tor control, allowing increase in muscle tone, and the 
repetition of the movement promotes the reeducation 
of postural reflexes, balance reactions and space-time 
perception of several body segments19 which, in addition 
to muscle strengthening, would explain the observed 
alterations. However, it should be noted that the effect 
of equine therapy involves a set of combinations and 
adjustments which contribute to the practitioner’s con-
dition in general.

This study has some limitations, such as the number 
of investigated subjects and the control of daily activi-
ties, among other things. However, the findings allow 
the conclusion that, for this group, the motor stimulation 
activities of the hippotherapy sessions provided consider-
able modifications in the knee and ankle angle variables. 
Such modifications were observed in the quality of gait, 
with more efficiency in ankle movement and with little 
effect on the knee. This suggests that the activities per-
formed in equine therapy can generate a combination of 
favorable stimuli for better movement control, promot-
ing a greater approximation of the DS child’s gait to the 
standard of normality described in literature. 
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