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Abstract: 

Upright position of the human body is characterized by 

vertical positioning of the body axis with reference to a 

comparatively small support plane. This orientation and multi-

segment structure of the body, its considerable height and small 

support surface result in disrupting the stability of a statically 

standing body. The body balance then is controlled by the nervous 

system and is permanently adjusted to the changing environment. 

Evaluation of the influence of horse ride on healthy and mildly 

intellectually disabled children has been made by the analysis of the 

average COG displacement as a resultant vector of inclinations in 

frontal and sagittal planes of the movement, as well as the average 

radial displacement in both planes of the sways. To measure the 

similar parameters in healthy and mildly intellectually disabled 

children we used a stabilographic platform, and the data was 

collected before the equestrian training, later after 10 weeks of 

training 3 times a week per 30 minutes. 

In both groups we observed statistically significant decrease 

of the average value of radial vector of sways, as well as average 

vector of sways in sagittal plane, which changes had a decisive 

influence on the improvement of radial displacements despite the 

lack of changes of this parameter in the frontal plane. Useful changes 

have been proved by the distribution of the parameters measured in 

both research groups. The horse movements affect the development 

of balance reactions in 15-17 year old children, resulting in 

statistically significant positive changes. The scope of improvement 

of balance reactions measured in the size of average displacements in 

the planes of movement, as well as the resultant radial, are so 

significant that we can treat horse riding as an attractive, in many 

instances, way of improving the body balance which determines the 

quality of body movement in any age.     
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INTRODUCTION 

A healthy person staying in an upright position keeps the point of net force feet pressure 

on the surface around the center of the envelope of foot prints, which, usually, is far from the 

limits of stability, in order to avoid the movements beyond these limits. The level of human 

body stability is proportional to the size of the support surface and stability shall be 

proportional in each of its directions when the vertical projection of COG is the farthest from 

the boundary of the support surface (Błaszczyk 1993, Błaszczyk et al. 1993, Riach, Starkes 

1993). 

A human in a free standing position in order to keep balance applies only a small part of 

the anatomical support surface which is the surface of the feet including the space between 

them. However, the limit of stability is defined as the line encompassing the surface under the 

feet, which the subject uses to keep the posture (Riach, Starkes 1993, Lee, Deming 1987). The 

shape and size of this surface depend, among others, on the structure and efficiency of the 

body, as well as the age, height, proper posture, muscle strength and efficiency of the nervous 

system (Błaszczyk, Czerwosz 2005). 

The new model of balance control divides the support surface into a few areas affecting 

the stability control. The real limit of posture stability is divided from the mechanical 

(anatomical) one, i.e. envelope of feet, and is called a safety margin which depends on the 

efficiency of the balance system. In the central position of the limit of stability, recovery of 

body balance does not need to change the support surface and it is known as the so called area 

of sways. Keeping the COG in this area takes minimal energy consumption. In response to 

small stimuli violating the balance, it can be recovered through a coordinated activity of the 

muscle stabilizing the talo-tibial joint without lifting the feet up (Błaszczyk, Czerwosz 2005). 

Reduced ability of controlling the body balance appears in many neurological illnesses, 

in after stroke states, central nerve core injuries, and is an associated feature of mental 

retardation  (Zosgórnik 1989, Ślężyński 1991, Mraz, Piestrak 1995, Kwolek, Drużbicki1999, 

Mraz et al. 2001, Wilczyński 2005).  

The direct reason of mental retardation is injury of the central nervous system which 

controls the balance reactions, and the study of the development of motor ability in mentally 

impaired people prove that the deeper the impairment is, the lower coordination ability. 

Acquisition of many motor skills is hampered by incomplete preparation of the body to 

movement activities (Zosgórnik 1989, Ślężyński 1991). 

Many authors consider the possibility of reducing the scope and results of impairment 

pointing at usefulness of compensational and correctional exercises (Ślężyński1994, Pilecka 

2001, Janota 2004). Horse riding is an activity that creates a coordinated duet in which motor 

perception and reaction to stimuli are of prior importance. Horse riding helps to develop 

coordination and then the rider has to use it all the time, while the dynamic balance is most 

important. 

Static posturography can objectively evaluate the efficiency of the vestibular system 

when we observe the displacements of COG of the subject in the front and sagittal planes. 

Projection of COP is, therefore, registered as a point and as a dynamic parameter changing its 

position in time. 

AIMS AND SCOPE OF THE WORK 

The problem of regulation of balance reactions was analysed on 28 subjects with a mild 

mental disability and 28 healthy subjects participating in equestrian training. The purpose of 

the work is to analyse the mean values of COG displacements as a result of horse riding 

training treated as an alternative form of acquiring the balance reactions, which are an integral 

part of coordination responsible for movement activities.     
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MATERIAL AND METHODS 

The research group is 28 children aged 15-17 participating in hippotherapy training in 

the horse-riding center „Equistro”, Wierzawice, for about 10 weeks, three times a week per 30 

minutes, while the group of healthy children was doing the same program in the school horse-

riding club in Nawojowa (Tab. 1).   

Table 1. Description of groups participating in the training  
Horse-riding group Weight (kg) 

x  

Height (cm) 

x  

Number 

U – Children with mild mental disability 60.3 164.8 28 

Z - Healthy children 58.4 170.1 28 

 

The training program was designed according to the recommendations of the Polish 

Hippotherapy Society and Polish Equestrian Society. The training included the walk riding in 

the correct riding posture and doing the balance exercises during the stop position and the 

walk. The statistic analysis was made for the selected parameters of the Bio Soft program for 

the balance, which registered the natural COG sways. The statistic analysis was made with the 

Statistica 8 package. The descriptive statistics of the registered changes was used. We also 

analysed the distribution of the features, which indicated the lack of regular distribution and 

homogeneity of variance. In view of this, the Wilcoxon test was used to trace the significant 

changes inside the group for the dependent samples with double tests before the scheduled 

practice and 10 weeks after. Basing on the measurements we characterized: 

 Avg. Displacement along X (cm)- average displacement of the center of gravity 

position in the frontal plane X, 

 Avg. Displacement along Y (cm)- average displacement of the center of gravity 

position in the sagittal plane Y, 

 Avg. Radial Displacement (cm)- average radial displacement, 

as well as distribution of the given measure of ability in a histogram form. 

RESULTS AND DISCUSSION 

Analysis of the stabilographic parameters received from the groups before and after 

equestrian practice indicated the improvement in the value of the average COG displacement 

in the sagittal plane, as well as the mean radial displacement both in healthy children and 

those with mild mental disorder. The values of the mean displacement of COG in the front 

plane did not show significant statistic changes (Tab.2). 

The percent distribution of the average displacement of COG in the front plane in both 

groups does not indicate statistically significant improvement in values in specific sections. In 

case of the healthy children group, improvement was noticed in the range of sways 0.1-0.2  

cm,  from 35% to 46% cases, however the marginal values 0.5-0.6  cm (Fig.1) were 

preserved. Likewise, in the group of mildly mentally disabled children, the distribution of 

values of this parameter does not indicate statistically significant positive changes either. 

There was noted bigger percentage variance in the ranges 0.1 – 1.0 cm (Fig 2). 
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Table 2. Values of stabilographic parameters before and after equestrian practice in the healthy 

children group (Z) and the mildly mentally disabled group (U) (* significant statistic differences– 

Wilcoxon test p<0.05) 

Research 

group 

Stabilographic 

parameters  
Avg.X (cm) Avg.Y (cm) Avg. Radial 

Displacement 

 

 

 

Z 

x  Test.1 
0.26 0.96 1.03 

Test.2 
0.25 0.62 0.71 

Me Test.1. 
0.24 1.03 1.06 

Test.2. 
0.22 0.62 0.69 

S Test.1. 
0.12 0.34 0.32 

Test.2. 
0.13 0.27 0.26 

Min Test.1. 
0.10 0.24 0.34 

Test.2 
0.10 0.25 0.29 

Max Test.1 
0.55 1.57 1.61 

Test.2. 
0.56 1.16 1.24 

p      0,9797 0.0001***        0.0001*** 

 

 

 

 

 

 

U 

x  Test.1 
0.38 1.09 1.21 

Test.2. 
0.34 0.86 0.98 

Me Test.1 
0.36 0.98 1.13 

Test.2 
0.31 0.87 0.96 

S Test.1 
0.15 0.44 0.44 

Test.2 
0.16 0.35 0.33 

Min Test.1 
0.12 0.40 0.48 

Test.2 
0.15 0.17 0.36 

Max Test.1 
0.75 2.19 2.27 

Test.2 
0.92 1.53 1.56 

p         0,0795     0.0102*         0.0143* 
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Fig. 1. Distribution of values Avg. X before and after equestrian training in the healthy children group. 

 

 
Fig. 2. Distribution of values Avg. X before and after equestrian training in the mildly mentally 

disabled children group. 

 

Positive and statistically significant changes were seen in the average displacement of 

COG in the sagittal plane in both groups. In the healthy children group there was growth in 

the smaller values of the ranges: 0.2-0.4  cm from 8% to 31%, 0.4-0.6  cm from 8% to 15%, 

0.6-0.8 cm from 19% to 27%, simultaneously, the range of minimal and maximal values in 

the ranges improved from 0.2- 1.6  cm before training to 0.2- 1.0 cm after its end (Fig.3). In 

the group of mildly mentally disabled children there also was noted percent growth in smaller 

values of the ranges: 0.2-0.4  cm from 4% to 7%, 0.4-0.6  cm from 4% to 14%, at the same 

time the range of minimal and maximal values in the ranges improved from  0.2- 2.2  cm 

before practice to 0.0- 1.6  cm after their end (Fig.4). 
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Fig. 3. Distribution of values Avg. Y before and after equestrian training in the healthy children group. 

 

 
Fig. 4. Distribution of values Avg. Y before and after equestrian training in the mildly mentally 

disabled children group. 

 

Despite the lack of positive changes in statistically significant values of the average 

displacement in the frontal plane, the values of average radial displacement in both groups 

after the end of equestrian training prove their considerable statistic improvement. The 

parameter tested in the sagittal plane and its statistically significant strong changes have a 

strong influence on the radial displacement within both planes of sways. In the case of healthy 

children, changes in the distribution of values refer to the range 0.2-0.4  cm from  4% to 15% 

and 0.4-0.6 cm from 0% to 19%, simultaneously, there decreased the percentage of ranges 

with higher values 1.0-1.2 cm from 23 % to 8% and 1.2-1.4 cm from 19% to 4%. After the 

end of the training we did not notice any values of this parameter in the range 1.4-1.8 cm 

(Fig.5).  

A similar positive tendency of changes in the average radial displacement was noticed 

in the group of children with mild mental disability. Before the training the values were 

oscillating within 0.4 – 2.4 cm, and after the end of the training within 0.0 – 1.6 cm (Fig.6).  
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Fig. 5. Distribution of values Avg. Radial Displacement before and after equestrian training in the 

healthy children group. 

 

 

Fig. 6. Distribution of values Avg. Radial Displacement before and after equestrian training in the 

mildly mentally disabled children group. 

 

 SUMMARY AND CONCLUSIONS 

A human keeping balance in the upright position is permanently losing and then 

regaining it. Hence, it’s a constant process of making correction movements recovering the 

proper position of COG with reference to the support surface. The morphological basis for 

this regulation is the locomotor system, and the nervous system controls the process (Golema 

2002). The main task of the posture stability control system is keeping the optimal distance 

between the COG and limit of stability. Anatomical asymmetry of the body in frontal and 

sagittal planes, distribution of sensors, as well as different biomechanical properties of the 

body, result in placing the projection of COG on the support surface away from the center of 

this area (Błaszczyk, Czerwosz 2005). 



Scientific Review of Physical Culture  vol. 3 no. 4 

 

30 
 

The form of movement applied in the experiment to shape the balance reactions due to 

its specific impact of the natural horse movements onto the rider, proper way of conducting 

the training and selection of the exercises, enables a multi-area correction of human 

functioning. In both groups, the healthy children and children with a mild mental disability, 

participating in equestrian training, showed a statistically significant reduction of the average 

radial displacement, as well as the average displacement in the sagittal plane which decisively 

influenced the improvement of radial displacement despite the lack of changes of this 

parameter in the frontal plane. 

The positive changes were proved by the distribution of parameters in both groups. 

The percentage distribution of average displacement of COG in the frontal plane in both 

groups does not indicate a statistically relevant improvement. The sways of COG in this plane 

are controlled by the hip-joint, which, due to its structure, stabilizes the body posture. Positive 

and statistically significant changes were seen in the displacement of COG in the sagittal 

plane. In both groups the increase in smaller values in the ranges and lack of extremely 

maximal values of the parameters led to the improvement in the distribution of the average 

radial displacement, which is an average displacement of COG in the frontal and sagittal 

planes. 

All the movements made in the sagittal plane possess a higher ability to move in all 

the joints of the lower limb. Hence, to keep the balance we should engage other groups of 

muscles different in number and quality which will enable the stabilization of the ankle, knee 

and hip joints. The central nervous system regulates the position of COG through applying the 

relevant muscle tension and stabilization of joints. A torso balanced with its COG placed on 

the ninth thoracic vertebra in the sitting position and aligned with the axis of COG of the 

horse, transfers the waving movements onto the limbs. The feet pick up the waves with the 

metatarsus in the spurs and the foot absorbing the shocks in the ankle causes pressure on the 

spur. The loosely lowered heel indicates the properly positioned lower limbs, physiological 

health of the hip-joint, flexibility of the pelvis and free transition of its movements to the body 

(Strauß 1996, Heine1998, Von Dietze 2004, Mazur-Rylska, Ambroży 2010, 2011). It reveals 

in smaller average radial displacement of COG, which is the result of a noticeable influence 

of the improvement of average displacement in the sagittal plane after the end of equestrian 

training in both groups.  

The heuristic model of controlling the balance divides the support surface into a few 

areas having a different influence on the balance control. The real (subjective) limit of posture 

stability is divided from the mechanical limit of stability, i.e. the envelope of the feet, by the 

area called the margin of safety. The width of this margin changes with age and depends on 

the efficiency of the balance system and its controller, that is, the central nervous system 

(Błaszczyk, Czerwosz 2005). It can be considered that the margin of safety is lower in the 

people with mild mental disability, since their balance parameters differ against their healthy 

peers  (Mazur-Rylska, Ambroży 2010, 2011). The reduction in the value of average 

displacement resulting from participation in the equestrian training can play an important role 

in improving this component of the balance pattern. 

The horse movement develops the balance reactions in children aged 15-17 showing 

statistically relevant positive changes. Horse riding is a physical activity appearing as a result 

of harmonically coordinated duet in which motor perception and reactions on the stimuli are 

of prior importance for the joint movements. The scale of improvement in the balance 

reactions measured by the size of average displacements in the  planes of movement and the 

radial average is of such a significance that horse riding can be treated as an attractive for 

many reasons way of improving the body balance, which is inevitable for the quality of 

human physical activity in any age.  
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