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The Effects of a Horseback Riding Simulation Exercise on the Spinal 
Alignment of Children with Cerebral Palsy

Purpose: The purpose of this study is to examine the effects of postural control training using a horseback riding simulation on 
the spinal alignment of children with cerebral palsy.

Methods: This study was conducted with 30 children with cerebral palsy at levels Ι∼ IV in the Gross Motor Function 
Classification System (GMFCS), and they were randomly divided into a control group and a hippotherapy group. Both the 
control group and the experimental group received NDT for 30 minutes per session, four times per week for ten weeks, while 
the experimental group also received hippotherapy 15 minutes per session, four times per week for ten weeks, after the 
neurodevelopmental treatment (NDT). The horseback riding simulators (JOBA, EU7805, Panasonic) used in this study simulated 
actual horse movements. Trunk imbalance, pelvic torsion, and pelvic tilt were measured in each group before the exercise and five 
weeks and ten weeks after the beginning of the exercise using a spinal structure analysis system (ABW Mapper).

Results: The Intra-group effects on trunk imbalance, pelvic torsion, and pelvic tilt according to the exercise periods after the 
hippotherapy were tested, and the results showed significant interaction effects between the groups and the periods (p<0.05).

Conclusion: The horseback riding simulation exercise was shown to be effective for the spinal alignment of children with cerebral 
palsy. Therefore, additional studies should be conducted with more children with CP divided by type.
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I. Introduction 

Cerebral Palsy (CP) is a syndrome that affects  movements 

and postural development due to non-progressive damage 

occurring in the brain of a growing fetus or infant that  

restricts movements and functional activities.1 CP’s motor 

disturbance is accompanied by sensory, perceptual, 

cognitive, communicative, and learning disorders as well as 

behavioral disturbances, and it can cause seizure disorders
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and muscle weakening and contracture due to secondary 

musculoskeletal system problems.2-4 In addition, movement 

and postural disorders occur due to damage to the motor 

cortex, and deformations increase with growth as a result of 

chronic muscle imbalance.5,6 

One of the biggest problems that children with CP face is 

defective postural control, as the ability to maintain postural 

control is a very important element with regard to activities of 

daily living (ADL) and independent living.7 Although balance 

maintenance and posture control are automatic responses, 

these are challenging for children with CP.8 In particular, 

harmony between the diaphragm, the pelvis, the abdominal 

wall, and the spinal extensor is essential for the stability of 

the lower thoracic vertebrae and the lumbar vertebrae. The 

harmony of the afferent activities of the diaphragm and the 
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pelvis is achieved by the efferent contraction of the abdominal 

wall muscles, and this muscular harmony increases pressure 

on the internal abdominal wall to enhance trunk stability.9,10 

Therefore, spinal posture is very important for children with 

CP.

Hippotherapy provides repeated balance responses and 

postural adjustments to patients with problems with rhythmical 

gait patterns to help enhance kinematic interactions and  

Postural control.11 Horseback riding is a form of hippotherapy, 

and it provides alignment and balance to the pelvis, the hip, 

the trunk, and the head through the horse’s movements.12,13 

Horseback riding simulation of common purpose to improve 

physical balance the effect of these various treatment 

United States physical therapy Association, the United States 

occupational therapy Association and reported by many 

medical professionals.14 Therefore, while the patient is sitting 

on a horse and spreading his or her legs, horseback riding 

provides diverse sensory stimuli to the pelvis and the entire 

body, develops equilibrium responses, enhances spinal postural 

control, increases the activity of the hips and the hip joints, 

and normalizes muscle tension.15

Although hippotherapy has many advantages, there are 

diverse restrictions to utilizing live horses, such as the high 

cost.16 Currently, popular access to hippotherapy is in the 

early stages in Korea, and those with disabilities have little 

access to horseback riding. Therefore, the number of attempts 

to utilize horseback riding for treatment is extremely low.17 

In addition, abnormal muscle contraction and strengthen 

cooperation in the stability of motion in patients with poor or 

limited effect, promotes pathological movement patterns, and 

the patient may cause pain in the cause.18

Therefore, studies that test the effects of horseback riding 

simulators, which can be easily utilized in hospitals, treatment 

centers, schools, and even the home, are necessary. This 

study intends to examine the effects of a horseback riding 

simulation exercise on the spinal alignment of children with 

CP.

II. Subjects and Method

1. Subjects

This study was conducted with 30 children with CP aged 

between 6∼15 years and diagnosed with spasticity diplegia 

CP at levels Ι∼IV in the Gross Motor Function Classification 

System (GMFCS),19 who were receiving physical therapy at a 

rehabilitation hospital located in S city furthermore, they could 

walk independently or with assistance (walker or protector’s 

assistance), and could stand while holding a walker. All the 

children with CP and their protectors received sufficient 

explanations regarding the purpose and method of the study 

and voluntarily agreed to participate in the experiment. The 

subjects’ general characteristics are provided in Table 1.

2. Method

1) Experimental design

This study was conducted to examine the effects of postural 

control training using horseback riding simulation on children 

with CP, and a spinal structure analysis system was used 

to compare a group that conducted the horseback riding 

simulation exercise and a group that did not conduct the 

horseback riding simulation exercise. 

Both the control group and the hippotherapy group 

received neurodevelopmental treatment (NDT) for 30 minutes 

per session, four times per week for ten weeks, while the 

experimental group also received hippotherapy for 15 minutes  

per session, four times per week for ten weeks, after the NDT. 

The horseback riding simulators (JOBA, EU7805, Panasonic) 

used in this study simulated actual horse movements. The 30 

selected subjects were randomly assigned to the control group 

or the hippotherapy group. All the subjects were treated by 

therapists with at least five years of experience in physical 

therapy and who had completed an NDT course.
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hippotherapy group (n=15) Control group (n=15)          

Gender(M/F) 11/4 10/5

Age (years) 8.8 ± 3.1 9.3 ± 3.8

Height ( ㎝ ) 124.7 ± 15.8 119.6 ± 21.1

Weight ( ㎏ ) 26.3 ± 9.2 26.2 ± 9.7

GMFCS 1.7 ± 0.8 1.9 ± 1.1

Table 1. General characteristics of subjects                                      

Mean ± Standard Deviation
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2) Experimental tool

The horseback riding simulator JOBA was designed so that 

diverse three dimensional movements (forward/backward, 

leftward/rightward, and upward/downward), similar to the 

movements of a live horse, could be experienced through 

figure eight shaped movements using five axes. In this study, 

exercises that fit the children’s characteristics, such as side-

to-side, waist, and hips, were implemented for 15 minutes 

according to the program loaded in the JOBA simulator. The 

children were allowed to control their posture, were instructed 

to maintain tension in their cervical spine so that they could 

keep their back accurately upright when they were sitting on 

the saddle, and were instructed to hold the handles using their 

upper extremities while they were sitting on the horseback 

riding simulator. 

During the horseback riding simulation treatment, for 

the safety of the participating children, the exercise was 

implemented with one physical therapist and one volunteer 

or protector assisting each child. The level of difficulty for the 

exercise was increased with regard to each child’s adaptation 

capacity and the intensity of the exercise by gradually 

increasing the speed of the seat movements up to level 4 

(Figure 1).

3) Measuring tools

Spinal posture was examined using a four-dimensional image 

processor (ABW Mapper, ABW. Inc, Germany) developed 

by the Institute of Bioengineering at the Münster Medical 

College in Germany, and it was used to conduct anatomical 

calculations of trunk imbalance, pelvic torsion, and pelvic 

tilt.20 After taking off his or her top, each subject was 

instructed to completely expose his or her back to the camera 

and stand on the foot plate. While taking the images, errors 

due to movements were prevented and the measurement was 

conducted in an indoor location, in postures at normal times 

after designating the positions of the feet.

A photo was taken, in a short time of 0.04 sec, and only the 

necessary part was left in each subject’s photo and recorded 

in the computer. The photo was automatically analyzed to 

find a symmetric line by analyzing the curve of the surface 

of the back. This line is quite similar to the line that connects 

the spinous processes. Thereafter, the surface of the back 

was analyzed to find the four anatomical peaks that is, 

the vertebra prominens C7 (VP), the sacrum point (SP), 

two dimples (DM, DR), and the condition of the pelvis were 

analyzed based on the four anatomical peaks.21 The criteria 

for diagnosis after measurement were those established in 

Germany after examining 400 children and youths aged 

11∼16 years, and the normal criteria ranges are shown in 

Table 2.

3. Data analysis

All the data values from the spinal posture tests conducted 

in this study were analyzed using the SPSS (ver. 12.0 

for Windows) statistical program. Individual data showed 

normal distributions in normality tests conducted using the 

Kolmogorov-Smirnov (K-S) Goodness-of-Fit Test, and thus 

parametric tests were conducted. Two-way repeated ANOVAs 

were conducted to test the significance of the changes over 

time in each group and the significance of the differences 

between the two groups, and a significance level of α=0.05 

was set for the tests. 

Figure1. Horseback riding simulator

Measurement range Normal reference range

Trunk imbalance ( ㎜ ) -7 ∼ 7

Pelvic torsion  (°) -2 ∼ 2

Pelvic tilt ( ㎜ ) -4 ∼ 4

Table 2. Measurement range and normal reference range
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III. Results

The Intragroup effects on trunk imbalance over the exercise 

period were tested, and the results showed significant 

differences in the effects of interactions between the groups 

and the period (p<0.05)(Figure 2).

The Intragroup effects on pelvic torsion over the exercise 

period were tested, and the results showed significant 

differences in the effects of interactions between the groups 

and the period (p<0.05)(Figure 3).

The Intragroup effects on pelvic tilt over the exercise period 

were tested, and the results showed significant differences in 

the effects of interactions between the groups and the period 

(p<0.05)(Figure 4).

IV. Discussion

In the spinal structure analysis, the intragroup effects on 

trunk imbalance over the exercise period were tested, and 

the results showed significant differences in the effects of 

interactions between the groups and the period (p<0.05). 

The trunk imbalance and the back slope of the human spine 

when viewed been tilted to the left or to the right shows 

how.21 Trunk imbalance used to measure the slope of the four 

points of the VP (vertebra prominence: the seventh cervical 

vertebra), SP (Sacrum Point), both PSIS (Posterior Superior 

Iliac spine). DL is also left lumbar dimple, DR is right lumbar 

dimple, DM lumbar dimple in the center of the left and right 

means trunk imbalance of the VP trunk length or angle 

of deviation from the DM. According to Oh et al.21 a group 

treated with rehabilitation exercises for 18 weeks showed 

improvement in the trunk inclination and trunk balance, 

which gradually became closer to the normal state. Kim et 

al.22 analyzed the curve of the surface of the back using an 

ABW Mapper to determine the symmetric line and measured 

and analyzed the inclination of the trunk based on the four 

anatomical peaks. They found that the angles of trunk 

imbalance decreased in the exercise group that participated in 

an 18 week spinal rehabilitation program, and the difference 

was significant. Therefore, the results were consistent with 

the results of this study (p<0.05). These results are considered 

attributable to the fact that body alignment was improved 

during horseback riding activities because the convulsion 

necessary to get on/off the horse decreased, the  range 

of movement increased, and the abnormal movements 

decreased during the activities.23 The results are also related 
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Figure2. The comparison of trunk imbalance among groups
Period: P<0.01
period × Group : P<0.1

Group: p>0.05

Figure3. The comparison of pelvic torsion among groups
Period: p<0.001
period × Group : p<0.01

Group: p>0.05

Figure4. The comparison of pelvic tilt among groups
Period: p<0.001
Period  × Group : p<0.001

Group: p>0.05
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to changes in the scoliosis and curvature of the back due to 

the symmetry and balance of the lateral tilting and forward/

backward tilting postures achieved by the activities, as shown 

in a study conducted by Im and Han.24

PSIS on both sides of the pelvis torsion at the pelvic rotation 

is made at right angles to the line, refers to both the degree 

of twisting of the pelvis, 0° is the ideal figure, and the large 

deviation is abnormal.21 The Intragroup effects on pelvic 

torsion over the exercise period were tested, and the results 

showed significant differences in the effects of interactions 

between the groups and the period (p<0.05). This is because 

the adductor muscles of the lower extremities were relaxed 

and the lumbar and abdominal muscles were reinforced while 

the subject was sitting on the horseback riding simulator 

Jeong et al.25 advised that the three-dimensional dynamic 

exercises that occur when the horse is walking can induce the 

same movements in the pelvis of the person riding the horse 

and forces the person to use muscles that are not used at 

normal times. 

Pelvic tilt on the horizon tilted downward or upward with 

respect to this cross-section of both pelvic height (left / right 

the line connect PSIS) by comparing the difference in leg 

length write (paired legs) means the 0° is the ideal figure, and 

the large deviation is abnormal.21

The Intragroup effects on pelvic tilt over the exercise period 

were tested, and the results showed significant differences 

in the effects of interactions between the groups and the 

period (p<0.05). As presented in RDA-Samsung26 this is 

considered to be attributable to the effort to maintain correct 

posture while relaxing the body, which improved the ability 

to maintain posture and balance.25 Fleck27 advised that the 

movements of the pelvis during horseback riding exercises 

stimulate balance and postural control because they are 

similar to the movements of the pelvis of the humans during 

walking, and the three-dimensional movements and the 

changes in the center of gravity help children with CP to 

experience normal movements for the first time, which affects  

the pelvic torsion. A study conducted by Jeong28 reported 

increases in symmetry in the shoulder, scapular,  spinal, 

and pelvic postures on the Posture Assessment Scale (PAS), 

which was used to measure the quality of postural control

and symmetry after applying hippotherapy to children with 

CP. As with previous studies, the horseback riding simulation 

exercise program used in this study led to significant 

differences in spinal structure analyses. Therefore, horseback 

riding simulation exercise programs that show increases in 

symmetry are considered to be useful for children with CP 

regarding the improvement of spinal structures characterized 

by asymmetry.

In this study, balance increased in order to maintain the 

balance of the body on the horseback simulator, and the 

movements of the body were remembered. The memories 

of the movements were used to make movements to control 

posture. That is, when the four extremities were moved 

swiftly, the center of gravity moved and a repulsive force 

was generated and caused postural sways in the entire body, 

including the vertebral column.29 Then, the basal ganglia, the 

supplementary motor area, and the primary motor area on 

the opposite side of the agonistic muscles proactively activate 

the posture controlling muscles and provide timing signals for 

agonistic muscle contraction.30 When this proactive postural 

control has been learned, stable kinesthetic memories are 

constructed in the central nervous system so that posture can 

be controlled for movements even without any afferent input.31  

In this study showed that, a horseback riding simulation 

exercise is considered to be a very useful treatment tool for 

children with CP.

Therefore, what is the difference between horseback riding 

simulation exercise NDT treatment and lack of movement of 

the pelvis with cerebral palsy before and after side-to-side 

movements of the pelvis for children ambulatory movements 

and then at regular intervals. Scapular, spine and pelvis also 

induces the alignment of children with CP, asymmetrical 

posture control and can bring an increase in the balance. 

However, the child's age or mechanical difficulties in the 

movement of children and do not use your hands to hold can 

falling children risk of disadvantage, and movements can be 

somewhat tedious to many children.

The limitations of this study include the fact that the type 

and personal characteristics of the children with CP were not  

sufficiently considered; furthermore, the information obtained 

in this study cannot be generalized to all children with CP 
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because the number of children who participated in this study 

was small. In future studies, a larger number of children 

with CP should be divided by type and studied further. In 

conclusion, the horseback riding simulation exercise was found 

to be effective for improving the spinal alignment of children 

with CP. Therefore, additional studies should be conducted 

with more children with CP divided by type. According to the 

results of this study, a horseback riding simulation exercise, it 

can help improve the children’s spinal alignment and enhance 

clinical applicability. 
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