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Abstract

Objectives: To investigate whether hippotherapy has short- and long-term effects on postural control in an
adolescent with cerebral palsy (CP).

Design: Pre-and post-treatment follow-up with 5-week intervention. Quantitative stabilometry and a modified
sensory organization test were performed to determine the subject’s response after hippotherapy (HT). The total path
length and the lengths of the mediolateral and anteroposterior centre of pressure (COP) movements were calculated.

Settings: Measurement system from the Health Faculty research laboratory in centre for HT.
Participant: Adolescent with CP.

Intervention: 5 weeks’ hippotherapy, 3 times per week for 30 minutes.

Measures: Modified sensory organization test, stabilometry and gross motor function measure.

Results: The results of measurement of the short-term effect of HT on the parameters of movement of the COP on
a firm surface with eyes open show that the total path length decreased by 20.94%, the path length in the mediolateral
direction decreased by 24.30%, and in the anteroposterior direction by 17.91%; the area of the stabilogram decreased
by 55.54% and the individual variance index (IVl) decreased by 9.95%. After completion of HT, the total path length
decreased by 33.70%, the path length in the mediolateral direction decreased by 30.48%, in the anteroposterial direction
by 35.06%; the stabilogram area decreased by 59.82% and IVI decreased by 15.10%.

Conclusion: In our case study the modified sensory organization test on the force plate was sufficiently sensitive
to detect fluctuation changes in the COP; therefore it is appropriate for continued use. Similarly, HT was found to have

a positive effect on postural control.
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Introduction

(0}

The term “cerebral palsy” is used when the cerebral insult has
occurred before birth, around the time of birth or up to the age of
about 3 years, while the brain is still undergoing rapid development
[1,2]. Disorders of movement and posture are caused by damage to the
motor cortex. In addition to postural and motor abnormalities, which
are always present, people with CP may exhibit learning disabilities,
other cognitive and sensory impairments, hearing and visual loss,
speech and language disorders, emotional problems, orthopaedic
complications and epilepsy [3-6]. The consequences of chronic
muscle imbalance and the resultant deformities can cause increasing
disability with age [7,8]. One of the most significant problems in
children with CP is defective postural control.

Posture

Posture involves orientation of the body in space so that muscles
work efficiently against gravity. Postural control is dependent on
proper functioning of righting, equilibrium and protective reactions,
which are controlled by the central nervous system [9,10]. A certain
degree of postural control is essential for controlled and coordinated
movement of the extremities, head and trunk control, functional trunk
mobility, maintaining symmetry, displaying the ability to weight shift
and bear weight in all directions, and coordinated and voluntary limb
movements [11-13]. Individuals with central nervous system damage
may show signs of disrupted postural mechanisms [10,13] “Postural

control is organized at two functional levels. The first level consists
of a direction-specific adjustment when the equilibrium of the
body is endangered, or the generation of direction-specific patterns
of postural adjustment, while the second level fine-tunes the basic,
direction-specific adjustment with input from the somatosensory,
visual, and vestibular systems” [9]. Hippotherapy, in which equine
movement is used for its therapeutic effect, is one of the approaches
for improving postural control [15].

Hippotherapy (HT)

HT is defined as the therapeutic use of a horse as part of an
integrated treatment strategy for children and adults with movement
dysfunction [16-18]. The primary goal of HT is to improve the
individual’s balance, posture, function, and mobility. The horse’s
gait provides a precise, smooth, rhythmic, and repetitive three-
dimensional pattern of movement to the rider [19-23]. In general, the
movement of the horse provides a variety of inputs to the rider, which
may be used to facilitate improved contraction, weight shift, and
postural equilibrium and balance responses, and improve strength,
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coordination, muscle tone, joint range of movements, weight bearing,
gait, and sensory processing [19,24-26].

Stabilometry

Stabilometry is one of the most commonly used methods for
measuring the parameters of postural steadiness. It determines the
movement of the body’s COP within the support base during upright
stance [27].

The dual purpose of our study was to:

1. Verify the suitability and feasibility of the modified test of
sensory organization

2. Establish the shortandlong-term effects of HT in a person with
cerebral palsy on the stability of posture, which are inferred
from parameters of movement of the centre of pressure.

Methods
Participants - subjects

The University of Ljubljana, Faculty of Health Studies and the
Centre for Education and Rehabilitation for Children and Adolescents
with Special Needs approved the pilot study. Inclusion criteria for
the subject included: (1) adult; (2) CP; (3) no previous hippotherapy.
The participant signed a consent form approved by the Centre for
Education and Rehabilitation for Children and Adolescents with
Special Needs. No attempt was made to limit participation in other
activities. The participant continued to receive physiotherapy and
occupational therapy.

The subject of the case study was an 18-year-old male with
a diagnosis of cerebral palsy and epilepsy. The subject suffered
from spastic diplegia, with greater impairment on the left side. The
asymmetry of muscle tone and increased muscle tone on the left side of
the body resulted in mild asymmetry of the ribcage, an asymmetrical
position of the pelvis and adduction and internal rotation of the left
lower limb with knee flexion and inversion of the left foot. Asymmetry
of muscle tone causes asymmetry of the whole body and perception
of the body in space, which is reflected in the change in control of
body posture in the standing position, with the asymmetry being
even more pronounced when walking. The degree of functional motor
ability, expressed by the GMFM test (Gross motor function measure),
was 79% before hippotherapy.

Procedures and design

Intervention: The adult participated in a 30 - minute hippotherapy
intervention 3 times a week for 5 weeks HT intervention. HT was
individualized according to the adult’s needs and administered by
one physiotherapist with support from riding instructors. During
a 30-minute session the therapist encouraged a symmetrical body
position, additional pelvic movement, especially to the left and right,
and stimulated lateral trunk flexion and rotation between the pelvis
and the shoulder girdle.

Measurements on the force platform, on which movement of the
COP was measured, were performed before the commencement of
HT, immediately after the first HT session and after the five-week
period. Besides stabilometry, a modified sensory organization test
(12], which comprised six measurements in quiet standing on the
force platform, was performed before hippotherapy. Immediately
following HT the same six measurements were repeated. The first two
movements comprised standing on a firm base with the feet 17cm

Before hippotherapy After hippotherapy

Figure 1: COP movement and area described by the platform with the subject’s
feet in the spontaneous position, 17 cm apart on a hard surface with eyes open.

Path (cm)
Before the first HT
Spontaneous position

M-L path (cm) A-P path (cm) Area (cm2) IVI

FB EO 121.27 70.56 83.74 14.26 2.1
FBEC 120.89 56.46 95.75 7.29 1.93
SB EO 153.13 85.29 109.45 18.92 2.05
SBEC / / / / /
Feet together

FB EO 132.23 75.51 91.63 14.39 1.83
FB EC 182.23 94.16 136.91 18.47 2.01
After the first HT

Spontaneous position

FB EO 95.87 53.41 68.74 6.34 1.90
TP EZ 117.27 73.86 75.84 15.84 1.76
SBEO 134.29 76.64 94.22 14.61 1.61
SBEC / / / / /
Feet together

FB EO 114.66 63.05 82.92 12.50 2.09
FBEC 166.04 109.82 102.51 19.36 1.83
Before the last HT

Spontaneous position

FB EO 82.27 41.59 63.23 11.97 257
FB EC 101.14 45.51 81.14 8.42 2.24
SB EO 150.48 89.00 102.59 16.43 2.10
SB EC 169.91 101.30 114.47 16.52 1.74
Feet together

FB EO 103.97 63.05 70.03 8.36 1.75
FB OC 123.79 73.08 84.13 10.52 1.83
After the last HT

Spontaneous position

FB EO 80.40 49.05 54.38 5.73 1.79
FB EC 89.65 51.91 63.00 6.19 2.26
SB EO 112.49 69.45 74.64 11.04 1.88
SBEC 179.04 123.34 103.66 57.04 2.67
Feet together

FB EO 93.96 61.06 58.80 10.88 1.85
FB EC 127.29 83.95 78.19 11.24 1.75

FB EO - firm base eyes open, FB EC - firm base eyes closed, SB EO - soft base
eyes open, SB EC — soft base eyes closed, M-L - mediolateral direction, A-P - an-
teroposterior direction, IVl — individual variance index, area — stabilogram area,
path — paths in all directions.

Table 1: Results of the modified sensory organization test before HT and after 5
weeks’ HT; data on the paths, areaandlVI. Data are classified according to when
hippotherapy was performed.

apart, with eyes open and closed. For the next two measurements the
subject had his feet together with eyes open and closed. In the third
two measurements the subject stood on a soft base with his feet 17 cm
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Figure 2: Values of the path of COP movement before and after hippotherapy, measured on the first and last day of therapy. Each vertical line represents the differ-
ence between measurements before and after hippotherapy. (A) Path of the COP, (B) Variability of the movement of the COP in the mediolateral and anteroposterior
direction and IVI, (C) Stabilogram area.

Figure 2 shows the changes in measurements during treatment with the feet in the spontaneous position (feet 17 cm apart) on a firm base with eyes open. Each vertical
line in all three figures represents the difference between the measured results before and 30 minutes after hippotherapy. The first and last hippotherapy are repre-
sented together in the figures. Apart from the mediolateral path before the last hippotherapy, all the larger values were measured before hippotherapy and the smaller
values after hippotherapy. A trend towards a decrease in the COP movements is evident. All paths of the COP movement decreased each time after hippotherapy
(Figure A). The variability of the movement of the COP, expressed as the SD of the position of the COP on the force platform on the x and y axes — mediolateral direction
and anteroposterior direction, also decreased (Figure B). The stabilogram area similarly decreased both after the end of the 30-minute and after the last hippotherapy
(Figure C).

first: measurement before commencement of hippotherapy; last: measurement after five weeks’ hippotherapy; path: total path length of the COP movement; path A-P:
path of the COP in the anteroposterior direction; path M-L: path of the COP in the mediolateral direction; IVI: individual variance index; sd Ax: standard deviation of
the position of the centre of pressure in the mediolateral direction; sdAy: standard deviation of the position of the centre of pressure in the anteroposterior direction.

apart with eyes open and closed (Figure 1). The demand for postural
control was increased by standing with feet together, thus decreasing
the support base, and by closing his eyes.

Data analysis: Stabilometry was used to assess the amount
of postural sway. Data were collected at a 50 Hz sampling rate
for 60 seconds using a portable force platform (Kistler 9286 AA,
Wintherthur, Switzerland). The raw data were stored on the disk of
a PC-type computer using Kistler’s BioWare programme. For the
analysis they were later uploaded to a server running under the Linux
(Fedora 12) operating system. Data analysis was performed using web-
based software that had been specially developed for our stabilometric
measurements [27].

Analysis of the stabilometric data was begun by smoothing the
acquired COP positions in the mediolateral and anteroposterior
directions using moving averages over 10 adjacent points. From the
resulting data standard statistical parameters of standard deviation
and the averages of the absolute values of COP displacements and
velocities, total path length and the lengths of the mediolateral and
anteroposterior COP movements and the frequency distributions of
the positions and velocities were calculated. Finally, we determined

the outline of the measured data and calculated its Fourier coefficients,
area and other related parameters.

Results

The 18-year-old adolescent, despite impaired movement due to
CP, was able to stand on the force platform for 60 seconds with feet
together or apart with eyes open and closed. On the soft base, before
the first hippotherapy session, he stood with feet apart and eyes open
for 60 seconds and in the same position with eyes closed for only 25
seconds, while after 5 weeks’ therapy he also stood for 60 seconds
under the same conditions (Table 1).

The results of measurements with the force platform were
analysed on two levels. Initially, we observed the short-term effect of
a 30-minute hippotherapy session on the parameters of movement
of the COP on a firm base and eyes open: the total path length
decreased by 20.94%, the path length in the mediolateral direction
decreased by 24.30% and in the anteroposterior direction by 17.91%;
the stabilogram area decreased by 55.54% and IVI decreased by 9.95%
(Figure 2). Later, we compared the results before hippotherapy and
after five weeks’ therapy, which revealed that the total path length
decreased by 33.70%, the path length in the mediolateral direction
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decreased by 30.48%, in the anteroposterior direction by 35.06%; the
stabilogram area decreased by 59.82% and IVI decreased by 15.10%.
All the results for the total path length of the COP, path length in
the mediolateral and anteroposterior directions, stabilogram area and
IVT of the subject are presented in table 1. The pretest GMFM score
was 79% compared to 86% at the conclusion of the test period after five
weeks’ hippotherapy. The 7% improvement was found only in parts D
(standing) and E (walking, running and jumping).

Discussion

The presented case study provided information on the suitability
of the proposed measurement protocol for the assessment of the effects
of hippotherapy on the stability of posture or improvement in balance
in people with sensorimotor disturbances. We established that it is
possible to carry out the proposed modified sensory organization
test in its entirety before and after hippotherapy in a person with the
spastic form of CP. The subject was able to maintain the position for
the 60 seconds required to obtain the data under all measurement
conditions, in the spontaneous feet position, with feet together, with
eyes open and closed and on a soft base. Sixty seconds represents
the period for obtaining data that provides greater reliability and
reproducibility of obtained stabilometric data [28]. We found that the
parameters of COP movement after hippotherapy decreased when the
subject had his eyes open, as did parameters for the total path length
of the COP and individual components, that is anteroposterior and
mediolateral components of the path length and the area described
by the COP. They increased if the subject closed his eyes, and further
increased if he stood on a soft base. The increase in postural sway
is characteristic of the fluctuation in sensory input and conflicting
information, resulting in a significant increase in the stabilogram
area [27,28]. Since the path length of the COP and average speed
are correlated, the results of our study can be compared with those
of Kuczynski and Slonka [29], who reported a decrease in average
speed and extent of sway in the anteroposterior and mediolateral
direction and their standard deviations, which means decreased
variability between attempts or a smaller number of larger excursions
towards the edge of the force platform. Similarly, speed of movement
decreased. There was no change in movement frequency in children
with CP after 3 months’ therapy that consisted of riding on the Brunel
active balance saddle twice weekly for 20 minutes. The difference
between people with CP and a comparable group of healthy children
was statistically significant in this study.

Knowledge of equine-assisted therapies, especially hippotherapy,
and their efficacy is continually increasing and becoming more
reliable and precise [30]. Most studies focus on researching the
effects on the Gross Motor Function Measure (GMFM), muscle tone,
temperospatial parameters of walking and energy use during walking.
One of the rare studies to use stabilometry as a measurement tool is the
above-mentioned study of Kuczynski et al. [29]. In addition, in meta-
analyses with systematic reviews a detailed analysis of studies that
influence the effect of HT on postural control and balance has been
performed [31]. These results show that hippotherapy, which transmit
stimuli across the pelvis and thus elicit the righting and equilibrium
reactions are effective improving postural control in people with CP.

Conclusion

With this case study we verified the feasibility and suitability of
the modified test of sensory organization and stabilometry and the
short-term effects before and after hippotherapy in a person with CP.
We established that the modified sensory organization test on the

force platform is sufficiently sensitive to detect changes in oscillation
of the COP on the force platform. A longitudinal study is planned
to analyse the long-term effects of hippotherapy. This will enable us
to answer the question as to how hippotherapy influences postural
control in a larger sample of adolescents with CP. Analysis of obtained
data showed that the protocol is suitable for obtaining answers to the
hypothesis posed prior to the case study.
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