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ABSTRACT 

The present study was designed to evaluate the effects of hippotherapy on standing balance in patients with incomplete 
cervical spinal cord injuries. Ten patients (8 men and 2 women) who were diagnosed with cervical levels of injury be- 
tween 3 and 6, and D according to the ASIA Impairment Scale. All patients were tested by the physiotherapists prior to 
and after hippotherapy treatment. Standing balance was measured using the Interactive Balance System (IBS). The 
weight distribution index was significantly increased in application of hippotherapy compared with control groups in 
patients with a neurologic level of cervical 3 and 4, and with Brown-Sequard syndrome, respectively. However, most of 
the patients exhibited no significant changes in the standing balance index, such as F1, F2-4, F5-6, F7-8, and SI scores, 
after hippotherapy. These results suggest that hippotherapy did not have a significant effect on the standing balance of 
patients with incomplete cervical spinal cord injuries. 
 
Keywords: Spinal Cord Injury; Standing Balance; Hippotherapy 

1. Introduction 

Direct or indirect damage to the central or peripheral 
nervous system can reduce an individual’s ability to per-
form activities of daily living [1-3]. In a significant 
number of spinal cord injured individuals, incomplete 
injury to the spinal cord may spare their descending mo- 
tor control pathways and allow them to retain the ability 
to walk [4]. However, one of the key functional deficits 
is poor balance; people who have sustained a spinal cord 
injury (SCI) lack the normal postural synergies and sen- 
sory-motor integration of the lower limbs and trunk that 
regulate upright position [5]. Balance is a somewhat am- 
biguous term used to describe the ability to maintain or 
move within a weight-bearing posture without falling [6]. 
Balance is a significant issue for the majority of ambula- 
tory patients with incomplete spinal cord injuries. Indeed, 
they are at increased risk of falling [7]. Because of these 
individuals’ poor balance, bone fractures are common [8]. 
The mortality rate associated with falls increases dra-
matically with injury. In addition, instability and falls can 
be markers of poor health and declining function, and 
they are often associated with significant morbidity [6]. 
One potential way to improve balance and mobility and  

to reduce falls is through exercise interventions [9]. The 
muscle groups of the lumbar-pelvis-hip complex (an as-
pect of the neuromuscular system) can be targeted in an 
exercise intervention program to improve static postural 
stability and assist patients in returning to equilibrium 
after perturbation [10]. According to Nadler et al., the 
focus of such a training regimen should also include 
muscular stabilization of the abdominal, paraspinal, and 
gluteal muscles to provide better stability and control 
[11]. However, central neuropathies such as spinal cord 
injuries and strokes usually reduce the strength of these 
core muscles and their corresponding functional ability 
required for standing [12]. To our knowledge, strength-
ening the lumbar-pelvis-hip muscles should improve 
balance and stability and thus reduce one’s likelihood of 
falling. Hippotherapy is a physical treatment strategy in 
which the movement of a horse is used to improve the 
posture, balance, and general development of people with 
or without motor difficulties [13]. In addition, rhythmic 
equine movement is used in hippotherapy to treat people 
with neurologic impairments. When a horse walks, its 
movement involves a delicate coordination of neck, trunk, 
and limb muscles. Several studies have reported hip-
potherapy’s positive impact on muscle tone, posture,  *Corresponding author. 
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balance as well as its psychosomatic influence on pa- 
tients [14-16]. The three-dimensional movement of a 
horse’s back as it walks stimulates a three-dimensional 
movement in the rider’s pelvis that is likened to the 
movement of the human pelvis that occurs during walk- 
ing. Thus, because of this similarity in pelvic movement 
during riding to that which occurs when ambulating, 
several authors have demonstrated improvements in pa- 
tients’ gait post hippotherapy. According to Bertoti [17], 
horseback riding can improve the spine, trunk, and pelvis, 
especially in children with spasticity diplegia. For several 
years, hippotherapy has been used in the rehabilitation of 
spinal cord injured patients, and positive effects on spas-
ticity and well being have been reported [14,18]. Unfor-
tunately, only a few studies assessing the effect of hip-
potherapy on spasticity in spinal cord injured patients 
have been conducted, and not apply to the existing lit- 
erature of standing balance in spinal cord injured patients. 
Studies that aim to explain the mechanisms underlying 
the effects of hippotherapy on standing balance are even 
scarcer. Therefore, the aim of this study was to investi- 
gate hippotherapy’s effect on the standing balance of 
incomplete cervical spinal cord injury patients. We as- 
sessed 10 incomplete cervical spinal cord injured patients 
in our study, and the physiotherapist in charge rated the 
standing balance of the patients prior to and immediately 
following hippotherapy, according to the interactive bal-
ance system. 

2. Materials and Methods 

Ten patients (8 men and 2 women) were recruited from S 
rehabilitation center in Gyeonggi-do, Korea. They had 
spinal cord injuries that had occurred less than one year 
prior to the time of the study. Participants had been pre-
viously diagnosed with incomplete cervical spinal cord 
injuries according to established criteria. They received 
written and verbal explanations about the purposes and 
procedures of the study. Inclusion criteria were as fol-
lows: 1) able to standing independently without an assis-
tive device for 32 seconds; 2) able to standing independ-
ently with both eyes closed for 32 seconds; 3) no skin 
problems or wounds; and 4) no horseback riding for six 
months leading up to the study. Exclusion criteria were 
as follows: 1) pain during neck active motion; and 2) 
dizziness with both eyes closed in a standing posture. All 
patients were tested by the physiotherapists prior to and 
after hippotherapy treatment. They ranged in age be- 
tween 27 and 53 years (mean 38.4 ± 10.6). The neu-
rologic levels of their cervical cord injuries were between 
3 and 6, and D according to the ASIA Impairment Scale 
[19]. In clinical practice, each hippotherapy session 
lasted for 25 - 30 minutes [14]. The treatments were per-
formed using hippotherapy. We set the treatment speed at  

65 and the mode at 58 to improve the lumbar-pelvis-hip 
muscles (Figure 1). The physiotherapist involved in the 
hippotherapy intervention helped with transfers and re-
mained with the subjects throughout each session. Par-
ticipants were evaluated in each session. Each session 
included the assessment of static standing balance using 
the Interactive Balance System (IBS) (Tetrax Inc., Israel) 
(Figure 1). This system uses four separate platforms, 
each measuring the vertical pressure fluctuations induced 
by the two heels and toe parts, respectively [20-22]. A 
pattern analysis of the postural performance of the above 
measurements was conducted at the following eight posi-
tions: head straight with eyes open (NO); head straight 
with eyes closed (NC); standing on elastic pads with eyes 
open (PO); standing on elastic pads with eyes closed 
(PC); head right with eyes closed (HR); head left with 
eyes closed (HL); head up with eyes closed (HB); and 
head down with eyes closed (HF). Fourier transforma-
tions were derived from four independent wave signals 
and presented in the form of a spectrum. These frequency 
bands were divided into four frequency signals: low 
(0.01 - 0.1 Hz), medium-low (0.1 - 0.5 Hz), medium-high 
(0.5 - 1.0 Hz), and high (1.0 Hz and above). F1 (low fre- 
quency; 0.01-0.1 Hz) frequencies are linked visual con- 
trol, and they typically dominate normal steady and  
 

 

Figure 1. Measurements of standing balance and applica-
tion of hippotherapy in patients with incomplete cervical 
spinal cord injury. The explanation of the interactive bal-
ance system (A-a) and the application of hippotherapy us- 
ing the mode 58 and speed 65 (B), as described in the Mate-
rials and Methods. IBS, interactive balance system; CCS, 
patients with central cord syndrome; BSS, patients with 
Brown-Sequard syndrome. 
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undisturbed posture. F2-4 (medium-low; 0.1 - 0.5 Hz) 
frequencies are sensitive to vestibular stress and distur-
bances. F5-6 (medium-high; 0.5 - 1.0 Hz) frequencies 
reflect the somatosensory activity of the lower extremi-
ties and spine. F7-8 (high; 1.0 Hz and above) frequencies 
are often induced by dysfunctions in the central nervous 
system. The weight distribution index (WDI) was meas-
ured of weight distribution over the four platforms. The 
stability index (SI) represents the status of an individ-
ual’s general postural stability [20]. All patients provided 
their informed consent to participation in the study, and 
the protocol for the study was approved by the Commit-
tee of Ethics in Research of the University of Yongin, in 
agreement with the terms of Resolution 5-1-20, Decem-
ber 2006. Standing balance was evaluated twice, pre- and 
post-intervention. The existence of a statistical difference 
between standing balance before and after hippotherapy 
treatment was assessed by performing Wilcoxon’s signed- 
rank test. Statistical significance was set at the 5% level. 
SPSS for Windows (version 12.0) was used for analysis 
in this study. 

3. Results 

Table 1 presents details about the participants. The weight 
distribution index (WDI) was significantly increased in 
application of hippotherapy compared with control groups 
in patients with a neurologic level of cervical 3 and 4 
(before hippotherapy: 7.6 ± 2.9, after hippotherapy: 8.9 ± 
2.9) (Figure 2), and with Brown-Sequard syndrome (be- 
fore hippotherapy: 7.3 ± 3.3, after hippotherapy: 9.2 ± 
3.3) (Figure 3), respectively. However, most of the pa- 
tients exhibited no significant changes in the standing 
balance index, such as F1, F2-4, F5-6, F7-8, and stability 
index (SI) scores, after hippotherapy (Figures 2 and 3 
and Tables 2-4). 

4. Discussion 

Various case studies have demonstrated support for the 
theory that therapeutic hippotherapy can be helpful for 
patients with neurologic impairments. A previous study 
with nine multiple sclerosis patients reported that hip-
potherapy resulted in statistically significant improve-
ments in patients’ Berg Balance Scale (BBS) and Per-
formance-Oriented Mobility Assessment (POMA) scores 
[15]. Hammer et al. also reported significant improve-
ments in three out of 11 patients using the BBS and, 
when a qualitative measure was included in the analysis, 
balance improvements were reported in eight patients 
[23]. The present study is the first objective clinical 
analysis of the effects of hippotherapy on standing bal-
ance in patients with incomplete cervical spinal cord in-
juries. In contrast to other studies, we used the comput-
erized Interactive Balance System and found non-sig-  

Table 1. General characteristics of patients with incomplete 
cervical spinal cord injury. 

Variable SCI patients with hippotherapy

Age 38.4 ± 10.6 years 

Sex  

Female (%) 2 (20) 

Male (%) 8 (80) 

Height 171.6 ± 7.1 cm 

Weight 65.8 ± 8.6 kg 

BMI 21.9 ± 1.1 kg/m2 

Past history  

Hypertension - 

Diabetes mellitus - 

  

Times since SCI 8.8 ± 1.5 months 

Mechanism of injury  

Fall (%) 4 (40) 

Assault (%) 6 (60) 

Injury level  

Cervical 3/4 (%) 7 (70) 

Cervical 5/6 (%) 3 (30) 

SCI clinical syndrome  

Central cord syndrome (%) 6 (60) 

Brown-Sequard syndrome (%) 4 (40) 

Surgery lesion  

Anterior (%) 10 (100) 

Posterior - 

Mean ± Standard Error, SCI, spinal cord injury; BMI, body mass index. 

 
nificant into eight ranges of frequencies increasing pos-
tural sway. The null hypothesis was that patients with 
incomplete cervical spinal cord injuries would have sig-
nificantly improved standing balance after hippotherapy 
treatment. However, according to our results, patients’ 
standing balance index scores after hippotherapy inter- 
vention were not significantly improved. Manella and 
Backus [24] reported that gait deviations commonly ob- 
served after SCI include inadequate hip extension when 
standing as a result of tightness or spasticity of the iliop- 
soas muscle. The primary causes of pelvic anterior tilt 
include hip extensor, abdominal weakness, and hip flexor 
spasticity. The forward and backward trunk movements 
induced by hippotherapy ma  be affecting pelvic and hip  y    
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Figure 2. Effects of hippotherapy in patients with incomplete cervical spinal cord injury. (A) Standing balance indexes such 
as F1, F2-4, F5-6, F7-8, WDI, and SI were analyzed in sum total of cervical 3/4 and cervical 5/6 levels before and after hip-
potherapy (Total). Standing balance indexes were analyzed in levels of cervical 3/4 (B)(C3/C4 injury) and 5/6 (C)(C5/C6 in-
jury) with or without hippotherapy, respectively. The F1 are linked visual control system. The F2-4 are sensitive to vestibular 
stress and disturbances. The F5-6 reflect somatosensory activity by the lower extremities and spine. The F7-8 are linked cen-
tral nervous system. The weight distribution index (WDI) was measured for weight distribution. The stability index (SI) 
represents the status of the general postural stability. *Significant differences between before and after pelvic exercise with p 
< 0.05. Hippo, hippotherapy. 
 

 

Figure 3. Effects of hippotherapy in levels of cervical 3/4 in patients with central cord syndrome and Brown-Sequard syn-
drome. Standing balance indexes were analyzed in levels of cervical 3/4 with central cord syndrome (A, Hippo-C3/C4-CCS) 
and Brown-Sequard syndrome (B, Hippo-C3/C4-BSS), respectively. *Significant differences between before and after pelvic 
exercise with p < 0.05. Hippo, hippotherapy; CCS, patients with central cord syndrome; BSS, patients with Brown-Sequard 
syndrome. 
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Table 2. The index of standing balance (F1, F2-4) before and after hippotherapy in patients with incomplete cervical spinal 
cord injury. 

F1 (0.35 - 0.50) Hz 

Total C3-4 C3-4, CCS C3-4, BSS C5-6 

Hippotherapy Hippotherapy Hippotherapy Hippotherapy Hippotherapy 
 

Before After Before After Before After Before After Before After 

NO 19.4 ± 7.9 19.4 ± 13.9 21.8 ± 9.0 21.5 ± 16.6 16.8 ± 4.1 15.4 ± 7.6 23.9 ± 10.0 24.0 ± 19.3 15.2 ± 2.7 15.4 ± 8.0

NC 24.8 ± 7.6 27.7 ± 15.0 25.9 ± 8.0 31.4 ± 17.9 23.7 ± 0.1 22.2 ± 3.1 26.9 ± 9.6 35.1 ± 20.4 22.9 ± 7.5 21.2 ± 5.1

PO 22.8 ± 8.6 23.2 ± 10.0 22.6 ± 9.8 24.0 ± 12.2 20.0 ± 6.7 13.0 ± 6.3 23.7 ± 11.3 28.4 ± 11.4 23.3 ± 7.4 21.9 ± 5.2

PC 37.0 ± 17.5 42.4 ± 11.9 34.6 ± 20.9 42.7 ± 13.5 27.5 ± 15.4 27.3 ± 9.0 37.4 ± 23.7 48.9 ± 9.2 41.2 ± 10.3 41.9 ± 10.4

HR 28.5 ± 6.6 33.2 ± 15.1 30.0 ± 7.6 37.6 ± 17.1 27.9 ± 5.2 28.5 ± 7.3 30.8 ± 8.7 41.3 ± 19.1 25.8 ± 4.3 25.5 ± 6.8

HL 30.9 ± 6.6 27.8 ± 15.2 32.1 ± 7.8 31.6 ± 17.1 31.3 ± 4.0 26.4 ± 4.1 32.4 ± 9.3 33.7 ± 20.3 29.0 ± 4.0 21.2 ± 9.5

HB 26.1 ± 9.9 28.0 ± 10.1 24.2 ± 8.8 30.0 ± 12.0 22.1 ± 16.7 28.1 ± 12.4 25.1 ± 6.6 30.8 ± 13.2 30.0 ± 12.1 24.3 ± 5.0

HF 31.3 ± 12.7 33.6 ± 11.2 31.9 ± 14.1 36.0 ± 10.6 22.3 ± 10.8 24.8 ± 11.1 35.8 ± 14.3 40.5 ± 7.0 30.2 ± 11.9 29.4 ± 12.4

F2-4 (0.50 - 0.75) Hz 

Total C3-4 C3-4, CCS C3-4, BSS C5-6 

Hippotherapy Hippotherapy Hippotherapy Hippotherapy Hippotherapy 
 

Before After Before After Before After Before After Before After 

NO 11.0 ± 5.6 11.0 ± 4.3 10.9 ± 5.9 11.5 ± 4.4 9.8 ± 4.0 10.7 ± 3.1 11.4 ± 6.6 11.9 ± 4.9 11.0 ± 5.2 10.2 ± 4.2

NC 16.3 ± 5.1 16.6 ± 7.1 17.5 ± 5.3 17.4 ± 8.4 18.9 ± 5.7 19.3 ± 7.2 16.9 ± 5.2 16.7 ± 9.0 14.2 ± 4.2 15.2 ± 3.9

PO 12.7 ± 5.4 12.0 ± 5.3 12.5 ± 5.0 12.3 ± 5.4 13.8 ± 5.8 9.8 ± 4.1 11.9 ± 4.8 13.4 ± 5.6 13.2 ± 6.2 11.4 ± 5.3

PC 21.8 ± 6.2 22.2 ± 8.1 22.5 ± 6.6 23.3 ± 8.9 21.3 ± 6.0 23.8 ± 8.9 23.0 ± 7.0 23.2 ± 9.3 20.5 ± 5.3 20.4 ± 6.2

HR 17.8 ± 6.3 15.4 ± 4.6 19.4 ± 6.4 16.0 ± 5.2 18.9 ± 6.1 17.0 ± 6.4 19.5 ± 6.7 15.6 ± 4.6 15.2 ± 5.5 14.4 ± 3.5

HL 16.8 ± 6.4 15.4 ± 6.3 18.4 ± 5.6 16.1 ± 7.1 17.3 ± 4.9 19.9 ± 9.6 18.9 ± 5.9 14.6 ± 5.5 14.0 ± 7.0 14.2 ± 4.6

HB 18.9 ± 9.2 17.1 ± 8.4 20.2 ± 10.2 18.1 ± 9.4 18.5 ± 8.5 18.6 ± 14.2 20.8 ± 11.1 17.9 ± 7.3 16.8 ± 7.0 15.3 ± 6.5

HF 16.3 ± 5.7 14.6 ± 5.1 17.4 ± 6.3 15.1 ± 5.6 18.1 ± 5.9 15.9 ± 6.3 17.1 ± 6.7 14.8 ± 5.6 14.5 ± 4.2 13.6 ± 4.2

Abbreviations: CCS, central cord syndrome; BSS, Brown-Sequard syndrome; NO, head straight with eyes open; NC, head straight with eyes closed; PO, stand-
ing on elastic pads with eyes open; PC, standing on elastic pads with eyes closed; HR, head right with eyes closed; HL, head left with eyes closed; HB, head up 
with eyes closed; HF, head down with eyes closed. Mean ± Standard Error. 

 
kinematics. According to Quint and Toomey [25], these 
results indicate that the movements of a horse at a walk-
ing pace can facilitate pelvic movement in individuals 
with cerebral palsy. They theorized that the simulated 
riding employed in their study may have stretched sub-
jects’ tight pelvic and hip muscles, but it also may have 
facilitated more normalized movement of the pelvis 
while on the mechanical apparatus and enhanced the 
subject’s feed-forward and feedback mechanisms of con-
trol over the pelvis [25]. However, in the present study, 
the SI showed no significant improvement in all test po-
sitions. In other words, the WDI scores of subjects with 
level 3 - 4 injuries and with Brown-Sequard syndrome 

increased significantly. Slow and rhythmic movement 
combined with a gentle stretching of stiff leg muscles 
appears to reduce abnormally high muscle tone and pro-
mote relation. Lechner et al. also reported that hip-
potherapy significantly reduced lower extremity spastic-
ity in individuals with spinal cord injuries, at least for the 
short term [14,18]. The authors evaluated and compared 
spasticity using Ashworth scores and the VAS before and 
after hippotherapy sessions. When patients with spinal 
cord injuries walk and stand, spasticity increases their 
standing stability since spasticity is accompanied by 
muscle hypertonus, providing a “spastic brace” effect. 
Thus, spasticity has a particularly strong effect on the     
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Table 3. The index of standing balance (F5-6, F7-8) before and after hippotherapy in patients with incomplete cervical spinal 
cord injury. 

F5-6 (0.75 - 0.10) Hz 

Total C3-4 C3-4, CCS C3-4, BSS C5-6 

Hippotherapy Hippotherapy Hippotherapy Hippotherapy Hippotherapy 
 

Before After Before After Before After Before After Before After 

NO 4.4 ± 1.8 3.8 ± 1.3 4.2 ± 1.5 3.8 ± 1.4 4.9 ± 1.9 4.1 ± 1.7 4.9 ± 1.9 4.1 ± 1.7 4.7 ± 1.4 3.7 ± 1.2 

NC 8.5 ± 3.0 7.9 ± 2.6 8.7 ± 2.9 8.3 ± 2.4 8.8 ± 3.0 10.5 ± 2.5 8.8 ± 2.9 10.5 ± 2.5 8.2 ± 3.4 7.2 ± 2.9 

PO 4.3 ± 1.4 3.8 ± 1.2 4.5 ± 1.5 3.9 ± 1.36 5.8 ± 1.7 3.6 ± 0.7* 5.8 ± 1.7 3.6 ± 0.7 3.9 ± 1.2 3.7 ± 1.1 

PC 11.0 ± 3.5 11.2 ± 3.7 10.9 ± 3.9 11.8 ± 3.8 10.8 ± 4.0 11.7 ± 2.9 10.8 ± 4.0 11.7 ± 2.9 11.1 ± 3.0 10.2 ± 3.5

HR 7.4 ± 2.9 7.2 ± 3.0 7.0 ± 2.7 7.8 ± 3.2 6.6 ± 2.3 7.8 ± 2.4 6.6 ± 2.3 7.8 ± 2.4 8.2 ± 3.4 6.2 ± 2.5 

HL 7.7 ± 3.4 6.9 ± 3.0 7.6 ± 3.0 7.2 ± 3.0 7.5 ± 1.8 8.7 ± 2.5 7.5 ± 1.8 8.7 ± 2.5 7.8 ± 4.2 6.4 ± 3.1 

HB 7.8 ± 2.8 7.1 ± 2.4 7.7 ± 3.0 7.4 ± 2.3 7.3 ± 0.6 7.9 ± 1.6 7.3 ± 0.6 7.9 ± 1.6 8.1 ± 2.6 6.4 ± 2.5 

HF 7.4 ± 2.5 6.9 ± 3.2 7.3 ± 2.2 7.3 ± 3.2 7.0 ± 1.2 8.9 ± 1.8 7.0 ± 1.2 8.9 ± 1.8 7.5 ± 3.1 6.3 ± 3.3 

F7-8 (0.10 - 3.00) Hz 

Total C3-4 C3-4, CCS C3-4, BSS C5-6 

Hippotherapy Hippotherapy Hippotherapy Hippotherapy Hippotherapy 
 

Before After Before After Before After Before After Before After 

NO 0.7 ± 0.5 0.7 ± 0.6 0.7 ± 0.5 0.8 ± 0.6 0.6 ± 0.5 0.6 ± 0.6 0.8 ± 0.6 0.9 ± 0.6 0.6 ± 0.5 0.6 ± 0.5 

NC 1.2 ± 1.0 1.2 ± 1.1 1.2 ± 1.0 1.3 ± 1.7 1.1 ± 1.0 1.3 ± 1.2 1.2 ± 1.0 1.3 ± 1.2 1.1 ± 1.0 1.0 ± 0.9 

PO 0.9 ± 0.7 0.8 ± 0.6 0.9 ± 0.7 0.8 ± 0.7 1.0 ± 0.8 0.9 ± 0.9 0.8 ± 0.6 0.8 ± 0.6 0.9 ± 0.7 0.8 ± 0.6 

PC 1.7 ± 1.4 1.7 ± 1.6 1.8 ± 1.5 1.9 ± 1.8 1.5 ± 1.2 1.8 ± 1.4 1.9 ± 1.6 2.0 ± 2.0 1.5 ± 1.3 1.3 ± 1.1 

HR 1.1 ± 0.9 1.1 ± 0.9 1.1 ± 0.9 1.2 ± 1.0 1.0 ± 0.7 1.0 ± 0.8 1.2 ± 1.0 1.3 ± 1.1 1.1 ± 1.0 0.9 ± 0.9 

HL 1.1 ± 0.9 1.0 ± 0.9 1.1 ± 1.0 1.2 ± 1.0 1.0 ± 0.8 0.9 ± 0.8 1.2 ± 1.1 1.2 ± 1.1 1.1 ± 0.9 0.8 ± 0.7 

HB 1.3 ± 1.1 1.1 ± 1.1 1.4 ± 1.1 1.3 ± 1.1 1.2 ± 1.0 1.2 ± 1.1 1.5 ± 1.2 1.3 ± 1.2 1.2 ± 1.0 1.0 ± 0.9 

HF 1.2 ± 1.0 1.1 ± 1.1 1.3 ± 1.2 1.2 ± 1.2 1.4 ± 1.3 1.2 ± 1.1 1.3 ± 1.2 1.3 ± 1.3 0.9 ± 0.8 0.8 ± 0.7 

Abbreviations: CCS, central cord syndrome; BSS, Brown-Sequard syndrome; NO, head straight with eyes open; NC, head straight with eyes closed; PO, stand-
ing on elastic pads with eyes open; PC, standing on elastic pads with eyes closed; HR, head right with eyes closed; HL, head left with eyes closed; HB, head up 
with eyes closed; HF, head down with eyes closed. Mean±Standard Error; *p < 0.05. 

 
standing ability of patients with spinal cord injuries, as 
they have weak extremities [26]. According to these re-
sults it may be hard to maintain the positive effects of 
hippotherapy, including patients’ reduced tightness, re- 
laxation, and spasticity in their lumbar-hip-pelvic mus-
cles in a standing position. Unfortunately, we did not 
analyze lumbar-hip-pelvic spasticity and muscular activ-
ity in this study. Therefore, future research should be 
done to provide further clarification. According to Heine 
[27], greater pelvic displacement increases somatosen-
sory input though the joints and muscles during hip-
potherapy. Also, the movement through space involved 
in hippotherapy also provides a constantly changing vis-

ual flow and increases the demands placed on an indi-
vidual’s vestibular system [27,28]. In the present study, 
subjects neurologic of level of 3 - 4 with central cord 
syndrome showed significant decreases at a frequency 
range of F5-6 in test position PO as well as on their WDI 
scores in test position PC. In the test positions PO and 
PC, the somatosensory input was typically blocked, in-
dicating that the activation of the vestibular system may 
compensate for somatosensory deficits. Thus, hippother-
apy seems to activate the vestibular system to help pa-
tients maintain balance in a standing position. In previous 
studies, balance and postural control were achieved as a 
result of integrating various multisensory processes. In     
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Table 4. The index of standing balance (WDI, SI) before and after hippotherapy in patients with incomplete cervical spinal 
cord injury. 

Weight Distribution Index (WDI) 

Total C3-4 C3-4, CCS C3-4, BSS C5-6 

Hippotherapy Hippotherapy Hippotherapy Hippotherapy Hippotherapy 
 

Before After Before After Before After Before After Before After 

NO 8.2 ± 3.5 7.8 ± 2.3 7.3 ± 1.3 7.8 ± 1.4 7.5 ± 1.2 7.9 ± 2.2 7.2 ± 1.4 7.8  ± 1.3 9.7 ± 5.7 7.8 ± 3.7 

NC 8.6 ± 3.2 8.4 ± 2.6 9.0 ± 3.3 8.4 ± 2.1 7.2 ± 0.8 7.8 ± 1.4 9.7 ± 3.8 8.7 ± 2.4 7.9 ± 3.3 8.2 ± 3.8 

PO 6.7 ± 2.6 8.4 ± 3.7 6.5 ± 1.7 8.0 ± 3.4 6.2 ± 1.5 8.3 ± 1.7 6.6 ± 1.9 7.9 ± 4.1 7.2 ± 4.1 9.0 ± 4.6 

PC 7.1 ± 2.4 7.8 ± 3.4 6.6 ± 1.8 7.3 ± 2.8 8.1 ± 1.3 5.8 ± 0.3* 6.0 ± 1.7 7.9 ± 3.2 8.0 ± 3.3 8.6 ± 4.6 

HR 7.6 ± 3.0 8.8 ± 3.5 7.1 ± 2.5 9.1 ± 3.0 8.6 ± 0.6 7.8 ± 0.1 6.5 ± 2.8 9.6 ± 3.5 8.6 ± 4.1 8.4 ± 4.7 

HL 8.9 ± 4.1 9.8 ± 3.7 9.4 ± 4.5 10.6 ± 3.3 9.6 ± 2.4 8.3 ± 0.0 9.3 ± 5.4 11.5 ± 3.5 8.0 ± 3.8 8.3 ± 4.5 

HB 7.8 ± 2.9 9.4 ± 4.2 7.9 ± 2.6 10.4 ± 4.1 9.6 ± 0.8 8.4 ± 0.4 7.3 ± 2.8 11.2 ± 4.8 7.6 ± 4.0 7.6 ± 4.2 

HF 7.0 ± 3.5 8.9 ± 2.5 6.7 ± 3.7 9.1 ± 1.5 8.1 ± 0.5 8.7 ± 0.0 6.1 ± 4.3 9.3 ± 1.9 7.6 ± 3.7 8.4 ± 4.0 

Stability Index (SI) 

Total C3-4 C3-4, CCS C3-4, BSS C5-6 

Hippotherapy Hippotherapy Hippotherapy Hippotherapy Hippotherapy 
 

Before After Before After Before After Before After Before After 

NO 22.2 ± 5.3 20.2 ± 5.2 44.5 ± 5.9 45.1 ± 12.1 24.3 ± 1.6 23.7 ± 6.6 21.3 ± 5.2 21.2 ± 4.5 22.2 ± 7.3 18.6 ± 5.9

NC 43.5 ± 8.9 42.9 ± 12.6 22.2 ± 4.5 21.9 ± 4.7 39.7 ± 6.3 53.2 ± 9.7 46.4 ± 5.0 41.9 ± 12.4 41.8 ± 13.9 39.1 ± 14.4

PO 27.0 ± 5.5 24.6 ± 5.1 26.9 ± 6.6 25.3 ± 5.4 31.6 ± 1.6 26.0 ± 4.0 25.0 ± 7.0 25.0 ± 6.2 27.3 ± 3.9 23.4 ± 5.3

PC 58.4 ± 10.1 57.6 ± 17.9 59.2 ± 10.5 62.1 ± 20.7 53.2 ± 11.7 57.0 ± 0.9 61.6 ± 10.2 64.2 ± 25.0 57.0 ± 10.8 48.6 ± 8.6

HR 39.7 ± 10.5 38.0 ± 11.3 39.5 ± 9.7 39.6 ± 11.9 31.9 ± 1.2 37.1 ± 3.0 42.6 ± 1.0 40.6 ± 14.3 39.9 ± 13.5 35.1 ± 11.2

HL 39.8 ± 13.2 35.4 ± 14.3 40.0 ± 16.1 38.0 ± 16.2 35.5 ± 3.3 38.8 ± 2.5 41.7 ± 19.2 37.3 ± 19.7 39.7 ± 8.1 30.7 ± 10.7

HB 42.3 ± 11.2 40.3 ± 11.3 42.6 ± 13.2 42.8 ± 12.1 38.7 ± 0.5 40.0 ± 4.5 44.1 ± 15.9 44.0 ± 14.5 41.8 ± 8.3 36.0 ± 9.6

HF 41.2 ± 9.9 37.8 ± 13.9 42.8 ± 11.4 41.7 ± 15.5 47.0 ± 4.5 45.0 ± 2.2 41.1 ± 13.2 40.4 ± 18.7 38.3 ± 7.1 31.1 ± 8.3

Abbreviations: CCS, central cord syndrome; BSS, Brown-Sequard syndrome; NO, head straight with eyes open; NC, head straight with eyes closed; PO, stand-
ing on elastic pads with eyes open; PC, standing on elastic pads with eyes closed; HR, head right with eyes closed; HL, head left with eyes closed; HB, head up 
with eyes closed; HF, head down with eyes closed. Mean±Standard Error; *p < 0.05. 

 
the present study, rather than activating the somatosen-
sory system, hippotherapy treatment primarily activated 
the vestibular system for standing balance. Also, based 
on the present findings, movement of the lumbar-hip- 
pelvic complex immediately after hippotherapy appears 
to be hard to maintain in a standing position. The present 
study trained hippotherapy. Improved particularly stand- 
ing balance, but the present study resulted in cannot im- 
prove standing balance with incomplete cervical spinal 
cord injury. In the present investigation, our goals were 
realized in that subjects improved their standing balance, 
decreased their risk of falling, and increased their activi-
ties of daily living. However, the small number of par- 

ticipants, the short intervention period, and the lack of 
concern about spasticity in the present study make it dif-
ficult to state with confidence that hippotherapy would 
improve the standing balance of all patients with income- 
plete cervical spinal cord injuries. Therefore, further 
studies that include longer intervention periods are nec-
essary. 
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