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 abstract 
 Background:  This research aimed to determine the impact of horseback riding on the balance ability of first-grade 

students.

 Material and methods:  Fifty-eight students were divided into two sub-groups: twenty-eight riders and thirty non-riders. The 
subtest of balance is composed of nine items which were grouped into five variables: Total balance, 
Static balance, Dynamic balance, and Open and Closed eyes balance. The Mann-Whitney U test was 
used to determine the significance of the difference between the groups, and the strength of the effect 
of intergroup differences was determined using the Cohen criteria.

 Results:  The results showed that there were statistically significant differences between groups in Total balance, 
Static, and Balance with closed eyes. Cohen's criterion indicates that there was a strong effect of 
intergroup differences in performance demanding balance tasks of 7-year-old children.

 Conclusions:  It can be observed that horseback riding has the effect of reducing the difference between the maximum 
and minimum balance points by enhancing competencies at the minimum level.

 Key words: static balance, dynamic balance, motor efficiency.
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introduction 
During growth and development, morphological and physiological changes that occur 
are linked by successive stages determined by the interaction of hereditary and external 
factors, leading to psychophysical changes in children [1]. Balance, as a motor ability, with 
a high coeffcieent oof heeeeintty, haas nthe ntaassk oof  aientaieieg a asntaabe aoet  oasnttee  hee  
moving or at rest with a fundamental role in the development of movement [2]. The process 
of establishing and maintaining balance activates neuromuscular processes controlled by 
sensory stimulation, processing by the central nervous system with the neuromuscular 
response [3]. Fatigue, age, gender, weight, height, the amount of support, emotional status, 
degree of physical activity and motor development, injuries, health status, condition of 
nthe veasntiatbae a  aeanttasy, asntante oof viasioe aee ntacntibe aeabtzeeasy, aee abb ofacntoeas nthant affecnt 
balance [4,5]. Researchers emphasize that physical activity in the form of customized 
as oentas  eogea as ofoe chibeeee asigeificaentbt ieflteeceas nthe eevebo  eent oof a baege vobt e 
of motor knowledge and skills. Thus, researchers have found that the role of balance is 
particularly pronounced in sporting activities and enhancing sports performance [6, 7].

Horseback riding requires a subtle physical and mental skill, followed by delicate two-
way communication [8], during which the horse disrupts the rider's balance while the 
rider is in charge of maintaining the balance and of properly distributing the weight. In 
this sport, the horse and rider are partners, while managing the trajectories is crucial 
[9]. The authors of the studies point out that the dominant factors for establishing and 
maintaining the posture of the body on the horse are the balance and general physical 
finteeasas oof nthe eieee [10–12]. The  ei aet goab oof nthe eieee ias aeeqtante  tascbe coenteacntioe 
during riding to stabilize the body from a labile balance position as well as to control and 
maintain proper posture [13]. Several studies indicate that children of both sexes start to 
eiee eqtabbt ant nthe age oof five nto asix [14–18]y, atnt ntheee ias asntibb a bacsk oof ieveasntigantioeas. Thias 
eeaseaech ai as nto eentee iee  henthee ntheee ias a asntantiasnticabbt asigeificaent eiffeeeece ie nthe 
balance of children involved in riding compared to the control group of children, namely 
 henthee eieieg haas ae i  acnt oe nthe eevebo  eent oof aabaece ie fieasnt-geaee ebe eentaet 
school children.

material and methods 
sample of respondents 
Fiofntt-eighnt asntteeentas (Mage =6.88±0.38 teaeas; M aoet heighnt = 127.18±4.23 c ; M aoet 
mass = 27.29±4.19 kg) volunteered for the study. They were divided into two sub-samples, 
ie. nto a geot  oof e=28 (M aoet heighnt 127.73±3.49 c ; M aoet  aasas = 27.24±3.79 skgy, 
BMI 16.79±1.69) students who have been practicing horseback riding for one year, twice 
a  eesk ofoe 30  ietnteas eachy, aee asntteeentas e=30 (M aoet heighnt 127.22±4.88 c ; M 
aoet  aasas = 27.34±4.60 skg; 17±2.28)  ho eo eont  eacntice eieieg. Abb eeas oeeeentas  eee 
eeeobbee ie eegtbae  htasicab eetcantioe cbaasaseasy, ntheee hoteas  ee  eesk. Abb eeas oeeeentas  eee 
clinically healthy and had no locomotor obstruction at the time of the measurement nor 
any other medical interference that would limit or interfere with the performance of the 
tests. Parents gave their consent to be tested and all respondents voluntarily participated 
in the measurement and testing. 

sample of instruments 
The sample of measuring instruments consisted of the measurements for the body 
composition according to the protocol of the International Biological Program (IBP). 
Physical characteristics of the sample were estimated using the following parameters: 
Boet heighnt - TV (c )  aas  eaasteee at a  entee  inth ae accteact oof 0.1 c ; Boet  aasas 
–TM (skg)  aas  eaasteee  inth a Boet Co  oasintioe Moeintoe BF511 (OMRON) ascabey,  hich 
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is used for children at the age of six and older, which allows the measurement accuracy 
oof 0.1 skgy, aee Boet Maasas Ieeex (BMI) (skg/ ²)  aas cabctbantee tasieg nthe ofoe tba:

BMI =  eighnt (skg) / heighnt ( ²) ofoe chibeeee.

The astanteasnt Babaece oof nthe BOT-2 nteasnt ofoe chibeeee'as  ontoe  eeofoe aece (19)  aas a  biee nto 
evaluate the balance. The subtest of balance is composed of nine items: Standing with Feet 
A aent oe nthe Liee – Eteas O eey, Wabskieg ofoe aee oe nthe Lieey, Sntaeeieg oe Oee Leg oe nthe 
Liee – Eteas O eey, Sntaeeieg  inth Feent A aent oe nthe Liee – Eteas Cboaseey, Wabskieg Foe aee Heeb-
nto-Toe oe nthe Lieey, Sntaeeieg oe Oee Leg oe nthe Liee – Eteas Cboaseey, Sntaeeieg oe Oee Leg oe 
nthe Babaece Bea  – Eteas O eey, Sntaeeieg Heeb-nto-Toe oe nthe Babaece Bea y, aee Sntaeeieg oe 
Oee Leg oe nthe Babaece Bea  – Eteas Cboasee. Inte as  eee geot ee iento five vaeiaabeas: Tontab 
aabaecey, Sntantic aabaecey, Dtea ic aabaecey, O ee eteas aabaece aee Cboasee eteas aabaece.

experiment description and operating conditions 
In this paper, a transversal research model was applied. Testing of a sample of non-riding 
children was conducted during regular physical education classes while testing a sample 
of children who were enrolled in horseback riding, was conducted at the Impuls Plus 
Eqteasnteiae Cbta. The astajecntas  eee veeaabbt ex baieee aee givee a  eacnticab ee oeasnteantioe 
on how to perform each test. Before the testing began, the respondents warmed up for 
10  ietnteas teeee nthe gtieaece oof  eoofeasasoeasy, coacheasy, aee vobtenteeeas. Abb eeas oeeeentas 
were tested under identical conditions and in the same order under the guidance of 
professors, coaches, and volunteers. During the measurement, the respondents were 
not wearing shoes, while during testing in they were equipped with adequate physical 
education equipment for the physical education classes, wearing sneakers and sweatpants. 
Measurement and testing were assisted by trained volunteers, who were thoroughly 
familiar with the protocol before measuring and testing. The study was conducted following 
nthe Decbaeantioe oof Hebasieski aee a  eovee at nthe Enthicas Co  intntee oof nthe Factbntt oof S oentas 
aee Phtasicab Eetcantioe ie Niš (Nt aee 04-2115).

statistical analysis 
Abb eanta  eee  eoceasasee at nthe asntantiasnticab  eogea  “SPSS 19.” aee aaasic asntantiasnticab 
parameters were calculated for examined variables. The distribution of normality of the 
eeastbntas  aas exa ieee at nthe Kob ogoeov-S ieeov nteasnty,  hibe nthe Mae-Whinteet U nteasnt  aas 
tasee nto eentee iee nthe asigeificaece oof nthe eiffeeeece aent eee nthe vabteas oof nthe  eeiae aee 
nthe aeinth entic  eae oof nthe asa  be. The nthe asnteeegnth oof nthe effecnt oof ienteegeot  eiffeeeeceas 
 aas eentee ieee tasieg nthe Cohee ceinteeia.

results  
Table 1 shows the values of the central and dispersion parameters of the applied balance 
tests. The normality of the results for the variables was determined using the Kolmogorov-
S ieeov nteasnt aee nthe aasast  ntioe oof eoe abintt oof eiasnteiatntioe  aas coefie ee ofoe abb vaeiaabeas. 

Table 1. Descriptive statistics and normality of distribution

Variable Mean SD Skew. Kurt. KS test
Non-riders (n=30)

Total Balance score 30.77 3.20 -0.30 0.28 0.68
Static Balance 22.93 3.13 -0.25 0.27 0.62
Dynamic Balance 7.63 0.67 -1.64 1.45 2.42
Open Eyes Balance 22.43 1.75 -1.5 1.93 1.61
Closed Eyes Balance 8.13 2.16 0.59 -0.58 0.94
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Variable Mean SD Skew. Kurt. KS test
Horseback riders (n=28)

Total Balance score 34.28 1.67 0.12 -1.25 0.91
Static Balance 26.00 1.78 0.08 -0.83 0.63
Dynamic Balance 7.50 0.84 -2.84 10.81 1.75
Open Eyes Balance 22.79 1.32 -1.26 1.42 1.29
Closed Eyes Balance 10.71 1.39 0.06 -0.60 0.89

Mean – arithmetic mean, SD – standard deviation, Skewness – value of asymmetry, Kurtosis – flattening, KS test – 
Kolmogorov-Smirnov test.

Ie oftenthee aeabtasias (Taabe 2)y, Maee-Whinteet U nteasnt eeastbntas eeveabee a asigeificaent eiffeeeece 
ie nthe Tontab Babaece Scoeey, Sntantic Babaecey, aee Cboasee-Eteas Babaecey, aent eee nthe eieee 
aee eoe-eieee geot  oof chibeeee ant nthe asigeificaent beveb (  <0.05). 

Taabe 2. Mae-Whinteet U nteasnt aee Cohee'as ceinteeioe

Variable Man-Whitney U (Z) Sig. Cohen's criterion r
Total Balance score -4.43 0.00 -0.58 0.6
Static Balance -3.95 0.00 -0.52 0.6
Dynamic Balance -7.93 0.43 -0.10 0.1
Open Eyes Balance -0.55 0.58 -0.07 0.1
Closed Eyes Balance -4.40 0.00 -0.58 0.6

Sig. – (2-tailed) significance level (p), Z – value of approximation. r – size of influence

The  ageinttee oof nthe eiffeeeeceas (e) oof nteasnt vaeiaabeas  aas cabctbantee tasieg nthe ofoe tba e = Z / √N.  
(N ias nthe ntontab et aee oof eeas oeeeentas – 58) accoeeieg nto Cohee'as ceinteeia (0.1 = as abb 
ieflteecey, 0.3 =  eeit  ieflteece aee 0.5 = baege ieflteece). Int cae ae coecbteee nthant 
riding contributes to the improvement with a large impact of the variables Total Balance 
Scoeey, Sntantic Babaecey, aee Cboasee-Eteas Babaece.

Coeasieeeieg nthe eeastbntas ie Taabe 2y, nthe Maee-Whinteet U nteasnt asho ee a asntantiasnticabbt 
asigeificaent eiffeeeece aent eee ntheee vaeiaabeas oof aabaece ant a asigeificaece beveb oof 0.05. 
Median and arithmetic mean (Mean) in Table 1 emphasize better results in riding students 
nthae eoe-eieieg asntteeentas aee abaso asho  a  oasintive eieecntioe oof eieieg ieflteece oe aabaece 
eevebo  eent. Cohee'as ceinteeia (e = 0.58) ieeicante a baege effecnt oof ienteegeot  eiffeeeeceas. Int 
cae ae oaaseevee nthant hoeaseaacsk eieieg haas nthe effecnt oof eeetcieg nthe eiffeeeece aent eee nthe 
maximum and minimum balance points by enhancing competencies at the minimum level.

discussion 
The results of the study showed that a thirty-minute, twice a week riding exercise program 
ofoe nthe  ei aet aschoob chibeeee ievobvee ie nthe fieasnt teaey, i  eoveas asntantic aee etea ic 
balance, because the respondents showed better test results, compared with a non-riding 
geot  oof chibeeee. Siece nthe eeaseaech ias eont boegintteieaby, nthease eeastbntas  tasnt ae coefie ee 
in future studies. The riding program was tailored to the individual competencies of the 
child to the extent necessary so that it was implemented through play, in order not to 
oveeateeee nthe chibey, atnt nto  eoetce  oasintive  eeasiasnteent effecntas [20]  hich geaetabbt bee nto 
i  eove eentas ie nthe oftbb coenteob oof ca aaibintieas [21]  inth nthe effecnt oof i  eovieg aabaece. 
The eeastbntas oantaieee ie nthias asnttet astggeasnt nthant nthe tase oof nthe BOT-2 asta-nteasnty,  hich  aas 
used to evaluate balance, is potentially useful for monitoring changes in balance as an 
indicator of pedestrians’ stability. Balancing also leads to enhancement of motor interaction 
between a rider and the horse [22]. 
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Hoeaseaacsk eieieg eeqtieeas nthe eieee'as aaibintt nto asntaaibize hias/hee aoety, ete nto nthe boasas oof 
balance, caused by the movements of the horse's body. It must be emphasized that the 
periodic nature of the movement of the horse plays an important role in the mobilization 
of the rider's competencies to achieve dynamic coordination of the rider with the horse. 
Theotgh a co aieantioe oof  tasctbanttee aee beaeeieg effecnty,  oee ex eeieecee eieeeas eonticee 
an additional decrease in balance-induced amplitude of body movement characteristic of 
less experienced riders [13]. During the walking movement of the horse, for each step, 
the rider's body is pulled out of the balance twice relative to the transverse axis with a 
combined twisting motion around the vertical axis [23]. Deriving from the balance due to 
the three-dimensional equine movement requires the rider to stabilize the torso from the 
labile balance position and maintain postural status [13, 24] relying on a small contact 
surface of stirrups of the most common dimensions 4.5 x 12 cm. The concept of balance 
is based on a synergistic relationship between the musculature of the body, legs, joints, 
impulses of visual control, the vestibular and somatosensory systems and the response 
of the body in phase timeline with the use of supports: the hinges of the rider, through 
which the vertical force is exerted through the vertical movement of the horse's body up 
aee eo ey, aee nthe eieee’as  eighnty, ntheotgh intas flexiaibintt aee eeeteaece oe nthe asntieet asy, 
maintains the rider’s balance position. The fact that the rider must adapt to the horse 
in a phased manner contributes to the development of all designated balance systems. 
Lagaeee ent ab. [23] e  haasize nthant nthe hoease–eieee eebantioe co  eeheeasivebty, as antiabbt aee 
temporarily activates the rider’s sensory-motor system, activating the brain rhythms of 
iasobantee aeaie eegioeas [23]. The aaibintt nto acco  biash nthias ntaassk ieflteeceas nthe eevebo  eent 
of balance [25].

Rieieg exeeciaseas have a  oasintive effecntas oe nthe eevebo  eent oof aabaecey, aas asho e ie nthias 
study because the primary goal of the rider’s muscle contraction during riding is to stabilize 
the rider, control and maintain posture, and coordinate the rider’s movements, rather than 
to produce muscle strength [13]. During movement, dynamic horse movements improve 
 tasctbae coenteacntioeas  inth eeflex asnteeasaseasy, etea ic  oasntteab aabaecey, asntaaibize joientasy, 
aentici antioey, aee coenteob oof aabaece ie eieeeas [26]. Chibeeee aas toteg aas asevee have eo 
strength in basic musculature. Riding exercises improve strength and, as a result, there is 
ae i  eove eent ie aabaece ie chibeeee eieeeasy,  hich  at cbaeioft nthe eiffeeeece ie aabaece 
between the experimental and the control groups in this research.

Rhtnth ic aee ee entintive  ove eentas oof nthe hoease ie  ontioe asnteoegbt affecnt  eo eioce ntive 
stimulation, also stimulating the upper-system of the motor neurons and entering 
information similar to patterns of pelvic movement while walking [26], thus improving 
aabaece. Catasee at nthe ehtnth ic  ove eentas oof nthe hoease eteieg vaeiotas asnteoskeasy, nthe 
muscles of the lower extremities, abdomen, back, and pelvis are constantly activated 
[13, 27, 28] applying the same movement pattern and resisting the force of gravity to 
establish and maintain a posture on a horse. Improved balance is a result of the activation 
of strengthened muscles and joints and helps to establish and maintain static and dynamic 
 oasntteab asntaaibintt [26] aas  ebb aas nto i  eove geeeeab finteeasas. Thias asnttet astggeasntas nthant 
eieieg affecntas aabaece i  eove eenty,  hich cae ae ofotee ie nthe vie as oof onthee atnthoeas 
who emphasize that better control of the body muscles increases the proprioceptive and 
veasntiatbae oftecntioeas ieetcee at eieieg exeeciase aee haas a  oasintive effecnt oe i  eovieg 
balance [29]. The conclusion of this research that riding improves balance is also found 
ie nthe asnttet oof Lagaeee ent ab. [23] coeetcntee oe ex eeieecee aee beasas ex eeieecee eieeeasy, 
indicating decreased phase mobility of the body in the sagittal, vertical and horizontal 
planes of experienced riders, suggesting that riding exercises lead to better balance [23]. 
A oeg onthee nthiegasy, nthe coiecieeece oof nthe  eeioe oof ieintiab  ontoe asskibbas as eciabizantioe [30] 
and the period of riding practice leads to better balance in riding children.
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conclusion 
Thias nteaeasveeasab eeaseaech  aas coeetcntee nto eentee iee  henthee ntheee ias a eiffeeeece ie 
aabaece a oeg fieasnt-geaee asntteeentas  hoy, ie aeeintioe nto  htasicab eetcantioey,  eacntice eieiegy, 
as compared to non-riding students. Based on the analysis of the results of this research, 
int cae ae coecbteee nthant ntheee ias a asntantiasnticabbt asigeificaent eiffeeeece ie nthe et eeicab 
vabteas oof aabaece aent eee fieasnt-geaee ebe eentaet aschoob asntteeentas  hoy, aeasieeas  htasicab 
education classes, also practice horse riding, and students who attend only regular physical 
eetcantioe cbaasaseas. Theeeofoeey, ht ontheasias H0 cae ae acce ntee. Int cae ae coecbteee nthant 
nthe co aieee effecnt oof eieieg  eogea as aee  htasicab eetcantioe cbaasaseas beaeas nto a aentntee 
improvement in balance compared to the physical education program, and that riding has 
a geeant ieflteece oe nthe eevebo  eent oof aabaecey,  heeeat ht ontheasias H1 cae ae acce ntee. 
From the riding theory, although the balance is highly genetically conditioned, this study 
indicates that an additional program of riding exercises, twice a week, for one year, in 
addition to regular physical education, can improve balance. 

limitation 
A bi intantioe oof nthias asnttet ias nthe ieaaibintt nto geeeeabizey, ete nto nthe as abb et aee oof 
transversal research respondents, suggesting that research should be conducted on a 
baegee ee eeaseentantive et aee oof asa  beas nto coefie  nthe aasasociantioe aee ieflteece oof eieieg 
exercise on balance. The results of this study could be used in future research into the 
development of motor skills in students and their relationship to riding, although studies 
exploring the impact of riding exercise on balance are still lacking.
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