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Abstract

Introduction: Ageing processes are accompanied by degenerative changes within all functional and anatomical sys-
tems. These changes affect postural stability. This study sought to compare balance and fall risk indexes taking into 
account the age of the participants.

Material and methods: The study included female members (n = 59) of the University of the Third Age (U3A) set up 
at the University of Physical Education in Warsaw. The participants were divided into five age groups: 1 (60–64 years), 2 
(65–69), 3 (70–74), 4 (75–79) and 5 (>80). Biodex Balance System was applied in the study. The overall stability index 
(OSI), the anteroposterior stability index (APSI), the mediolateral stability index (MLSI) and the fall risk test were used 
in the analysis. The participants performed tests that involved standing on both feet with eyes open and closed on a stable 
surface as well as standing with eyes open on an unstable surface. ANOVA was used to assess balance with regard to age. 
U Mann-Whitney test was employed to compare groups in terms of balance and the fall risk (p < 0.05).

Results: The oldest group demonstrated the worst balance performance with eyes open: OSI – 0.70 ± 0.47; APSI – 
0.49 ± 0.30; MLSI – 0.37 ± 0.43. The best values of balance performance were manifested by the subjects aged 65–69: 
OSI – 0.36 ± 0.13; APSI – 0.25 ± 0.08; MLSI – 0.18 ± 0.11. Compared to eyes-open conditions, the tests performed with 
eyes closed revealed the smallest differences between the groups in OSI. The lowest fall risk was noted in groups 1 and 2. 
The highest fall risk index was found in group 4.

Conclusions: The findings of the study show that older adults depend on their vision when keeping balance. Physical 
activity exerts a positive influence on their balance and reduces the risk of falling. However, balance performance dete-
riorates and the fall risk increases with ageing.
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Introduction

Ageing processes are accompanied by degenerative 
changes within all functional and anatomical systems. 
They are caused by tissue ageing as well as inhibiting 

biological processes, metabolism and regenerative 
processes [1–3]. Ageing leads to a decrease in muscle 
strength, volume and mass as well as a reduction in mus-
cle fibres and changes within motor units [4]. All this 
results in a gradual impairment of motor and postural 
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functions that affects postural stability directly [1]. 
Proper postural stability requires constant physiological 
regulation of the complex set of receptors that include 
the vestibular and visual systems, proprioceptors, hap-
tic and pressure receptors. Impulses that reach such ef-
fectors as trunk, limb and extraocular muscles produce 
involuntary reactions that help to control body posture 
[5]. Keeping balance is possible owing to a continuous 
active postural regulation using the balance system that 
counterbalances destabilising factors in a static and dy-
namic manner through the activation of proper muscle 
groups [1]. Balance is the ability to maintain the grav-
ity centre of the body in the base of the support [6]. It 
is the state in which forces that influence the body and 
their moments become similar, and their certain level is 
needed when performing activities of daily living and 
taking up physical activity [7]. 

In older adults, balance disorders may be caused by 
dysfunctions of any element responsible for its control, 
as it deteriorates with ageing. These processes are ac-
companied by the inhibition of motor reactions as well 
as delayed reactions to stimuli that affect balance, which 
may increase the risk of falling [8,9,10]. 

The problem of balance loss becomes more evident 
with ageing. In individuals aged 50–60, it is 14%, in 
septuagenarians – 22%, while in persons aged 80 or 
older – 33%. In older adults, the majority of falls oc-
cur when moving. Most frequently, older adults fall as 
a result of a forward loss of balance caused by tripping 
(60%). Persons aged 65 or older are 7 times more prone 
to suffer a fatal fall than young individuals. However, 
only 5-15% of falls result in serious head injuries, frac-
tures, sprains or soft tissue damage [1,11,12].

A lot of studies on balance in older adults confirm 
the hypothesis that balance abilities deteriorate and the 
risk of falls increases with ageing. Wojciechowska-
Maszkowska compared the values of stabilogram pa-
rameters in persons aged 22 to 86. The subjects were 
divided into 3 groups: students, middle-aged persons 
and older adults. All of them performed tests on a ten-
sometric platform. It was noted that postural stability 
(mainly in the coronal plane) decreased with ageing. 
Also, the study revealed considerable differences in 
the results in the oldest group. The main conclusions 
of the study are that lower limb asymmetric loading as 
well as insufficient strength of postural muscles were 
found in older adults [13]. A similar division of study 
participants into age groups was implemented by Abra-
hamova, who sought correlations between age and the 
centre of pressure (CoP) in 81 individuals aged 20–82. 
The tests were carried out in eyes-open and eyes-closed 
conditions on both hard and soft surfaces. The big-
gest changes in CoP parameters were noted in older 
adults, particularly in tests that limited the functioning 

of somatosensory receptors. A gradual increase in body 
sways was observed in persons over 60 years of age 
[4]. Wiszomirska et al. assessed balance in 67 women 
divided into 3 groups: younger women, older women 
and women with visual impairments. The tests were 
performed using AccuSway and Biodex Balance Sys-
tem platforms. As expected, older women were outper-
formed in dynamic conditions. However, in static tests, 
their scores were also worse but they were not statisti-
cally significant. Under eyes-closed conditions, the best 
performance was noted in persons with visual impair-
ments. The study pointed to greater sensitivity of dy-
namic tests compared to static ones [10]. Sieńko et al. 
investigated postural stability and the risk of falls per 
decade of adult life. The participants (n = 50) aged 20 
to 70 were divided into five age sub-groups. The meas-
urements were carried out using the Biodex Balance 
System platform. As predicted, age of the participants 
affected their balance and increased the fall risk. The 
largest differences were found between the youngest 
and the oldest group. It turned out that the risk of falls 
increased over 50 years of age. The main conclusion 
pointed to the earlier occurrence of changes in dynamic 
balance functions compared to static balance. It may in-
dicate the need to implement preventive exercises at an 
earlier stage of life [14]. 

A number of studies have compared balance para-
meters between young or middle-aged individuals and 
older adults. The division into more specific age groups 
is not common. There is also a scarcity of research ma-
king use of balance tests under eyes-closed conditions. 
Thus, the role of vision in controlling postural stability 
is omitted. This study sought to compare balance and 
fall risk indexes taking into account the age of the par-
ticipants. 

Material and methods

The study included female members of the Univer-
sity of the Third Age (U3A) set up at the University 
of Physical Education in Warsaw who had belonged 
to U3A for at least two years. This U3A offers a wide 
variety of physical activity classes. The study was ap-
proved by the Ethics Committee of the University of 
Physical Education in Warsaw (SKE 01-60/2017) and 
it was completed within statutory activities of the Uni-
versity of Physical Education in Warsaw (no. DS. 292) 
financed by the Polish Ministry of Science and Higher 
Education. All the participants gave their written in-
formed consent after being provided with an explana-
tion of the risks and benefits resulting from participating 
in this study. They had the option to withdraw from the 
study at any time. Fifty-nine women aged 60 or older 
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took part in the study. In order to assess their balance 
performance in age categories, they were divided into 
5 groups (Tab. 1). 

To exclude any balance disorders, the participants 
performed static and dynamic tests of Unterberger, Ba-
biński-Weill and Romberg [15]. In all the tests, the re-
sults were negative. The women did not report any or-
thopaedic conditions or pains that would prevent them 
from taking part in the study. To be able to participate 
in sports activities organised by U3A, it is necessary to 
provide a proper medical certificate. During the study, 
no data concerning any coexisting diseases (arteriosc-
lerosis, diabetes, neurological disorders, etc.) were col-
lected. The Biodex Balance System SD platform with 
stable and unstable surfaces was used in the study. The 
platform was connected to the Medical System Biodex 
Inc. software that made it possible to measure sways in 
each axis. The overall stability index (OSI), the antero-
posterior stability index (APSI), the mediolateral stabi-
lity index (MLSI) and the fall risk test were used in the 
analysis. High values of the indexes point to large body 
sways and poorer balance performance. The following 
tests were performed on the Biodex platform:
1.	 Standing on both feet with eyes open on a stable sur-

face
2.	 Standing on both feet with eyes closed on a stable 

surface
3.	 Fall Risk Test [16]

Statistical analysis of the data gathered was perfor-
med using STATISTICA (v.13). Kolmogorov-Smirnov 
test was used to evaluate the data for normal distribu-
tion. ANOVA was applied to assess balance performan-
ce with regard to age. Non-parametric U Mann-Whit-
ney test was employed to compare the groups in terms 
of balance performance and the fall risk (p < 0.05).

Results

Group 5 (over 80 years of age) demonstrated the 
worst balance performance with eyes open: OSI – 
0.70 ± 0.47; APSI – 0.49 ± 0.30; MLSI – 0.37 ± 0.43. 

The best values of balance performance were manife-
sted by group 2 (65–69 years): OSI – 0.36 ± 0.13; APSI 
– 0.25 ± 0.08; MLSI – 0.18 ± 0.11 (Fig. 1).

Compared to eyes-open conditions, the tests per-
formed with eyes closed revealed smaller differences 
between the groups in OSI. The poorest balance perfor-
mance in APSI was observed in group 4 (APSI: 1.20), 
whereas the best one was noted in group 1 (APSI: 0.81). 
When it comes to MLSI, groups 2 and 4 had the same 
mean scores (MLSI: 0.56), and these results were the 
best. The worst score in MLSI was achieved by group 3 
(MLSI: 0.75) (Fig. 2)

The lowest fall risk was noted in groups 1 (1.89) and 
2 (1.87). The highest fall risk was observed in group 4 
(3.84) (Fig. 3).

Based on the test results, balance performance dif-
fered between individuals from particular age groups. 
The largest number of statistically significant differen-
ces was found when comparing groups 2 and 4. The dif-
ferences occurred in OSI under eyes-open conditions, 
in all balance indexes (OSI, APSI, MLSI) under eyes-
closed conditions and in the fall risk index. Statistical-
ly significant differences were noted when comparing 
groups 2 and 5 as well as groups 4 and 5. The compa-
rison between groups 1 and 4 as well as groups 2 and 
3 revealed one significant difference in the parameters 
under examination (Tab. 2).

Discussion

Numerous studies have revealed that balance per-
formance deteriorates with ageing [4,10,13,14]. Due 
to involutional changes, muscle mass and strength de-
crease. It stems from a decline in the neuromuscular 
and skeletal system performance and a  reduction in 
physical activity among older adults [1,10]. A  lot of 
scientists deal with the issues of balance disorders and 
the fall risk as well as their prevention in older adults 
[17–20]. These activities aim to prevent the consequ-
ences of falls and, as a result, reduce the costs of he-
alth care [10].

Group [age] n Age [yrs] Body height [cm] Body mass [kg]
1 (60–64) 14 63.0 ± 1.36 160.71 ± 6.16 64.0 ± 7.05
2 (65–69) 19 67.4 ± 1.46 159.74 ± 4.62 63.8 ± 6.75
3 (70–74) 10 72.1 ± 1.45 158.30 ± 4.97 64.0 ± 6.87
4 (75–79) 7 75.6 ± 0.53 156.67 ± 6.80 64.2 ± 6.92
5 (≥80) 9 82.2 ± 2.39 156.25 ± 6.92 64.3 ± 6.97
Total 59 70.5 ± 6.90 158.73 ± 5.70 63.7 ± 6.78

Tab. 1.  Characteristics of the study participants with regard to age (x ± SD)
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Fig. 2.  Balance performance of the study participants under eyes-closed conditions with regard to age. OSI – 
overall stability index, APSI – anteroposterior stability index, MLSI – mediolateral stability index

Fig. 1.  Balance performance of the study participants under eyes-open conditions with regard to age. OSI – overall 
stability index, APSI – anteroposterior stability index, MLSI – mediolateral stability index
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As expected, the findings of the present study sho-
wed that the worst balance performance under eyes-
open conditions was demonstrated by group 5, i.e. the 
oldest group (over 80 years of age). Compared to other 
groups, the biggest difference occurred in MLSI. A si-
milar correlation was noted by Wojciechowska-Masz-
kowska, who reported the largest postural instability in 
the coronal plane in older adults. The researcher attribu-
tes it to the development of compensatory mechanisms 

of lower limb asymmetric loading during free standing, 
which enables older adults to shorten the time of reac-
tion to balance loss [13]. The review of the literature on 
balance performance under eyes-open conditions with 
regard to age indicates that the youngest study parti-
cipants achieve the best results [4,13,14]. In our study, 
it was group 2 (65-69 years), and not group 1 (60–64 
years) that manifested the best balance performance. 
The lower age limit for female members of U3A at the 

Fig. 3.  The fall risk index in the study participants with regard to age

Age group OSI EO APSI EO MLSI EO OSI EC APSI EC MLSI EC Fall risk
1vs2 1.020 0.528 0.765 -0.036 -0.455 0.310 -0.513
1vs3 –1.317 –1.054 –0.468 –0.644 –0.878 –0.556 –1.230
1vs4 –1.044 –1.194 0.150 –0.970 –1.156 –0.373 –2.037*
1vs5 –1.701 –1.732 –1.102 –1.008 –0.882 –0.819 –0.756
2vs3 –2.390* –1.606 –1.147 –0.803 –0.941 –0.987 –0.574
2vs4 –1.994* –1.792 –0.376 3.815* –2.197* –2.428* –2.050*
2vs5 –2.558* –2.780* –1.721 –0.689 –0.738 –1.156 –0.720
3vs4 0.049 –0.244 0.586 0.439 –0.098 0.146 –0.812
3vs5 –0.408 –0.857 –0.531 0.449 0.367 –0.163 –0.053
4vs5 –0.476 –0.423 –1.006 –3.281* 1.482 –2.011* 1.066

Tab. 2.  Comparison of balance and fall risk indexes between age groups

*p<0.05; Z value (U Mann-Whitney test) was presented in the table; 1-5 – age groups, OSI – overall stability index, APSI – anteropo-
sterior stability index, MLSI – mediolateral stability index, EO – test with eyes open, EC – test with eyes closed.
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University of Physical Education in Warsaw is 60 years. 
Participation in physical activity classes may contribu-
te to an improvement in balance parameters. That may 
be the reason why balance performance was at a higher 
level in the older and better prepared (owing to their 
longer experience at U3A) group of the study partici-
pants. Full interpretation of the obtained data may be 
hindered by the lack of information regarding any co-
existing diseases (arteriosclerosis, diabetes, neurologi-
cal disorders, etc.). 

The test performed with eyes closed revealed smaller 
differences between the groups than in the case of the ey-
es-open tests; however, balance performance under those 
conditions was poorer. Balance deterioration resulting 
from the exclusion of vision from the examination has 
been reported by other researchers [4,10]. Lee, who com-
pared balance performance in older adults who had visu-
al impairments of various degrees, revealed that balance 
disorders deteriorate together with an increase in the le-
vel of dysfunction [21]. In the current study, smaller dif-
ferences in balance performance noted in tests performed 
under eyes-closed conditions may point to the fact that 
vision plays an important role in controlling balance in 
older adults regardless of their age group. It may indicate 
the need to maintain an optimal level of the function of 
vision over 60 years of age. 

The findings of the present study showed the lowest 
fall risk in the youngest groups under investigation: 1 
(60–64 years) and 2 (65–69 years). Persons from group 
4 (75–79 years) proved to be prone to falls the most. 
Sieńko indicated a  similar correlation when assessing 
changes in the fall risk but in individuals aged 20 to 70 
[14]. The results of numerous studies show an incre-
ase in the fall of risks with ageing [10,17,19]. The fact 
that the comparison of group 5 (over 80 years of age) 
and group 4 (75–79 years) in the current study revealed 
a reduced risk of falling in the former group may point 
to a critical period for the index under examination, and 
to a possibility of developing adaptive mechanisms that 
help to prevent falls in persons aged 80 or older. 

Statistical analysis did not reveal any significant dif-
ferences in the analysed balance indexes between the 
youngest and the oldest group of the study participants. 
However, such differences were found in the case of the 
fall risk index. The comparison between groups 2 and 
4 showed the largest number of significant differences. 
The differences concerned OSI under eyes-open and 
eyes-closed conditions, APSI and MLSI under eyes-
closed conditions as well as the fall risk index. It turned 
out that the best balance performance was manifested 
by group 2, whereas the worst one was demonstrated by 
group 4. The findings indicate that balance performance 
may depend on other factors as well. Sieńko presented 
the results of research in which middle-aged individuals 

had better balance than younger persons [14]. A similar 
situation was observed by Abrahamova [4]. Better ba-
lance in younger persons (compared to older ones) was 
noted by Nolan [22] and Wojciechowska-Maszkowska 
[13]. It is worth highlighting the fact that the mean value 
of the fall risk index in the whole group of participants 
was 2.28. This value is within the norms for persons 
aged 36 to 53 [16], which points to overall high level of 
balance in the examined women. 

Conclusions

1.	 The exclusion of vision in the process of controlling 
postural stability exerts a negative influence on ba-
lance performance. In balance tests with eyes open, 
the participants achieved much higher scores. It may 
point to the fact that older adults rely on their vision 
when keeping balance.

2.	 Taking part in physical activity classes at U3A loca-
ted at the University of Physical Education in War-
saw may have had a positive influence on balance 
performance and may have contributed to a reduc-
tion in the risk of falls in the study participants. It 
may stem from the fact that the mean value of the 
fall risk index in the whole group of participants was 
within the norms for persons aged 36 to 53, which 
shows that it is possible to improve balance through 
training even at an older age. 

3.	 Balance performance deteriorates and the fall risk 
increases with ageing, which is confirmed by a large 
body of findings compared in particular age groups. 
It points to the need to implement preventive exerci-
ses at an earlier stage of life.
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