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AbstrAct: Falls may occur in each ontogenesis phase, but they become more frequent in the elderly and 
lead to serious health consequences. Dynamic changes in senior citizens’ environment and lifestyle makes 
studies of risk for falls necessary. To determine the relationship between the risk for falls and the objective 
functional and structural examination in the elderly living in Poland. The research consisted of 196 females 
and 61 males aged 60–88 recruited from health clinics, senior citizen centers and Universities of the Third 
Age between 2009–2012. Following parameters were collected: functional physical tests “30 second Chair 
Stand Test” and Timed Up and Go Test”, the flexor muscles and knee extensors force, the bone mineral 
density was measured in distal radius of the forearm with the EXA – 3000, the total risk for fall assessed by 
5 tests by abbreviated version of Fallscreen test. Multiple linear regression and linear correlation were used 
for assessment of relationship with total estimated risk for fall and other parameters. The subjects displayed 
significant dimorphic differences within the range of the functional parameters and bone mineral density to 
the advantage of males. Only in women results revealed a significant link between the risk for falls and the 
dynamic balance, as well as the maximum quadricep muscle force equal. Strength of the lower limb muscles 
seems to be critical for decreasing the risk for fall. Special programs for strengthening this part of the body 
for older people should be elaborate.
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Introduction

The ‘risk for falls’ issue was recognized 
in the second half of the last century and 
it has been a subject of numerous stud-
ies. The main reason for an increased in-

terest in this problem is our prolonged 
life expectancy. Researchers emphasize 
the fact that, falls may occur in each 
ontogenesis phase, they become more 
frequent in the elderly and lead to more 
serious health consequences. Initially, 
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researchers were focused on determining 
the risk factors for falls, regarding them 
as environment-dependent (external 
factors) or resulting from health condi-
tions and corresponding diseases – in-
ternal (biological) factors (Tinetti et al. 
1986; Tinetti et al. 1988; Campbell at al. 
1989; Lord et al. 1994; Richardson and 
Hurvitz 1995; Lord et al. 1996; Rogers 
and Mille 2003; Czerwiński et al. 2008). 
Both groups consisted of several hun-
dred factors for falls but only a  few of 
them (about 10) meet the requirements 
of Evidence Based Medicine standards 
(EBM) (Cummings and Newitt 1989; 
Perell and Nelson 2001). The most fre-
quently reported ones include chronical 
diseases, sensomotoric disorders inter-
fering with postural stability, drug (sed-
atives and antidepressants in particular) 
overuse (Thornby 1955; Studenski et al. 
1991; Tinetti and Williams 1998; Leip-
zig et al. 1999; Błaszczyk and Czerwosz 
2005; Czerwiński et al. 2006; Tinetti et 
al. 2006;).

The aging process leads to general 
muscular atrophy, which also involves 
the antigravity muscles of the pelvic gir-
dle and the lower limbs, which, together 
with the nervous system, are responsible 
for body posture. As revealed in the pre-
viously cited studies, balance and pos-
tural reflexes in humans are controlled 
by numerous mechanisms, including 
the vestibular organ and the organ of 
sight, the proprioceptive sensory recep-
tors located in the locomotor system and 
neuromuscular conduction. All of these 
complex processes are controlled by both 
the central and peripheral nervous sys-
tem (Thornby 1955; Cummings and Ne-
witt 1989; Richardson and Hurvitz 1995; 
Lord et al. 2003; Rogers and Mille 2003). 
Therefore, atrophic changes in the nerv-
ous system play a crucial role in maintain-

ing a correct body posture and mobility. 
Physical activity constitutes the primary 
factor for the prevention of involutional 
changes observed in the nervous sys-
tem. Hence, numerous researchers em-
phasize the role of physical activity and 
a proper selection of exercises for elder 
people (Carter et al. 2001; Maciaszek et 
al. 2002; Lord et al. 2003; Steward et al. 
2005; Czerwiński et al. 2006; Kemmler 
et al. 2010; Toraman and Yildirim 2010; 
Davis et al. 2011).

Postural stability, a  sense of balance 
and the ability to walk are obviously 
linked, which explains why a disorder of 
one of the systems causes a higher risk 
for a  fall. Research among the elderly 
who have recently experienced a fall, dis-
plays the fear of a recurrent incident and 
a  corresponding limitation of physical 
activity, which subsequently leads to the 
depreciation of the quality of life. Even-
tually, there is feedback between the phe-
nomena (Tinetti et al. 2006; Bączkowicz 
et al. 2008; Ostrowska et al. 2008; Pi-
jnappels at al. 2010; Tinetti and Kumar 
2010; Etman et al. 2012).

Due to the dynamic changes in sen-
ior citizens’ environment and lifestyle, 
many regularities, formerly typical for 
the elderly, are challenged, making fur-
ther studies and analyses necessary. Also 
methods of determining balance and 
posture of the body, which have been 
used until now, do not meet the expec-
tations regarding the assessment of the 
risk of falls. Recently, there have been 
model methods in use, which allows one 
to determine the risks for falls in the el-
derly in a  comprehensive, but also easy 
and simplified way. This kind of assess-
ment allows the correct identification of 
persons vulnerable to falling (Lord et al. 
1994; Lord et al. 2003). The aim of this 
study is to expand knowledge regarding 
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comprehensive assessment of the risk for 
falls and the analysis of the correlation 
between this assessment and the objec-
tive functional and structural examina-
tion in the elderly living in South-West 
Poland.

Material and Methods
The research group consisted of 257 indi-
viduals (196 females and 61 males) aged 
60–88. The selected persons came from 
Wrocław and its precincts. The invita-
tions for the participation in the research 
project were directed to health clinics, 
senior citizen centers and Universities 
of the Third Age. The criteria for joining 
the group included: being above 60 years 
of age, the ability to walk, the absence 
of objections against the research. The 
participants expressed in writing, their 
consent to join the program. The pro-
ject had been approved by the Academy 
of Physical Education’s Senate Commis-
sion of Ethics and Scientific Research 
dated 18 February 2009. The research 
was conducted in the Biokinetics Labo-
ratory of the Academy of Physical Educa-
tion between 2009–2012 years. Prior to 
the inception of the research procedure, 
the medical history was taken from each 
participant in order to collect the retro-
spective data on the falls concerning the 
preceding year. The research was large-
scale and holistic in its scope (Ignasiak 
et al. 2012).

The functional Strength Senior Test 
was used for checking this factor (Rikli 
and Jones 2013). The lower part of the 
body muscle strength was tested by us-
ing the “30 second Chair Stand Test” [n], 
and the dynamic balance with the ‘Timed 
Up and Go Test” [s].

The Flexor muscles and knee exten-
sors force were measured by the mul-

ti-functional, computerized chair by NO-
RAXON, intended for rehabilitation and 
diagnostics. The maximum muscle force 
moments of the flexor and the dominant 
limb knee extensors (the quadriceps 
femoris) were analyzed under isometric 
work conditions. The bone mineral den-
sity (BMD) was measured in the area 
of the distal radius of the forearm with 
the EXA – 3000. The information on the 
mineral bone density (g x cm–2) was pro-
vided by computer measurement. 

The balance tests were established 
with the stabilographic platform Accu 
Sway Plus (ACCU GAIT SYSTEM). The 
study referred to the assessment of the 
center of mass displacement area size. 
The study used the assessment of point 
of foot plane prop point (COP – Center 
of Pressure). The subjects had 3 trials, 
30-second each with a  1-minute break 
between. The tests were done with the 
eyes open and closed. The analysis took 
into account an average of three trials 
of each test (eyes open, eyes closed) ex-
pressed in cm2.

The complex assessment of the risk 
factors was based on the abbreviated 
version of Fallscreen tests developed 
by Australian team (Lord et al. 2003). 
The abbreviated version states the tests 
as follows: sensitivity to contrast (edge 
contrast sensitivity – the Melbourne 
Edge Test), prioproception, knee exten-
sion quadriceps force, reaction time – 
hand and balance (sway on foam with 
eyes open). The above- mentioned tests 
results constituted the foundation for 
the assessment of the total risk for fall 
which for the subject population fluctu-
ates from –2.5 to 5.3, with the average 
value of 0.22, and which was used for the 
calculation as a dependent variable. 

The study used the Statistica v. 10 
program (StatSoft 2011) and the analy-
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sis consisted of the elements of descrip-
tive statistics (average, standard devia-
tion) taking into consideration the sex 
and age. The analysis was also based on 
Shapiro-Wilk test, which enabled the re-
searchers to assess the normality of the 
subject parameters distribution. The di-
morphic differences were assessed with 
a   t-Student test on alpha level = 0.05. 
The assessment of the selected meas-
urements potentially responsible for 
a higher risk for falls also referred to the 
multi-dimension linear regression where 
the variable was the risk for falls and the 
independent invariables potentially re-
sponsible for a higher risk for falls: age, 
strength of the lower part of the body, 
dynamic balance, the flexor muscles and 
the knee extensors force, as well as bone 
density and the COP area with the eyes 
open and closed, separately for the males 
and females. However, the dependencies 
between the analyzed parameters were 
assessed with Pearson’s line separate-
ly for both sexes. All calculations were 
done in 2014 year.

Research results
For the purpose of this study the col-
lected research results have been divid-
ed into two categories of age and sex: 
The females younger than 65 years of 
age (n=117) and the ones older than 
65 years of age (n=79). A  similar divi-
sion was attributed to the males (n=25, 
n=36). However, the number in two age 
groups can differ because of incomplete-
ness of data.

The muscle strength of the lower 
body part does not differentiate signifi-
cantly between the younger males from 
females (however, the males display 
a higher strength level than their female 
peers). Whereas the elder male group is 

characterized with a significantly higher 
strength level compared to their female 
peers. Moreover, the men from both age 
groups presented a  considerably more 
favorable dynamic balance level than the 
women (Table1).

Almost all functional parameters in 
both age groups reveal a  significant ad-
vantage of the males compared to the 
females (Table 1). A similar direction of 
the within-the-group change was noted 
in the case of the maximum force mo-
ment of the flexors and knee extensors, 
as well as in the case of the bone density. 
Both sexes, however, do not present the 
point of net reaction ground force appli-
cation (COP). The risk for falls assessed 
generally does not present dimorphic 
differences among the subjects aged less 
than 65 years of age. The females of more 
advanced age tend to display a considera-
bly higher risk for falls compared to their 
male peers (Table. 1). 

The regression results, which only in 
women reveals a significant link between 
the risk for falls and the dynamic balance, 
as well as the maximum quadricep mus-
cle force equal with the simultaneous 
control of the other variables (Table 2). 

The simple correlation results reveal 
that women are more prone to display 
the negative correlation between their 
age and the functional strength tests, 
knee extensors and flexor muscle force 
and mineral bone density. More ad-
vanced women’s age is also related to the 
higher risk for falls (Table 3). The anal-
ysis of the significant correlation in the 
males displays only a  gradual lessening 
of the bone mineral density. As age-re-
lated dynamic balance worsens, lower 
knee extensor force and the higher risk 
for falls are observed, nevertheless, the 
correlation force is quite low. The t males 
subjects presented a  considerable link 
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Table 1. Descriptive statistics for risk of fall and functional and structural parameters
Males Females

N mean SD N mean SD T
Chair stands [n/30s]

60–65 y 21 18.81 5.13 112 17.20 3.92  –1.64
>65 y 25 18.40 5.26 63 16.05 3.61  –2.40*
8–feet up–and–go [s]
60–65 y 21 5.33 0.76 112 5.93 0.96   2.71**
>65 y 25 5.81 0.84 63 6.59 0.88   3.80***

Knee extensor [Nm]
60–65 y 24 285.71 123.77 117 227.88 91.81  –2.64**
>65 y 30 284.00 94.17 73 194.22 86.82  –4.65***
Knee flexor [Nm]
60–65 y 24 140.9 59.84 117 105.05 44.89  –3.36**
>65 y 30 131.1 54.64 73 91.97 37.54  –4.18***
BMD [g/cm2]
60–65 y 25 0.54 0.07 119 0.36 0.07 –11.17***
>65 y 37 0.50 0.09 79 0.31 0.07 –12.00***

Area of circulation with closed eyes [cm2]
60–65 y 25 6.20 3.50 117 4.95 3.56  –0.87
>65 y 36 6.47 4.44 79 5.43 3.11   0.69

Area of circulation with open eyes [cm2]
60–65 y 25 2.76 1.35 117 2.51 1.30  –1.60
>65 y 37 2.88 1.24 79 3.16 2.24  –1.45
Risk of fall
60–65 y 25 –0.25 0.86 119 0.10 0.92   1.74
>65 y 37 0.01 1.04 79 0.66 1.21   2.81**

* p<0.05; ** p<0.01; *** p<0.001.

Table 2. Results of multiple linear regression in males and females
Males Females

Betas SE betas t Betas SE betas t

Age 0.099 0.175 0.56 0.145 0.086  1.70

Chair stands 0.122 0.218 0.56 0.103 0.082  1.25

8-feet up-and-go –0.013 0.230 –0.06 0.178 0.084  2.11*

Knee extensor –0.365 0.203 –1.80 –0.238 0.097 –2.45*

Knee flexor 0.057 0.189 0.30 0.044 0.095  0.47

BMD –0.068 0.165 –0.41 –0.048 0.079 –0.61

Area closed eyes 0.054 0.166 0.33 –0.012 0.078 –0.16

Area open eyes 0.258 0.155 1.67 0.031 0.078  0.40

R=0.499; R2=0.249; F=1.49 R=0.358; R2=0.129; F=3.00**

* p<0.05; ** p<0.01; *** p<0.001.
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between the risk for falls, the knee ex-
tensor force and a sense of balance with 
the eyes open. The decreasing quadricep 
force and the increased COP area with 
the eyes open, leads to an evidently high-
er risk for falls. The study displays, in the 
women, a significant correlation between 
the risks for falls, the dynamic balance, 
flexor muscles and knee extensor force 
and bone mineral density. The risk for 
falls in the females does not show the 
considerable correlation, only with the 
COP both with the eyes open and closed 
(Table 3).

Only two distinct correlations be-
tween the functional tests were observed 
in the males: the higher muscle strength 
of the lower body parts results in the 
more favorable dynamic balance level 
(r=–0.68); and the higher the maximum 
knee flexors muscle force movement is, 
the higher is the quadriceps force move-
ment (r=0.63) (Table 3).

In the female group, the lower body 
part strength displays significant cor-
relations with the dynamic balance 
(r=–0.41) and the maximum movement 
strength of the knee extensors and flex-
ors (r=0.24, 0.18). As expected, in the 
knee joint muscles, the extensors and 
flexors are distinctly correlated. Further-

more, the flexors are positively correlat-
ed with bone mineral density. It should 
be noted that as in the males, there is no 
significant correlation between the func-
tional characteristics and mineral bone 
density and the oscillation field of the 
foot plane prop. 

Discussion
The risks for falls, their origin and ef-
fects, as well as the corresponding fac-
tors, have been the subject of numerous 
studies. However, the worsening physio-
logical condition and subsequent chron-
ic diseases still constitute crucial fac-
tors (Thornby 1955; Tinetti et al. 1988; 
Lord 2003; Błaszczyk and Czerwosz 
2005; Steward et al. 2005; Bledowski at 
al. 2011; Skalska and Gałaś 2011). The 
age-triggered involutional processes of 
the particular organs and systems are 
characterized by different dynamics. Nev-
ertheless, due to the stunning flexibility 
of the nervous system, the dysfunctions, 
especially the ones occurring in both the 
passive and active locomotor system, 
may be partly compensated. The most 
important, from the risk for falls- view, is 
the balance organ, closely related to the 
efficient skeletal muscle work. The bal-

Table 3. Matrix Pearson Moment Product Correlation for males and females. M – males, F – females
M n=45 
F n= 174 1 2 3 4 5 6 7 8 9

1 Age – –0.24**  0.40*** –0.19* –0.19* –0.37***  0.14  0.10  0.26**
2 Chair stands –0.05 – –0.41***  0.24**  0.18*  0.04 –0.08  0.001 –0.08
3 8-ft up-and-go  0.28 –0.68*** – –0.10 –0.08 –0.14  0.06 –0.01  0.23**
4 Knee extensor –0.22  0.24 –0.23 –  0.61***  0.07  0.04 –0.11 –0.24**
5 Knee flexor –0.04  0.16 –0.13  0.63*** –  0.19* –0.04 –0.04 –0.17*
6 BMD –0.37*  0.20 –0.08  0.15 –0.01 –  0.001 –0.05 –0.16*
7 Area closed eyes  0.09  0.10 –0.27 –0.23 –0.08 –0.001 –  0.29***  0.02
8 Area open eyes  0.08 –0.15 –0.01 –0.13 –0.12 –0.04  0.28 –  0.06
9 Risk of fall  0.22  0.001 –0.001 –0.37* –0.19 –0.14  0.23  0.31* –

* p<0.05; ** p<0.01; *** p<0.001.
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ance disorders significantly restrict daily 
activities, simultaneously increasing the 
risk for falls, and frequently leading to 
soft tissues injuries or bones fractures. It 
needs to be noted that in the case of bal-
ance disorder and osteoporosis, the risk 
for falls increases dramatically (Rogers 
and Mille 2003; Stel et al. 2004; Tinetti 
et al. 2006; Pijnappels et al. 2010; Tinett 
and Kumar 2010; Etman et al. 2012). 
Proper balance is the result of the con-
trol of the body center of mass displace-
ment and is regulated by the particular 
structures of the central nervous system, 
mainly the vestibular organ as well as the 
organ of vision, which controls the active 
locomotor system and (postural) anti-
gravity muscles. The age-based weaken-
ing of the force of the postural muscles 
(dorsal muscles, muscles of the hips and 
knees) usually results in lateral desta-
bilization, which leads to a  considera-
ble decrease of the sense of balance and 
effective mobility of seniors (Thornby 
1955; Błaszczyk and Czerwosz 2005; Ti-
nett and Kumar 2010; Yoon et al. 2012). 
Yoon et al. (2012) proved that foot plane 
prop change (Center of Pressure) does 
not reveal dimorphic differences in per-
sons aged 21-69. This study’s results are 
in accordance with the above-mentioned 
ones – the foot plane prop point did not 
reveal the differences between the el-
derly of both sexes. It might be for the 
fact that the centers responsible for the 
postural reactions are subject to the in-
volutional changes, irrespectively of sex. 
Simultaneously, falls occur more often in 
females than the males (Cummings and 
Newitt 1989). 

While taking into consideration the 
fact the research is mainly retrospec-
tive, it may be assumed that the women, 
whose life expectancy exceeds the one 
for men, may join research projects more 

frequently than their male peers. This 
study reveals the risk for falls in women 
older than 65 years of age, is higher than 
among their male peers. Seniors of a less 
advanced age do not present a significant 
dimorphic difference while assessed for 
a risk for falls. Simultaneously, the wom-
en compared to the men, more frequent-
ly display a  considerable link between 
the risk for falls assessment and the 
subject functional parameters, as well 
as bone density. The lack of a distinctive 
correlation in the females might be due 
to the large-scale character of the study 
and a  small number of research partic-
ipants. It is even more puzzling, as the 
other researchers emphasize the positive 
link between the raised and properly se-
lected physical activity of the elderly and 
a sense of balance and a decreasing risk 
for falls (Carter et al. 2001; Lord et al. 
2003; Kemmler et al. 2010; Toraman and 
Yildirim 2010).

In the studies conducted currently, 
particular attention needs to be drawn 
to the existence of the major and dy-
namic changes of the environment that 
may link with the more severe compli-
cations in the daily mobility of senior 
citizens. Observed is a growing interest 
in the studies that take into account liv-
ing conditions (independent apartment 
or residing in various seniors’ nursing 
homes) (Tinetti et al. 1988; Lord et al. 
1994; Lord et al. 1996; Tinetti and Wil-
liams 1998; Lord et al. 2003). The re-
search results, however, are not unequiv-
ocal. The authors have different opinions 
on the questions whether the falls occur 
more frequently with the independent 
seniors or the nursing home residents. 
Independent seniors might be more vul-
nerable to balance loss and fall during 
their daily activities. On the other hand, 
the elderly looked after on a daily basis 
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are excused from self-care, which leads 
to a  decrease in their mobility, creating 
favorable conditions for falls (Tinetti et 
al.1988; Cummings and Newitt 1989; Ti-
netti and Williams 1998; Czerwiński et 
al. 2008).

Another issue is the method aimed at 
assessing various risks for falls factors. 
Estimating single, subsequent factors 
seems not to be recommended while 
taking into consideration that the fall is 
a consequence of different factors, both 
external and internal (biological). Due to 
the fact that the external factors depend 
on the home environment, which should 
respond to the senior’s needs, the factors 
related to the functioning of the elderly 
body may be predicted and assessed to 
some extent. Therefore, it is crucial to 
elaborate on the risk assessment model, 
which takes into consideration various 
aspects, including sight acuity, percep-
tiveness, proprioreceptive sensation, 
maintaining balance and muscle strength 
of, especially, lower body parts. Not less 
important is the feeling of optimal life 
quality followed by an increased feeling 
of safety in daily life activities. What 
seems to be advisable is the application 
of a  multi-aspect assessment tool, tak-
ing into consideration biological factors 
linked with the risk for falls, which basi-
cally means primarily the factors respon-
sible for keeping balance and postural 
reactions, enhanced by the somatic char-
acteristics (adipose tissue breaks a  fall) 
and l bone mineral density check (osteo-
penia, osteoporosis). Such a significantly 
more reliable approach to the subject, 
will allow to extract or indicate vulnera-
ble individuals. According to the authors, 
their equipment used for the risk assess-
ment research, as well as the additional 
parameters – functional and structur-
al, meet the requirements for complete 

assessment of a  senior citizen, paying 
the special attention to the risk for falls 
(Lord et al. 2003). The known fact of co-
existence of age and adverse changes in 
the human body resulting in the increase 
of the risk for falls that is also related to 
the sex, body building, race, lifestyle is 
not an excuse from further investigation, 
as the problem persists and influences 
health as well as the social and economic 
aspects of life (Yoshida 2007).

The results showed that strength of 
the lower limb muscles seems to be criti-
cal for decreasing the risk for fall. There-
fore special programs for strengthening 
this part of the body for older people 
should be elaborate, as a preventive ac-
tion decreasing a risk for fall and its af-
termath consequences.
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