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Abstract

Objectives: In this study, physical balance indicators in relation to seniors’ quality of life indicators are analysed. The objective is to analyse
balance in the holistic epistemological concept, when physical imbalances have an impact on emotional and social imbalances in ageing.
Procedure: Analysed data were collected from 500 randomly chosen seniors, selected from all regions of the Czech Republic. Seniors
were in the age of 65 years old and over; there were 234 males (mean: 74.5 SD + 7.74) and 266 females (mean: 76.9 SD + 7.23). Seniors
participated voluntarily on the base of the fulfilment of the informed consent.

Methods: Medical Anamnesis; Functional anthropological examination; Tinetti Balance Assessment Tool; RAND 36 Short Form Health
Survey (SF-36). Statistics: multivariate regression with reduction of dimensionality, method of orthogonal projection to latent structure.
Results: Significant correlations between each of the 36 items of the test “SF-36” and the level of the Tinetti balance test were found. SF-
36 items are discussed, which have a positive or negative effect on the physical balance of seniors. In addition, anthropological and health
factors were analysed, which were in significant correlation to the results of the Tinetti balance test.

Conclusions: Physical balance in seniors 65+ is very closely and significantly related to the SF-36 items. Muscle mass, analysed health and

anthropometric indicators have a significant impact on the results of the Tinetti balance test.
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Introduction

The focus on the elderly population from the view of health
support and improving seniors’ quality of life is a real challenge
for all European states, especiallyin the research of factors that
effectively influence the healthy life expectancy in aging. The
population of European Union is becoming older; the number
of people aged sixty-five years or more is increasing. After the
year 2025, almost 25% of Europe’s elderly population will be
over sixty-five years old. The number of seniors over the age of
eighty will increase significantly during that time (European
Commission, 2016). In the Czech Republic, just like in the EU,
the number of seniors is increasing according to the so-called
“inverted pyramid” syndrome. In 2018 in the Czech Republic
around 2.8 million people are at retirement age (CSSA, 2018).

In EU states, the program “Active and Healthy Ageing”
is applied, which is aimed at increasing the average healthy
lifespan of Europeans by 2020, to improve health and qual-
ity of life with a focus on seniors. Evaluation of health in ef-
fective interventions can help to realize implications for na-
tional/international policy. In this way, it is very important
to analyse the physical and health awareness level, namely
in connection to the physical barriers identified in senior age

(Bartlova, 2018, Michalowski et al., 2018). In the area of the
social science aspects, research in the field of health education
and public health research, the contributions related to senior
physical balance ability and skills are very much accepted; es-
pecially from the view of the holistic aspect of health and from
a broad bio-psycho-social perspective of the balance, including
the economical-medical impact on injury prevention in senior
age (above sixty-five years old).

According to Hahn (2015), fear of certain diseases associat-
ed with aging (e.g. Diabetes mellitus II. type) also causes anxie-
ty from loss of balance ability and risk of falls. Psychogenic diz-
ziness - vertigo is defined as a feeling of movement, which can
be assigned to psychiatric disorders (e.g. anxiety, depression).
Psychogenic dizziness occurs in 15% of patients with vertigo
who have a normal diagnosis of balance system (Hahn, 2015).
According to Bielakova et al. (2014), the ability to move freely
is an important factor that determines the quality of life of the
elderly population. This is one of the most common geriatric
problems that threaten independence and self-sufficiency in
seniors. Instability with its major consequences - falls — is be-
coming a major problem in health care and has great economic
costs. This issue is closely linked with demographic projections
in the Czech Republic, which assumes a gradual increase in the
number of elderly people, and that is why it must be given due
attention.
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The objective of this article is to develop understanding of
the bio-psycho-social consequences of balance in senior age
and to provide quantitative and qualitative research analyses
concerning the physical balance management. Therefore, the
main objective is to analyse seniors’ balance in holistic episte-
mological concept, when physical imbalances have an impact
on emotional imbalances in ageing, which are reflected in so-
cial imbalance consequences.

Based on the stated goal, two hypotheses were established:
H1 - Minimum of 12 selected indicators of Quality of Life ex-
amined by SF-36 will be in significant correlation with results of
the Tinetti balance test, in the sample of investigated seniors.
H2 - Muscle mass will be in significant positive correlation
with the results of the Tinetti balance test, in the sample of
investigated seniors.

Materials and methods

The following diagnostic tools were applied during the inves-
tigation:

Medical anamnesis
Medical anamnesis was provided in cooperation with phy-
sicians; and basic information of the health condition of the
elderly was collected.

Functional anthropological examination

The examination was created with selected classical anthro-
pometry methods, which were non-invasive, using anthropo-
metric instruments such as an anthropometer, digital person-
al scale, Harpenden calliper, and manual dynamometer type
Collin. The following parameters were examined: height, body
weight, BMI, girth of chest across mesosternale, girth of waist,
abdominal circumference, gluteal circumference, arm circum-
ference (relaxed), maximum calf circumference, biepicondy-
lar, width of humerus, biepicondylar width of femur, width
of wrist, width of ankle, girth of knee, girth of ankle; thick-
ness of seven selected skinfolds - calliper measurement type
Harpenden (biceps, triceps, suprailiac, abdominal, subscapu-
lar, anterior thigh, calf medial). Body Composition Analysis
was completed using In-Body 230. All of the used methods in
the Functional anthropological examination were provided ac-
cording to thedescription in Bldha (2017).

Tinetti Balance Assessment Tool

The Tinetti Balance Assessment Tool evaluates the balance
ability score of seniors and serves to evaluate the results of the
intervention. It evaluates the overall balance score from the
following components: static balance and gait. In this study
we analyse the results of the investigated seniors in the static
balance of the Tinetti balance test (Janeckova et al., 2013; Ti-
netti et al., 1986).

RAND 36 Short Form Health Survey (SF-36)

The RAND 36-Item Short Form Survey (SF-36) is a widely used
tool to determine the quality of life related to health in seniors.
In general, the questionnaire SF-36 is sensitive to all areas of
physical, mental and social health problems caused by aging. It
consists of 36 questions grouped into 9 categories (see Table
1). The SF-36 is a tool managed by the non-profit organization
RAND Corporation. The authors are Ware, Snow, Kosinski,
Gandek (Ware et al., 1993). The authors of the original Czech
translation are Sobotik and Petr (UZIS CR, 2018).

Table 1. Relationships between analysed Static Balance
examined by Tinetti Balance Assessment Tool/BS and

indicators of Quality of Life examined by SF-36, evaluated
by OPLS model (n = 500; 234 males, 266 females)

Predictive component, OPLS

Variable Component  t-statistics R?
loading
Question 1 -0.151 -6.52 -0.468 **
Question 2 -0.086 -6.09 -0.266 **
Question 3 0.155 15.56 0.478 **
Question 4 0.255 16.98 0.788 **
Question 5 0.234 24.64 0.723 **
Question 6 0.234 24.01 0.723 **
Question 7 0.246 36.95 0.761 **
Question 8 0.235 22.09 0.726 **
Question 9 0.260 18.34 0.804 **
Question 10 0.253 14.92 0.781 **
Question 11 0.230 18.71 0.710 **
Question 12 0.225 32.85 0.695 **
Question 13 0.078 4.43 0.242 **
Question 14 0.068 3.83 0.211 **
Question 15 0.116 9.25 0.359 **
Question 16 0.110 10.30 0.341 **
Question 17 0.082 4.37 0.253 **
. Question 18 0.053 2.36 0.163 *
matrixX)  estion19  0.050 2.44 0156 *
Question 20 -0.109 -3.63 -0.337 **
Question 21 -0.072 -3.33 -0.221 **
Question 22 -0.115 -6.28 -0.355 **
Question 23 -0.123 -5.78 -0.379 **
Question 24 0.061 3.03 0.188 **
Question 25 0.093 3.34 0.287 **
Question 26 -0.084 -3.12 -0.260 **
Question 27 -0.125 -6.93 -0.388 **
Question 28 0.096 3.64 0.296 **
Question 29 0.121 5.42 0.373 **
Question 30 -0.094 -3.90 -0.290 **
Question 31 0.116 7.45 0.357 **
Question 32 0.135 7.05 0.418 **
Question 33 0.111 6.13 0.344 **
Question 34 -0.098 -4.05 -0.303 **
Question 35 0.115 11.53 0.356 **
Question 36 -0.131 -6.12 -0.404 **
(myy) oo 1.000 35.02 0.695 **
balance
Explained variability 48.3% (43.8% after cross-validation)

2R - Component loadings expressed as correlation coefficients with
predictive component; * p < 0.05; ** p < 0.01.

Statistics

For the statistic evaluation we chose multivariate regression
with reduction of dimensionality, such as the method of or-
thogonal projection to latent structure (OPLS) thatis capa-
ble of copingwith the problem of multicollinearity, which is
expectednamely in the anthropometric data (Best and Wolf,
2014; Meloun et al., 2002).

Material, ethical issues

Analysed data were collected from 500 randomly chosen sen-
iors, selected from all regions of the Czech Republic. Seniors
were selected from senior homes, retirement homes, and sen-
iors’ centres/clubs. Investigated seniors were in the age range
of 65 years old and over (mean: 75.9 SD + 7.14), e.g., 234 males
in the age: mean: 74.5 SD + 7.74, median: 71.0 (67.0, 80.0) and
266 females in the age: mean: 76.9 SD + 7.23, median: 76.0
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(66.0, 84.0). All seniors participated in the research project
voluntarily. Each senior was informed about the research and
signed a consent form for voluntary participation.

Results and discussion

From the analysed results that focused on correlations be-
tween indicators of quality of life examined by SF-36 and the
results of the Tinetti balance test, it is evident that each of all
SF-36 questions (indicators of senior quality of life) are sig-
nificant to the static balance ability examined by the Tinetti
Balance Assessment Tool.

The results are based on the correlation coefficients with
predictive component at p < 0.05, which includes components

of the category “Restrictions caused by emotional problems”,
namely question 18: “Accomplished less than you would like”
and question 19: “Didn’t do work or other activities as careful-
ly as usual”. The next results are based on the correlation co-
efficients with predictive component p < 0.01, which includes
components of all other categories (see Table 1, Table 2).

These results of the statistical analysis confirm the validity
of the hypothesis H1 that: “A minimum of 12 selected indica-
tors of Quality of Life (examined by SF-36) will be in signifi-
cant correlation with results of the Tinetti balance test in the
sample of investigated seniors”. These results of the statistical
analysis also confirm a high reliability of the RAND 36 Short
Form Health Survey (SF-36) in the monitored population of
seniors aged sixty-five years and over.

Table 2. Overview of questions of the RAND 36 Short Form Health Survey (SF-36), divided into 9 categories

Overall perception of health

1.  Ingeneral, would you say your health is: Excellent; Very good; Good; Fair; Poor?
2. Compared to one year ago, how would you rate your general health now? Much better than one year ago; Somewhat better than one year ago;
About the same; Somewhat worse than one year ago; Much worse than one year ago.

Physical activity

3. Vigorous activities, such as running, lifting heavy objects, participating in strenuous sports.
Moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or playing golf.

4

5. Lifting or carrying groceries.

6.  Climbing several flights of stairs.

7 Climbing one flight of stairs.

8 Bending, kneeling, or stooping.
9.  Walking more than a mile.

10.  Walking several blocks.

11.  Walking one block.

12.  Bathing or dressing yourself.

Restriction of physical activity

13.  Cut down the amount of time you spent on work or other activities.

14.  Accomplished less than you would like.
15.  Were limited in the kind of work or other activities.

16.  Had difficulty performing the work or other activities (for example, it took extra effort).

Restriction caused by emotional problems

17.  Cut down the amount of time you spent on work or other activities.

18.  Accomplished less than you would like.
19. Did not do work or other activities as carefully as usual.

Social activity

20.  During the past 4 weeks, to what extent have your physical health or emotional problems interfered with your normal social activities with

family, friends, neighbours, or groups?

Pain

21.  How much bodily pain have you had during the past 4 weeks?

22.  During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the home and housework)?

Vitality, neurosis, depression

23.  Did you feel full of pep?
24.  Have you felt like a very nervous person?

25.  Have you felt so down in the dumps that nothing could cheer you up?

26.  Have you felt calm and peaceful?

27.  Did you have a lot of energy?

28.  Have you felt downhearted and blue?
29.  Did you feel worn out?

30. Have you been a happy person?

31. Didyou feel tired?

Social activity

32.  During the past 4 weeks, how much of the time have your physical health or emotional problems interfered with your social activities (like

visiting friends, relatives, etc.)?
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Table 2 (Continued)

Health change

33.  Iseem to get sick a little easier than other people.
34. lam as healthy as anybody I know.

35.  Iexpect my health to get worse.

36. My health is excellent.

It was analysed that the answers “poor perception of
health” and “much worse perception of health compared to
one year ago” (Question 1, Question 2, Category “Overall per-
ception of health”) correlated significantly negatively with
the results of seniors static balance in the Tinetti balance test
(p < 0.01). Also, the negative impact on the static balance of
seniors, examined by the Tinetti balance test, had situations
in which during the past 4 weeks of the senior’s life, physical
health problems or emotional problems interfered with nor-
mal social activities with family, friends, neighbours, or groups
(Question 20, Category “Social activity”). The reduction of so-
cial activities may be associated with the low self-esteem of
seniors in the “health change” category, especially in trusting
one’s health (questions 34, 36). It was also found that the neg-

0.4 4

9.1 A

o

ative impact on static balance ability in seniors also had com-
ponents of a high level of “Pain” (Question 21, 22) and a high
level of “Nervousness” (Question 24). It can be expressed that
the actual emotional state has a significant influence on the
physical balance ability in seniors, whereby the advantage is in
emotional stability “to be calm and balanced”, as the authors
of the studies confirmed (Cho et al, 2011; Marcinko 2015).
On the other hand, categories such as “sufficient physical

activity”, “the ability to perform it well” and “no limitations

due to physical or emotional problems” correlated signifi-
cantly positively with the static balance in the Tinetti balance
test (see Table 2, Chart 1). These findings are consistent with
the published results in the studies of Marcinko (2015) and
Janeckova et al. (2013).

Chart 1. Indicators of Quality of Life examined by SE-36 with positive or negative influence on the Static Balance Ability examined by Tinetti
Balance Assessment Tool/BS, evaluated by OPLS model (n = 500; 234 males, 266 females)

The medical anamnesis results and the functional anthro-
pological examination have shown that diseases such as dia-
betes, hypertension, and heart problems are significant risk
factors for the results of static balance in the Tinetti balance
test (see Table 3, Chart 2). Also, the number of medicaments
has a significant negative effect on the static balance ability.
Medicaments consumption in the monitored seniors’ popula-
tion represented (on average) 4-6 medicaments daily, with no
significant differences between the genders. It could also cause
allergy problems. In the analysis of the monitored seniors, we
found (on average) at least one allergy per person, with no sig-
nificant differences between the genders. Some medicaments
can contribute to the static balance problems. An interven-
tion in health literacy, in accordance with Michalowski et al.
(2018), can be very useful.

On the basis of the provided statistical analyses it was dis-
covered that muscle mass correlates significantly positively
with the ability of static balance by Tinetti balance test in the
investigated seniors (correlation coefficients with predictive
component p < 0.01), see Table 3, Chart 2. This result of the
statistical analysis confirms the validity of the hypothesis H2:
“Muscle mass will be in significant positive correlation with
the results of the Tinetti balance test in the sample of inves-
tigated seniors.” According to the study of the authors Barba-
rino and Bura (2017), it can be argued that the application of
statistical analysis of multivariate regression with the reduc-
tion of dimensionality has been well chosen in its ability to
linearly reduce the dimensionality of a given multivariate data
set. The effective number of major components made possible
the maximum amount of size reduction without destroying
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Table 3. Relationships between analysed Balance Ability
examined by Tinetti Balance Assessment Tool/BS and

selected indicators of Functional anthropological
examination, evaluated by OPLS model (n = 500; 234 males,
266 females)

Predictive component, OPLS

Variable Component t-statistics R2
loading
Diabetes -0.117 -6.53 -0.363 .
Hypertension -0.048 S2255) -0.148
Heart problem -0.078 -2.20 -0.241
Medication -0.137 -6.32 -0.424
Age ~0.171 -5.97 -0.528 .,
(matrix Muscle Mass 0.064 4.48 0.180 **
X) Biepicondylar
width of femur 0.127 11.45 0.371 **
Girth of chest 0.059 8.35 0.164 **
Girth of knee 0.070 3.67 0.201 **
Girth of ankle 0.050 6.63 0.137 **
Girth of wrist 0.053 2.77 0.151 *
(matrix Tinetti, 1.000 3502 0695 **
Y) balance
Explained variability 48.3% (43.8% after cross-validation)

2 R - Component loadings expressed as correlation coefficients with
predictive component; * p < 0.05; ** p < 0.01.
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Chart 2. Selected indicators of Functional anthropological
examination with positive or negative influence on the Balance
Ability examined by Tinetti Balance Assessment Tool/BS, evaluated
by OPLS model (n = 500; 234 males, 266 females)

the valid information. On the other hand, it was found that
higher age and aging significantly negatively correlates with
the ability of static balance according to the Tinetti balance
test. It can be therefore, that in higher age the muscle mass is
reduced - as Hahn (2015) expresses in the context of balance
risks in seniors.

Statistical analysis has shown that muscle mass has a sig-
nificantly positive impact on static balance performance, as
do selected anthropometric indicators such as: biepicondylar
width of femur, girth of chest, girth of knee, girth of ankle and
girth of wrist, which correlates significantly positively with the

results in the static balance examined in the monitored seniors
(correlation coefficients with predictive component p < 0.01),
see Table 3, Chart 2. The biepicondylar width of the femur pro-
vides information on the robustness of the skeleton as is men-
tioned by Blaha (2017). It can be discussed in accordance with
Blaha (2017) that a certain robust character of the body, in the
good sense, can represent an advantage in maintaining static
balance ability and can play a positive role in the prevention of
injuries and falls in senior age. According to Janeckova et al.
(2013) and Krej¢i and Kornatovska (2017), it is very impor-
tant to discuss the individual possibility of motivating a senior
to manage the ability to provide adequate physical activity se-
quences according to the breathing capacity and to relax and
unblock emotional and social tensions, which seems to be very
effective in terms of static balance ability development in sen-
iors, aged sixty-five and over.

Conclusions

It is possible to conclude that the purpose of analysing rela-
tions between balance ability in senior age and quality of life
indicators represents a significant contribution when dealing
with ethical issues in health care, risk management and the
impact on physical balance in senior age. The results can be
summarized as follows. Established hypotheses have been
confirmed. The first hypothesis confirmed that there are cor-
relations between indicators of quality of life, examined by SE-
36 questionnaire, with results of the Tinetti balance test. Low
self-perception, negative emotions and depression negatively
influence the static balance at a significance of p < 0.01. Also,
in terms of the negative impact on the static balance of exam-
ined seniors there were situations when physical health prob-
lems or emotional problems interfered with daily social activi-
ties with family, friends, neighbours, or groups (p < 0.01). The
reduction of normal social activities is related to the disbelief
in one’s own good health. Furthermore, it was analysed that
pain and nervousness have a negative effect on the ability of
static balance.

It was confirmed in the second hypothesis that muscle
mass correlates positively with the results of the Tinetti bal-
ance test in the sample of investigated seniors (p < 0.01).A
positive influence on the static balance ability in seniors was
found in correlation with a certain body robustness, which
can be the result of work and physical activities during life. We
recommend regular practice oriented toward the development
of static balance ability that is applied in work with seniors in
senior homes, centres, clubs, etc.

The research provides clear evidence that physical balance
is improved by involvement in demanding daily tasks. We
found social involvement to be beneficial. This is particular-
ly important because the productive engagement potentially
self-reinforces the physical balance stimulation. It is very im-
portant to determine that static balance development repre-
sents the facilitation for emotional and social balance develop-
ment in senior age. The results of the study can be inspiring for
the research application in the field of health and social care.
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Analyza balané¢nich schopnosti v seniorském véku v souvislosti s ukazateli kvality Zivota

Souhrn

Cile: V této studii jsou analyzovany ukazatele fyzické rovnovahy ve vztahu k ukazatelam kvality Zivota seniort. Cilem je analy-
zovat rovnovahu v holistickém epistemologickém pojeti, kdy fyzickd nerovnovéaha ve sta¥i ma vliv na nerovnovahu emocionalni
a socialni.

Postup: Analyzovana data byla ziskana od 500 ndhodné vybranych seniorii vybranych ze véech kraji CR. Senioti byli ve véku 65 let
a vice; 234 muzt (vékovy pramér: 74,5 SD + 7,74) a 266 zen (vékovy pramér: 76,9 SD + 7,23). Senioti se Gcastnili vyzkumného
Setfeni dobrovolné na zékladé pfedem uzavieného informovaného souhlasu.

Metody: Lékatska anamnéza; Funkéni antropologické vysetieni; Tinetti balanéni skdla; Dotaznik kvality Zivota SF-36. Statistika:
vicerozmérna regrese s redukci rozmérnosti, metoda ortogonalni projekce do latentni struktury.

Vysledky: Byly nalezeny vyznamné korelace mezi kazdou z 36 polozek testu ,,SF-36“ a Grovni testu statické rovnovahy dle Tinetti.
Jsou diskutovany polozky SE-36, které maji pozitivni nebo negativni vliv na fyzickou rovnovihu seniort. Déle byly analyzovany
antropologické a zdravotni faktory, které vyznamné korelovaly s vysledky testu statické rovnovahy dle Tinetti.

Zavér: Fyzicka rovnovaha u seniori 65+ je velmi tzce a signifikantné spojena s polozkami SE-36. MnoZstvi svalové hmoty a dalsi

analyzované zdravotni a antropometrické indikatory maji signifikantni vliv na vysledky testu statické rovnovahy dle Tinetti.

Klic¢ova slova: hodnoceni zdravi; fyzicka rovnovaha; dotaznik kvality Zivota SF-36; seniorsky vék 65+
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