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Abstract

Introduction. The purpose of this study was to evaluate the relationship between the severity of cognitive impairment and the
results of stabilographic tests in elderly patients with cognitive impairment.
Methods. The study involved 42 participants aged 62–84 (mean 73.4 ± 6.7) years. The assessment of cognitive status was
carried out with the Mini-Mental State Examination (MMSE). Included were subjects who obtained a score below 27, which is
the cut-off score between the absence and presence of cognitive impairment. Postural stability was evaluated by using a force
platform which registered the shifts of the centre of pressure (CoP) in the sagittal and frontal plane during two 32-second trials
of quiet stance on a hard surface, with eyes open and with eyes closed. The CoP sway parameters were analysed.
Results. In the eyes-open test, we obtained a weak negative correlation of the MMSE and the mean radius of the CoP sway
(r = –0.37; p < 0.05). Considering the values achieved in each plane, a statistically significant correlation was observed in all
the parameters analysed in the sagittal plane. The eyes-closed test revealed a clear negative correlation between the MMSE
results and all the studied parameters.
Conclusions. A significant relationship between the severity of cognitive impairment and the results of stabilographic parameters were noted. A negative correlation between the stabilographic parameters and the MMSE scores showed a linear deterioration of postural stability which progresses along with the decrease in cognitive functions.
Key words: dementia, centre of pressure, postural stability, balance, cognitive impairment

Introduction
Cognitive functions include a number of intellectual processes, such as short-term and long-term memory, linguistic
processes (reading, writing, speech), visuospatial functions,
constructive and executory functions, abstract thinking, as well
as the processes of observation and perception of stimuli in
the external environment. If running properly, the cognitive
processes enable understanding, memorizing, and retrieving
information, analysing situations and drawing conclusions,
planning and decision making, maintaining attention despite
distractions. Therefore, cognitive processes ensure an effective functioning of a person in the surrounding environment
[1, 2].
Ageing of the body is related to the so-called age-associated memory impairment (AAMI) or, according to other authors, age-related cognitive decline (ARCD). Between normal
ageing and mild dementia fall conditions termed as mild cognitive impairment (MCI). Neither MCI nor the AAMI or ARCD
mentioned above result in an impairment of the daily-life
functions. If an impairment of cognitive function results in
deterioration of daily living, dementia is recognized. According to the ICD-10 classification, dementias can be divided into
three basic groups. Depending on the cause of the disorder,
we identify vascular dementia, degenerative dementia (e.g.
Alzheimer’s disease, Pick’s disease, dementia with Lewy
bodies), or mixed dementia, where the two aetiologies coexist [3]. MCI is estimated to occur in 5–36% of the elderly

population [4]. Moreover, the risk of dementia development
in this group is significantly higher than in the general population [5]. Also, it is assessed that various types of dementia
syndromes may affect 17.5% of the elderly population aged
60 years and above [6].
MCI has been classified as one of the fall risk factors in
older people [7]. According to estimates, more than half of
the older population regularly experience falls [8, 9]. However,
the cause of the increased fall risk in this population is not
entirely clear [10]. Agrawal et al. [11] have demonstrated that
spatial cognitive skills deteriorate with age, which leads to the
impairment of the vestibular system. Moreover, the decisionmaking processes are also disturbed; thus, older people with
cognitive impairment may be prone to selecting inappropriate
strategies for maintaining balance [12].
It seems that the increased risk of falls in this population
is a very complex problem. On the one hand, it may result
from the malfunctioning of the receptors involved in the process of maintaining balance. On the other hand, the phenomenon may be linked to the incorrect thinking processes
which result in making wrong decisions when at risk of falling.
Therefore, a further analysis of the causes of an increased
fall risk in this population is very important and may help in
developing more effective prevention programs. For this reason, we decided to evaluate the relationship between the
severity of cognitive impairment and the results of stabilographic tests in elderly patients with cognitive impairment.
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Informed consent

Informed consent has been obtained from all individuals included in this study.

Participants characteristics
The study involved 42 participants (27 women and 15 men)
aged 62–84 (mean: 73.4 ± 6.7) years. The assessment of
cognitive status was carried out with the Folstein’s MiniMental State Examination (MMSE) [13, 14]. Included were
subjects who obtained a score below 27, which is the cutoff score between the absence and presence of cognitive
impairment. This was a screening test, where the clinical
cognitive impairment diagnosis was not yet determined. The
mean MMSE score in the studied group was 19.11 ± 6.23
(range: 9–26). The exclusion criteria were the following: inability of unassisted movement or presence of mobility impairments preventing the performance of functional tests,
memory impairment secondary to other degenerative problems like Parkinson’s disease, stroke, severe cardiovascular diseases as vertigo or dizziness, amaurosis, major surgery or lower extremity fractures, and medication affecting
balance. Table 1 presents the general characteristics of the
studied population.

Results
In the eyes-open quiet stance trial, there was a significant negative correlation between the MMSE results and
four investigated stabilographic parameters. Without specification of the planes, we obtained a weak negative correlation of the MMSE and the mean radius of the CoP sway (r =
–0.37; p < 0.05). Considering the values obtained in each
plane, a statistically significant correlation was observed in
Table 2. Stabilographic parameters and MMSE score correlation,
eyes-open test
Parameter

Plane

MMSE

p

CoP mean radius

Total

–0.37

0.04

CoP sway area

Total

–0.34

0.06

Total

–0.25

0.19

Sagittal

–0.49

0.00

Frontal

–0.19

0.33

Total

–0.28

0.28

Sagittal

–0.41

0.03

Frontal

–0.17

0.37

Sagittal

–0.35

0.04

Frontal

–0.33

0.07

CoP path length

Outcome measures
Postural stability was evaluated by using a force platform
which registered the shifts of the centre of pressure (CoP)
in the sagittal and frontal plane during two 32-second trials
of quiet stance on a hard surface, with eyes open and with
eyes closed. The parameters of the CoP sway were analysed
both without division into planes and with a differentiation
between the sagittal plane and the frontal plane. The following variables were analysed: mean radius (mm), sway area
(mm2), path length (mm), mean velocity (mm/s), and number
of sways. The sampling frequency was 20 Hz.

Statistical analysis
Statistical analysis was performed with the Statistica 12
software. The results were presented by using descriptive
statistics: the mean and the standard deviation. Given the
distribution of data similar to normal, the statistical significance of the MMSE results correlation with the stabilographic
parameters was checked with the Pearson’s R test. The
t-Student test for independent samples served to compare
results between genders. The statistical significance was set
at the value of < 0.05.

CoP mean velocity

Number of sways

MMSE – Mini-Mental State Examination, CoP – centre of pressure
Table 3. Stabilographic parameters and MMSE score correlation,
eyes-closed test
Parameter

Plane

MMSE

p

CoP mean radius

Total

–0.57

0.00

CoP sway area

Total

–0.65

0.00

Total

–0.68

0.00

Sagittal

–0.60

0.00

Frontal

–0.69

0.00

Total

–0.67

0.00

Sagittal

–0.60

0.00

Frontal

–0.68

0.00

Sagittal

–0.44

0.01

Frontal

–0.69

0.00

CoP path length

CoP mean velocity

Ethical approval

The research related to human use has complied with
all the relevant national regulations and institutional policies, has followed the tenets of the Declaration of Helsinki,
and has been approved by the Bioethics Committee of the
Wroclaw Medical University.

Number of sways

MMSE – Mini-Mental State Examination, CoP – centre of pressure

Table 1. Participants’ baseline characteristics (mean ± standard deviation)
Total (n = 42)

Females (n = 27)

Males (n = 15)

p

Age (years)

73.43 ± 6.77

72.71 ± 5.78

74.70 ± 8.35

0.46

Body mass (kg)

66.21 ± 12.91

60.58 ± 10.55

76.61 ± 10.13

0.00

Height (cm)

162.70 ± 9.18

157.03 ± 4.10

173.03 ± 5.90

0.00

BMI (kg/cm )

24.93 ± 3.90

24.54 ± 4.14

25.62 ± 3.53

0.78

MMSE

19.11 ± 6.23

20.27 ± 6.52

17.02 ± 5.49

0.18
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BMI – body mass index, MMSE – Mini-Mental State Examination
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all the parameters analysed in the sagittal plane. The MMSE
result correlated significantly with the CoP path length (r =
–0.49; p < 0.01), CoP mean velocity (r = –0.41; p < 0.05),
and the number of sways (r = –0.35; p < 0.05). In the frontal
plane, no statistically significant correlations were detected. Detailed data are presented in Table 2.
Increasing the difficulty of the trial by instructing the subject to close their eyes revealed a clear negative correlation
between the MMSE results and all the studied parameters.
The number of sways correlated at a moderate level (r = –0.44;
p < 0.05), while the remaining results demonstrated a strong
correlation with the MMSE (Table 3).

Discussion
The purpose of the study was to identify the relationship
between the severity of cognitive impairment and the results
of stabilographic tests in older patients with cognitive impairment. When analysing the correlation results, we may observe that in both trials the correlation is negative, i.e. the
higher the MMSE score, the lower the postural stability parameters and vice versa. In other words, the better the cognitive function of a person, the better their balance control.
In the eyes-open postural stability trial, we may notice a
statistically significant correlation between the MMSE scores
and the stabilographic parameters in the sagittal plane. Both
the CoP path length and CoP mean velocity, as well as the
number of sways proved to correlate moderately with the
severity of cognitive impairment. The above findings suggest
that the process of maintaining balance becomes more chaotic with the progressing deterioration of cognitive function.
During the quiet stance in patients with greater cognitive
impairment, the CoP travels faster, farther, and more frequently
in the sagittal plane. The result coincides with studies comparing postural stability in elderly healthy subjects and elderly subjects with cognitive impairment [15, 16].
In the anteroposterior balance control, a major role is
played by muscles of the lower extremity, mainly the quadriceps femoris and the triceps surae muscles [17]. Among
older people, the strength of the quadriceps femoris muscle significantly affects the correct balance control and
when weakened, it significantly lowers the postural stability
in this group [18, 19]. In our previous studies, we demonstrated
a significant correlation between the severity of cognitive impairment and the strength of the quadriceps femoris muscle
[20]. By analysing the above findings, one may conclude that
lower values of stabilographic parameters in the sagittal plane
may be linked to the limited strength of the quadriceps femoris
muscle, which significantly increases the risk of falling in
elderly people with cognitive impairment [20]. It is important
to bear in mind that older people who experience even the
slightest cognitive impairment usually reduce their daily activity. In the initial stage of their illness, they often give up any
independent travel (walks) in unfamiliar places, for fear of
getting lost. As their condition deteriorates, even the simplest activities of daily life become a major problem (e.g. an
unassisted walk to a nearby shop). The family begin to relieve
the patient even from the easiest self-service activities, which
leads to a further reduction of the muscle strength and a deterioration of the functional ability of the patient’s entire body.
Therefore, a focus on maintaining the proper muscle strength,
with a particular attention to the quadriceps femoris muscles, and care for the general fitness and physical capacity
of the whole body should be an important element in all fall
prevention programs.
As for the eyes-closed quiet stance trial, all the studied
stabilographic parameters correlated significantly with the

MMSE score. Such a high correlation may be explained by
a significant involvement of the visual system in the process
of maintaining balance among elderly people. The results
obtained by King et al. [21] suggest that among older people,
the balance compensation mechanisms are based on the
visual stimuli to a significantly higher degree than among
young people. Similar results were obtained for people with
Parkinson’s disease [22].
Balance control is possible owing to the cooperation of
the proprioceptive, visual, and vestibular systems [23]. Increasing the difficulty of a balance test by disturbing one of
these systems results in a greater involvement of the remaining two. The above study has shown a strong link between
the severity of cognitive impairment and the deterioration of
stabilographic parameters. This may indicate a decreased
quality of functioning of the other systems involved in the balance-keeping process among people with a lower MMSE
score. On the one hand, this may result from a weaker function of the vestibular system in patients with cognitive impairment [24, 25]. On the other hand, for the proper functioning
of proprioception, it is necessary that the information fed to
the central nervous system is processed efficiently, which is
compromised in the case of people with cognitive impairment
[26]. In consequence, in the presence of cognitive disorders,
the postural stability is significantly reduced when the visual
system is shut down. It seems that the key in preventing falls
in older people with cognitive impairment is the improvement
of the function of the two remaining systems (vestibular and
proprioceptive) involved in balance control.

Limitations
The authors are aware of the limitations of the above
study. Firstly, extending the duration of each trial to 90 seconds could increase the sensitivity of correlation. According to literature, static stabilographic measurements prove
to be the most effective when averaging three 90-second
trials [27]. In the present study, one of the inclusion criteria
was obtaining an appropriate MMSE score. Although this
assessment tool works well for brief screening, the Montreal
Cognitive Assessment (MoCA) test is believed to be much
more effective in diagnosing cognitive disorders [28]. It might
be worth considering to repeat our study with the inclusion
criteria based on the MoCA.

Conclusions
In summary, the study indicated a significant link between the severity of cognitive impairment and the results of
stabilographic parameters. A negative correlation between
the stabilographic parameters and the MMSE scores showed
a linear deterioration of postural stability which progressed
along with a decrease in cognitive functions. This correlation
turned out stronger when the difficulty of the trial was increased by excluding the input from the visual system. This
result suggests that in order to counteract the increased
risk of falls in the group of people with cognitive impairment,
it is worth putting emphasis on the improvement of the remaining balance-maintaining systems, i.e. the vestibular and
the proprioceptive system. In addition, it seems important
to ensure that patients with cognitive impairment have their
eyesight regularly checked and any defects corrected, as for
this group vision is a very important source of information in
the context of balance control. Also, in fall prevention programs, a major role should be played by exercises aiming
to improve muscle strength, with a particular focus on the
quadriceps femoris muscle.
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