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Influence of the clinical in postural balance in
woman with knee osteoarthritis

Abstract

Objective: This study aimed to examine the association between the postural balance and
clinical status of patients with Knee osteoarthritis (KOA) with and without a history of falls.

Method: 74 women with KOA between the age of 50 and 75 years were selected, separated
in three groups (KOA subjects with and without history of falls and asymptomatic subjects
for KOA), by examining the association between clinical data and postural balance.

Results: The results indicated that the subjects with KOA, regardless of history of falls,
needed more time to acquire postural stability than the asymptomatic. The balance of these
subjects is significantly affected by increased body mass, pain intensity, levels of KOA, and

fear of falling and diminished physical activity and functional capacity.

Conclusion: In light of these findings, we concluded that the clinical of KOA, rather than

the history of falls, is an important predictor of falls risk.
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Introduction

In recent decades, osteoarthritis (OA) has become the most
common cause of disability and frailty, affecting 30-58% of the
population above the age of 45."* The knee joint is the second joint
most commonly affected by this disease. Knee osteoarthritis (KOA)
presents significant clinical implications and affects approximately
30% of men and 33% of women between the ages of 60 and 69.>*

KOA is characterized by the degeneration of the joint cartilage,
with progressive loss of functional capacity due to increasing deficits
in the proprioceptive and neuromuscular systems, thus limiting
the performance of activities of daily living (ADL) and negatively
affecting quality of life.>® Individuals with KOA experience episodes
of pain, restricted movement, muscle weakness, and decreased motor
coordination *>"1° as the disease gradually affects precision, agility,
and reflexes and ultimately impairs postural balance.'"'?

According to recent studies,*'"""*decreased postural balance and
functional capacity are associated with increased risk of falling in
the elderly. Proper postural balance is essential during ADLs and it
is a key factor to avoiding injuries due to falls.*'* Current evidence
shows that people with KOA are likely to suffer deterioration of
postural balance.>®'*!S Furthermore, it has been shown that patients
with KOA are at greater risk of falling because of a lack of adequate
neuromuscular response to balance disturbances®>®!® during the
performance of functional tasks and because of greater fear of
falling.®'

Current literature;>'®!” shows an association between decreased
balance and decreased muscle strength (quadriceps) and proprioception
in patients with KOA; however, the origin of that decreased balance
remains unclear. Tarigan et al.’® found a correlation between body
mass index and KOA severity, but there is no evidence of association
between center of pressure (COP) parameters and clinical parameters
(pain, severity of osteoarthritis, and age).

The results of previous studies!** are conflicting and do not explain
the association between KOA and clinical parameters (balance deficit,
functional capacity, and pain) or the association between KOA and
falling. Tuna and Balci”® found no significant relationship between
radiological findings and the functional capacity of the knee and
quadriceps and hamstring muscle strength. However, there is limited
association between the clinical picture of patients with KOA and
postural balance and history of falls.?® Furthermore, only a limited
number of studies have reported an association between postural
control and functional capacity in this group of patients.!”

Studies®*? have been published on the risk factors of falls in the
elderly, but it is still unclear whether the level of functional capacity is
an essential factor for the risk of falls in the elderly and even less clear
in patients with KOA. Therefore, it becomes necessary to investigate
the relationship between the level of functional capacity and history
of falls in postural balance, as falling is the biggest predictor of
disability, particularly in the elderly. Given these considerations, this
study aimed to examine the association between the postural balance
and clinical status of patients with KOA with and without a history
of falls, controlled by a control group with asymptomatic subjects for
KOA.

Materials and methods

Description of study and ethics statement

This is a descriptive cross-sectional and observational study with
a non-random sampling approach. This study was approved by the
Ethics Committee of Santa Catarina State University (protocol no.
068/2018), pursuant to National Health Council Resolution 466/2012.

Subjects

The subjects were referred by the Orthopedics Department of the
University Hospital of Santa Catarina Federal University (UFSC)
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and by the Physical Therapy School Clinic of Santa Catarina State
University (UDESC), Brazil. The diagnosis of KOA was confirmed
by a medical specialist in orthopedics and traumatology, using the
criteria of the American College of Rheumatology, and through
bilateral anteroposterior radiographs of the knee in a standing position
obtained in the three months preceding the study. The severity of
alteration of the tibiofemoral joint was classified by the Kellgren-
Lawrence Grading Scale, a radiological classification of KOA
officially accepted by the World Health Organization (WHO).?

The study recruited 74 women between the ages of 50 and
75, including 42 women with bilateral KOA in the tibiofemoral
compartment. Of the total sample, 20 had a history of falls and were
included in the KOA Group - Falls (KOAGF) and 22 had no history
of falls and were included in the KOA Group - No Falls (KOAGM).
The remaining 32 women were asymptomatic for KOA and were
included in the control group (CG). To be included in the KOAG,
the subject had to present with bilateral idiopathic KOA and be
able to walk without pause or assistance for at least six meters. The
control group was composed of independent walkers without signs
and/or symptoms of KOA, according to the clinical examination and
confirmed with X-rays.

This study excluded subjects with the following: history of lower
limb and/or spinal surgery in the last 12 months; musculoskeletal pain
symptoms or disorders that prevented the maintenance of a standing
position for the time needed during data collection (approximately
30 minutes); use of walking aids such as a cane, crutch, or walker;
diabetes mellitus type I or II; previous treatment for balance;
neurological disorders diagnosed in physical therapy assessment
and/or clinical setting; cognitive impairment (Mini-Mental State
Examination score less than 23); and disturbances in the vestibular
and cerebellar systems as indicated by the Romberg test, finger-to-
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nose test, Trendelenburg Lurch test, and other clinical neurological
examinations.

Instrumentation

The Visual Analogue Scale (VAS) was used to check the intensity
of pain ranging from 0 (no pain) to 10 (worst possible pain). The
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) was used in the investigation of the functional capacity
of the knee joint. The Mini-Mental State Examination (MMSM) was
used to assess the presence of cognitive impairment. The MMSM
score classifies cognitive deficit as follows: preserved cognitive
functions (30-26 points); no abnormalities suggestive of deficit (26-
24 points); and indicative of cognitive deficit (23 points or less).? The
Falls Efficacy Scale-International-Brazil (FES-I-BRAZIL) version
adapted and validated by Camargo?® was used to assess fear of falling.
The Chattecx Dynamic Balance System (Chattanooga Group Inc.,
Hixon, TN, USA) was used to evaluate center of pressure (COP)
in the mediolateral (ML) and anteroposterior (AP) directions. The
system features a predetermined frequency of 100 Hz, a 15 Hz filter,
and a software program that converts the amplified analogue signals
of the transducers into digital signals.

To analyze the behavior of the COP, stabilogram diffusion analysis
(SDA) was used. According to Collins and De Luca,* this method
of analysis measures the signal behavior of the COP to describe
the evolutionary properties of the fractal time series and estimate
additional information on the nature of the postural control system.
The stabilogram-diffusion curve of the COP has two regions, one
after a short-term interval and the other after a long-term interval.
These intervals are separated by a critical period after which the slope
of the graph goes through significant changes. Four posturographic
parameters are extracted from these regions (Figure 1):

100 :
7 Short- i Long-Term Region
80 Term :
=1 Region '
_ :
E 1 |
E I
= 60 -
=N ]
5] '
1
e | ' Moment of the critical point [ Ar')
ﬁ 1
2 40 | u
@A i
£ i
E | : \
! Slope: Dyl
T e+ Ay
L]
' - .
E "I'-—-h_______
‘ Slope: Dys Critical Point [Ax")
]
(]
0 —— : , . , . , .
0 2 4 B B 10

Time Interval (s)

Figure | The figure illustrates stabilogram-diffusion curve of the COP, which is separated into two regions, which are Short-Term (Dys) and Long-Term and
(Dyl) regions. Fitted line slopes in each region (Dys and Dyl) indicate the rate of change in magnitude of sway as a function of time-interval. The critical point

(Ax*) and moment of the critical point (Ar*c) are the intersection of these two lines.
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Diffusion Coefficient: SDA allows the identification of this parameter
in two regions of the graph, i.e., the short-term interval (Dys) and
long-term interval (Dyl). These regions seem to imply the existence of
a control scheme consisting of an open-loop (Dys) mechanism and a
closed-loop (Dyl) mechanism to maintain postural equilibrium.?

Hurst exponent: Evaluates the probability of the COP moving away
from or near a relative equilibrium, obtained by the slope of the linear
regression of the stabilogram-diffusion graph, with values between
0.5<H<I being associated with a persistent behavior.3

Critical point: (Ax?): Represents the position separating the two
regions (short- and long-term intervals) in the stabilogram-diffusion
graph.?

Moment of the critical point: (Arc): Refers to the instant when
the intersection of the two regions (short- and long-term intervals)
occurred in the stabilogram-diffusion graph.?

Procedures

Initially, it was collected on their health status, age, race, marital
status, disease, medications, dizziness, visual disorders, fear of falling,
history of falls, and intensity of knee pain using the VAS. Because
KOA is a chronic disease, some subjects reported constant use of
analgesics and/or anti-inflammatory medications. As this was an
observational and descriptive study and in order to portray the postural
balance and functional mobility of everyday life, the subjects were not
asked to discontinue their medication. The WOMAC questionnaire
was administered in order to verify the level of functional capacity
of the knee, and the MMSE questionnaire was administered to assess
cognitive levels.

For the balance assessment, the subjects remained barefoot at
rest on the Chattecx Balance System platform. They were instructed
to maintain a standing posture with upper limbs parallel to the
body, feet 10 cm apart not exceeding shoulder width, gaze directed
forward, head straight, and without lateral tilt. Balance was measured
on the platform in two conditions: with eyes open and closed. The
data acquisition was 25 seconds long with a frequency of 100Hz
and pre-filtering of 15Hz determined by the platform. There were
three repetitions for each visual condition with a one-minute rest
Table | Characteristics of subjects data presented as mean (SD)
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interval between repetitions. Matlab 6.5 was used for management
of acquisition parameters, storage, and processing of data relating to
COP and to analyze the behavior of the stabilogram-diffusion graph
of the COP through the random walk model established within this
same program.

Statistical analyses

Data were presented using descriptive statistics (mean, standard
deviation, percent, and rate). We also observed the skewness and
kurtosis of the normality curve. The Shapiro-Wilk test indicated that
the variables were not normally distributed. Therefore, the Kruskal-
Wallis and Mann-Whitney U tests were used for comparisons between
groups. To compare the frequency of reporting of diseases and types
of medication, the chi-squared test was used. Spearman’s correlation
was applied between the clinical variables (WOMAC score, pain
intensity, severity of OA, history of falls, associated diseases, type
of medication, dizziness, reported auditory and visual deficits, fear
of falling measured by the FES-I score, physical activity, age, and
weight) and the SDA parameters. For the analysis of the Spearman
correlation between the variables.”’” A significance level of 5%
(0=0.05) was adopted for all tests. The statistical package SPSS
version 20.0 was used for the analyses.

Results

The groups were homogeneous with respect to age and height.
The body weight and body mass index (BMI) of the osteoarthritis
groups (KOAGF and KOAGM) were significantly different to those
of the CG (Table 1). The KOAG" and KOAGM also reported a higher
prevalence of musculoskeletal and/or connective tissue diseases
than the CG. Among the most widely used drugs, the KOAG" and
KOAGM showed higher frequency of constant use of drugs for the
musculoskeletal system than the CG, and the KOAG" had a higher
frequency of medication use for digestive and/or metabolic diseases
than the KOAGM (Table 2). In other clinical data, visual impairment,
hearing impairment, and lack of dizziness were not significantly
different between the groups. The reports of regular physical activity
showed that the disabled subjects with KOA were more inactive than
the asymptomatic ones, regardless of history of falls (Table 3).

KOAGF KOAGNF CG
Age (years) 63.12 (£3.3) 61.22 (£2.3) 65.61 (£1.8) NS
Body weight (kg) 80.45 (£3.2) 83.13 (£3.3) 65.47 (£2.9) *4 <0.001
Height (m) .57 (£0.02) 1.62 (£0.02) 1.50 (£0.08) NS
Body mass index (BMI) 32,61 (1.14) 31.41 (x1.26) 26.24 (£1.01)*4 0.001

Abbreviations KOAG', knee osteoarthritis group with history of falls; KOAGN, KOA group without history of falls;

*Significant differences between KOAGF and CG (p<0.05)

A Significant differences between KOAGN and CG (p<0.05)
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Table 2 Health problems reported by groups

KOAG™# KOAGN # CG [o]
Carriers of Disease 17 (94.4%) 17 (70.8%) 14 (63.6%) 0.068
Health Issues:
Nutritional and/or metabolic disorders 7 (38.9%) 4 (16.7%) 3 (13.6%) 0.116
Nervous system diseases 1 (5.6%) 3 (12.5%) 3 (13.6%) 0.684
Ear disorders 3 (16.7%) 5 (20.8%) 2 (9.1%) 0.543
Circulatory system diseases 10 (55.6%) Il (45.8%) 8 (36.4%) 0.478
Digestive system diseases 2 (11.1%) 2 (8.3%) 2 (9.1%) 0.953
Skin and/or subcutaneous tissue diseases 2 (11.1%) 2 (8.3%) 0 0.306
Z’:;J:::;n:skeletal system and/or connective tissue I5 (83.3%)* 16 (66.7%)* 3 (13.6%) <0.001
Genitourinary system diseases 2 (11.1%) 1 (4.2%) 1 (4.5%) 0.603
Medicines 14 (77.8%) 18 (75%) 13 (59.1%) 0.357
Medication use for:
Digestive and/or metabolic systems 7 (38.9%)* 2 (8.3%) 2 (9.1%) 0.016
Cardiovascular system 9 (50%) 14 (58.3%) 9 (40.9%) 0.498
Musculoskeletal system 10 (55.5%)* 10 (41.7%)* 0 0.001
Nervous system 2 (11.1%) 3 (12.5%) 3 (13.6%) 0.972
Endocrine system 0 5 (20.8%) 5(22.7%) 0.097
Sensory organs 1 (5.6%) 0 1 (4.5%) 0.738
Genitourinary system and sex hormones 0 0 | (4.5%) 0.379

Abbreviations KOAG, Knee osteoarthritis group with history of falls; KOAGN, KOA group without history of falls;

*Significant difference compared to the control group.
#Excluded KOA disease

Table 3 Clinical variables of the groups. data presented as mean (SD)

KOAGF KOAGNF CG #
Pain in the knee joint 5.8 (+0.65) 5.7 (£0.42) - 0.712
I(_'iAnE)itl:_as;ion in activities of daily living 14 (77.8%) 17 (70.8%) ) 0443
WOMAC 50.61 (+5.67)* 4491 (£5.42)* 98.3 (¥2.2) 0.479
FES 41.50 (£4.4)* 31.23 (#4.3)* 21.20 (x1.03) <0.001
MMSE 26.94 (£0.47) 28.30 (+0.32) 27.62 (+0.44) 0.66
Regular physical activity 5 (27.8%) 9 (37.5%) 19 (86.4%) <0.001
Dizziness 2 (11.1%) 5 (20.8%) | (4.5%) 0.243
Hearing deficit | (5.6%) 3 (12.5%) 2 (9.1%) 0.935
Visual deficit 10 (55.6%) I5 (62.5%) 15 (68.2%) 0.937
Fear of falling® 17 (94.4%) 17 (70.8%) 10 (45.5%) 0.004
Average of any fall <12 months 2.1 (£0.5) - - -
Restrictions after the fall 6 (33.33%) - - -

Abbreviations KOAG', Knee osteoarthritis group with history of falls; KOAGM, KOA group without history of falls
#Difference level between the KOAGF and KOAGN*

*Significant difference from the control group-CG, p<0.001
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Differences in clinical data between individuals with
knee osteoarthrosis

The assessment of the clinical status of the KOAGY showed
grade 3 or 4 of joint cartilage damage in the right knee of 50% of the
subjects and in the left knee of 66.6% of the subjects, respectively.
The KOAG™ showed grade 3 or 4 in the right knee (54.2%) and the
left knee (58.4%), respectively, in accordance with the Kellgren-
Lawrence Grading Scale?. Pain intensity in the knee on the day of data
collection, restriction to ADLs, and functional capacity and deficits
showed no significant differences between the KOA groups. Most
subjects with osteoarthritis (KOAG"=55.6% and KOAGN=50%) had
severe and very severe disability (Table 3).

Self-reported fear of falling was more prevalent in the subjects
with osteoarthritis than in the asymptomatic subjects (CG), showing
a significant difference (p<0.001). The KOAG® and KOAGM groups
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had higher scores in the fear of falling scale (FES-I) than the CG
(p<0.001 and p=0.015, respectively). The results showed no significant
difference between the KOAGF and KOAGM. The KOAGF group
reported a fall prevalence of 2.1 (+£0.5) during the year, and 33.33%
had restriction to ADLs after the fall. The analysis of the cognitive
status showed no significant difference between groups (Table 3).

Stabilogram behavior among individuals with knee
osteoarthrosis

The short-term (Dys) and long-term (Dyl) diffusion coefficients
and the critical point coordinates (Ax*) showed higher mean values
in the subjects with osteoarthritis (KOAGF and KOAGN) when
compared to the CG subjects. Statistical differences were found in
these variables in both visual conditions; however, in the mediolateral
direction, there was no statistically significant difference between
groups (Table 4).

Table 4 Comparison of stabilogram-diffusion parameters in the anteroposterior direction with eyes open and closed

Variable Groups X x Sd p
KOAGF 0.09 +0.04

Dyl AP EO (mm?s) KOAGN 0.09 +0.02 0.003
CGHA 0.02 +0.01
KOAGF 0.31 +0.08

Dys AP EO (mm?/s) KOAGN 0.29 +0.04 0.006
CGHA 0.19 +0.08
KOAGF 0.25 +0.03

HLT AP EO (adc) KOAGN* 0.27 +0.03 0.987
CG 0.25 +0.03
KOAGF 0.26 +0.04

HST EO AP KOAGN 0.26 +0.04 0.396
CG 0.31 +0.03
KOAGF 0.51 $0.10

Ax?AP EO (mm?) KOAGN* 0.51 +0.08 0.004
CGHA 0.25 +0.08
KOAGF 0.94 +0.19

Ar’c AP EO (s) KOAGN 0.83 $0.12 0.658
CG 0.92 $0.14
KOAGF 0.07 +0.03

Dyl AP EC (mm?/s) KOAGN 0.08 +0.02 0.001
CGHA 0.01 +0.01
KOAGF 0.48 +0.13

Dys AP EC (mm?/s) KOAGN 0.59 +0.01 0.004
CGHA 0.22 +0.06
KOAGF 0.16 +0.02

HLT AP EC KOAGN* 0.19 +0.02 0.664
CG 0.18 +0.03
KOAGF 0.33 +0.04

HST AP EC KOAGN 0.33 +0.03 0.693
CG 0.36 +0.03
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Table Continued
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Variable Groups X x Sd p
KOAGF 1.30 +0.52

Ax?AP EC (mm?) KOAGN* 1.03 +0.02 0.007
CGH4 0.44 $0.16
KOAGF 0.84 $0.16

Ar’c AP EC (s) KOAGN 0.96 +0.17 0.908
CG 0.86 +0.13

Abbreviations KOAG, group KOA with fall history; KOAGN, group KOA without fall history; CG, control group; EO, eyes open; EC, eyes closed; Dys, short
interval of time; Dyl, long interval; HLT, hurst exponent over time; HST, Hurst exponent in a short period of time; Ax?, position of the critical point; Ar’c, moment

of critical point. P, Significance level of the one-way ANOVA test.

1 Significant difference between KOAGF and CG (p<0.05)

A Significant difference between KOAGN and CG (p<0.05)

Association between the clinical data and the

stabilogram diffusion analysis

The results showed that the variables related to clinical data
(age, body mass, physical activity, fear of falling (FES-I), functional
capacity (WOMAC), severity of OA, pain intensity, and the presence
of musculoskeletal diseases) had a moderate to strong correlation with

the SDA parameters (Dys, Dyl, and Ax?) in both visual conditions in
the AP direction. The use of medication for the musculoskeletal system
showed moderate correlation with Dyl in both visual conditions in the
AP direction. There were no significant correlations between BMI,
visual impairment, hearing impairment, reports of dizziness, and
history of falls outside the SDA parameters (Table 5).

Table 5 - Correlation between the clinical/social aspects and the stabilogram-diffusion parameters in the anteroposterior direction with eyes open and closed

including all subjects.

Dys Dyl HST HLT Ax? Ar’c Dys Dyl HST HLT Ax? Ar’c
Variables
AP_EO AP_EO _AP EO _AP_EO AP_EO AP EO AP_EC AP_EC AP_EC AP_EC AP_EC AP_EC

r 04647 0.559% 0.215 0.033 0.416* 0.096 0.481%%  0.522** 0.043 0.082 0.487*  0.081
Age

p <0001 <0.001 0.100 0.803 <0.001 0467 <0.001  <0.001 0.743 0.535 <0.001  0.540

r  0488" 03937 0.06l 0.147 0.409™  0.127 0.527"  0.367" 0.076 0.222 0.493"  0.058
Body Weight

p <0.00l 0.002 0.646 0.267 0.001 0.339 <0.001  0.004 0.566 0.091 <0.001  0.663

r  0384" 0.330° 0.228 0.123 0.403™  0.006 0.380"  0.454" 0.233 0.022 0.425"  0.115
Physical activity

p 0002 0.01I0 0.091 0.350 0.001 0.967 0.003 0.000 0.073 0.866 0.001 0.383

r 0487 0497 0.179 0.129 0.522"  0.026 0.428™  0.505"  0.151 0.077 0.532"  0.038
Severity of
Ostecarthritis ;<0001 <0.001 0.171 0.327 <0.00l 0843 <000l <000l 0250 0559  <0.00l 0774

r 0361" 03387 0.064 0.033 0.342"  0.043 0.433"  0.502" 0.077 0.076 0.438"  0.079
VAS for pain

p 0005  0.008 0.627 0.802 0.007 0.746 0.001 <0.001  0.556 0.565 <0.001  0.548
Musculoskeletal " 04477 0437" 0.183 0.013 0.439" 0.016 0.473"  0.590"  0.154 0.013 0.493"  0.039
system disease p <000l <0.00l1 0.163 0.921 0.000 0.903 <0.001  <0.001 0.239 0.921 <0.001  0.770
Medicationfor 22| 0.351™  0.06l 0.078 0.252 0.074 0.271 0.381*  0.132 0.221 0.272 0.147
the Muscular
System p 009  0.006 0.644 0.555 0.052 0.572 0.072 0.003 0.175 0.082 0.071 0.186
Falls in the last " 0.337% 0.354%F 0.147 0.028 0.364%*  0.032 0.348%F  0.448%  0.097 0.046 0.389%  0.035
year p 0008  0.006 0.261 0.830 0.004 0.807 0.006 <0.001  0.463 0.729 0.002 0.791

r 0472 0478  0.040 0.178 0.469°  0.006 0313 0.306"  0.009 0.035 0.346" 0.105
FES-I

p <000l <0.001 0.797 0.247 0.000 0.970 0.039 0.043 0.955 0.819 0.021 0.496

r 0420" 0445~ 0.198 0.041 0.413™  0.050 0.455"  0.493" 0.164 0.192 0.461™  0.098
WOMAC

p <000l <0.00l 0.130 0.754 0.001 0.705 <0.001  <0.001 0211l 0.142 <0.001  0.458

Legend: EO - eyes open; EC - eyes closed; Dys - short-term interval; Dyl - long-term interval; HLT - Hurst exponent over time; HST - Hurst exponent in a

short period of time; Ax? - position of the critical point; Ar’c - moment of critical point; p - significance level of the Spearman test; r - correlation level of the

Spearman test.
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Discussion
Behavior of the stabilogram-diffusion curve

The Dys and Dyl values of the subjects with KOA were higher
than in the asymptomatic group, showing a deficit in sensory detection
and proprioceptive feedback that negatively affected body balance.
The increase in AP activity in the subjects with KOA could reflect
an attempt to keep the movements in a stable ML direction.?®** The
subjects with KOA used offsets and adjustments in the AP direction
through two mechanisms of postural control, i.e., open-loop (open
circuit) and closed-loop (closed circuit). This is a compensatory
strategy that aims to neutralize the effects of restricted motion in the
ML direction.?*

Some authors®* suggest that the short-term region (Dys)
corresponds to the open circuit mechanism that does not allow direct
control by the central nervous system. Therefore, posture stability is
only dependent on the rigidity (stiffness) of the muscle.*® The subjects
with KOA have higher Dys values, which, according to Laughton
et al’! represent a delay in transmission of sensory-processing
and detection of muscle activation. Such changes can occur in
individuals under conditions of low muscular co-activation or with
a decline in nerve conduction speed,®! both situations present in the
pathophysiology of KOA. 5151732 Thus, increased muscle activity may
be responsible for the increased stochastic activity (Dys) and hence
may compromise an individual’s ability to maintain postural stability,
increasing the risk of falling.>>*

The subjects with KOA had higher Dyl when compared with the
asymptomatic ones. The region of Dyl corresponds to the mechanism
in a closed circuit, which utilizes sensory information to generate
corrective postural disturbances to compensate for muscle torque.3®3!
In this sense, it explains the increased reflex time, decreased
proprioception, and muscular weakness reported as common
consequences of the aging process and the KOA pathophysiology.
Therefore, the feedback mechanisms of a closed system present a
delay in activation.?®

In relation to the history of falls, this study found no significant
difference between the Dys and Dyl of the KOAGY and KOAGY,
perhaps because they were homogeneous in terms of clinical data.
Therefore, regardless of history of falls, both groups have deficits
in sensory detection and proprioceptive feedback, negatively
affecting body balance and contributing to increased risk of falling.
Although this study did not evaluate these variables, it is possible that
environmental factors can be predictors of falls in this population.

In relation to the intermediate phase between the short- and long-
term ranges, this study found a significant difference in the value of
Ax? between the subjects with KOA and the asymptomatic subjects,
perhaps explained by the higher Dys. It is possible that the KOA
groups used a larger area of their support base and had greater sway
than did the asymptomatic subjects. Similarly, Tanaka et al. reported
higher values of Ax? in young adults with poorer ability to maintain
one-leg balance, suggesting that the group at high risk of falling used
most of its support base area more quickly than the low-risk group.

Correlation between clinical parameters and the
stabilogram diffusion analysis

The Dys, Dyl, and Ax? parameters increased with age as confirmed
by previous studies’’#*¥ that analyzed the effect of the aging process
on the stabilogram-diffusion curve. These authors suggest that
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advancing age increases the postural instability in these parameters, a
fact confirmed in this study.

When analyzing the clinical data of the subjects, it was noted
that BMI does not show any correlation with the SDA, however the
increase in body mass enabled these subjects to maintain postural
stability, indicating that the increase in body mass is a factor of greater
influence than BMI for postural instability. Hue et al.’® state that the
correlation between body mass and postural stability is a result of
assuming an upright posture, a position in which the human body acts
as an inverted pendulum rotating around the ankle joint. In this context,
the center of mass is located near the anterior edge of the support base,
due to the increase in body mass in an attempt to maintain balance on
the basis that the ankle support will increase its torque, and therefore
postural sway. Thus, previous studies**’ conclude that body mass is a
predictor of postural instability, which is an essential prerequisite for
increased risk of falls in ADLs.

Increased body mass is considered one of the etiological factors
responsible for the development of musculoskeletal diseases.>* In
this context, the results indicated that the greater prevalence of disease
increased musculoskeletal Dys, Dyl, and Ax? suggesting that the
presence of KOA indicates postural instability. Consequently, when
analyzing the medications regularly used by the study subjects, we
noticed a higher prevalence of drugs for musculoskeletal disorders,
i.e., anti-inflammatories, analgesics, and muscle relaxants, which
correlated with increased Dyl, meaning a time delay in muscle
activation to maintain postural stability.?® Studies indicate that
chronic diseases and drug use are risk factors for falls and functional
dependence.’*#

These associations, reinforced by a clear dose-response gradient,
can reveal two mechanisms, one for etiological factors and the other a
reverse causality, since individuals with KOA tend to be more inactive
and therefore have higher body mass index.* Thus, the results showed
that the worsening in KOA leads to greater postural instability.
More specifically, the greater the joint cartilage damage, functional
disability, physical inactivity, and pain intensity are, the greater the
changes in Dys, Dyl, and Ax? values. The increased fear of falling
(FES-]) also correlated with these parameters, indicating that this fear
fosters insecurity, dependence in ADLs, restriction to social activities,
and therefore decreased autonomy over time.

According to Yahia et al” deficits in balance and functional
capacity may be related to a reduction in motor neuron excitability
of the quadriceps muscle and subsequent loss of strength and
proprioception. Mohammadi et al’ found that women with KOA
showed reduced equilibrium due to impaired knee joint proprioception
and quadriceps strength. Other authors®!?> also associated balance
deficits with decreased proprioception and lack of confidence
regarding the performance of ADLs. Similar findings in the present
study allow us to conclude that the higher the level of postural
instability, the higher the risks of suffering from fear of falling during
ADLs.

In this context, some authors*** reported that patients with KOA
exhibit deficits in the control of knee joint stability, which are reflected
in the Dys, Dyl and, Ax?. This increase in stochastic activity of the
COP and the delay in sensory detection and proper postural control to
stabilize postural sway responses can cause a decrease in confidence
regarding performance of ADLs and a tendency to be more inactive,
thereby undermining the mechanisms of motor control stabilization of
body balance and favoring the occurrence of falls in this population.
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Nevertheless, this finding was not observed in previous studies®**4?
that used the traditional posturographic analysis of COP. Therefore,
we believe that SDA is more sensitive in detecting the relationship
between the predictors that can alter postural stability and clinical
parameters.

This study had some significant limitations, such as a small number
of subjects, which prevented inference about the power of each
independent variable on the postural balance of women with KOA.
We suggest that future studies include a sample size large enough to
determine the power of each independent variable to predict postural
instability in these subjects and combine that with electromyography to
ascertain the level of muscle activation, evaluation of proprioception,
and muscle strength.

Conclusion

When the SDA variables were compared between the groups, the
subjects with KOA (KOAG" and KOAGN'), both with eyes open and
closed, showed higher values for short-term (Dys) and long-term (Dyl)
diffusion coefficients and critical point coordinates (Ax?) in the AP
direction than the asymptomatic subjects. These findings suggest that
the KOA groups require a longer time for sensory detection in order
to process neural and sensory transmission and muscle activation. In
addition, the subjects with KOA had higher stochastic activity of the
COP, as evidenced by Ax?, and thus required more time to acquire
postural stability and used a larger area of their support base in the
COP displacement than the subjects in the control group.

Postural instability was associated with clinical and social aspects
of balance, including greater body mass, higher level of inactivity,
greater severity of osteoarthritis, worse pain symptoms, chronic
musculoskeletal diseases, use of medication for the musculoskeletal
system, worse functional capacity, and greater fear of falling.
Therefore, we conclude that the clinical and social context, rather than
history of falls, is an important predictor for the risk of falling.
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