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ABSTRACT

This study aimed to compare the static balance between healthy Individuals and those affected by
COVID-19, considering the effect of this disease on the central nervous system and the related
neurological disorders, as well as the effect of the central nervous system on balance. This
descriptive and comparative study was conducted on healthy Individuals and those with a history
of COVID-19 aged 20-40 years in Hamedan, Iran. The statistical sample of this research included
60 people infected with corona virus from Hamadan city, whose balance was evaluated one month
and three months after recovery (experimental group) and also 30 healthy people were selected as
control group. Balance indicators (anterior-posterior and medial-lateral) were examined in eight
static positions: double legs stance, single-leg stance with eyes open, and eyes closed conditions,
as well as a tandem stance with eyes open and closed by removing visual inputs using a Kistler
force plate. The results of the analysis of variance showed that there is a significant difference
between the control group and the corona group in the sway and the range of COP in one and three
months after recovery (p<0.05). The average scores in the control group were lower than one
month after recovery and three months after recovery. Also, three months after recovery, the
average deviations, fluctuations, and range of changes in the foot pressure center were higher than
in the control group. According to these results, the balance in people with corona virus approaches
the condition of the control group three months after the symptoms disappear, but there are still
significant differences in some variables.
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INTRODUCTION

COVID-19 pandemic is a disease caused by SARS-Cov-2 from the coronavirus family, which rapidly
outbroke worldwide in late December 2019 due to its dramatic transmission power [1, 2]. COVID-19 can
cause a range of disorders in the human body depending on the site of infection [3, 4]. The effects of this
virus on human health are widespread and long-lasting and cause damage to various systems, including the
respiratory system [5], gastrointestinal tract [6], kidneys and central nervous system [7]. Peripheral and
central nervous system disorders may occur in this disease [4] due to direct invasion of nerve tissues by
inflammatory reactions [8], which may reach central nerves and cause inflammation and demyelination [9].
Neurological problems can be observed during active disease and after recovery from infection [10].

Balance on double legs results from coordination between the sensory-motor systems and the neural
processor center, including the body motion control system [11]. Balance is a complex motor skill, which
describes the postural dynamics of the body in preventing falls [12]. COP deviations are often determined
in postural control assessments because they indicate the location of the ground reaction force in response
to the body's action to maintain balance [13]. Static balance is the ability to maintain postural sway [14].
The motor system maintains balance through voluntary and postural automatic reactions, including motor
strategies using pressure. Optional reactions are essential in the case of requiring to react quickly,
appropriately maintain balance, and avoid falling in the face of a post-threat or challenge.

Negarestani et al. (2021) showed disorders in the static and dynamic balance and sense of knee joint status
of women with COVID-19 [15]. Jafarnezhadgero and Hoseinpour (2021) compared the balance and
strength of lower limb muscles between two groups of healthy and COVID-19. The results showed that the
balance of Individuals with COVID-19 was significantly lower than the healthy group. In addition, the
strength of lower limb muscles in patients with COVID-19 was not significantly different from healthy
individuals [16]. Studies have shown the effect of COVID-19 on the central nervous system and
musculoskeletal system, which may also affect the function of the proprioceptive system [17, 18]. Dizziness
is one of the main problems observed in approximately one-third of patients with COVID-19 [19], and the
imbalance may be due to the involvement of the vestibular and visual systems [20]. In a study, Quentin et
al. (2021) examined vestibular neuritis as a clinical observation in patients with COVID-19. The results
showed that vestibular system defects occur in patients with COVID-19 [21]. Therefore, disturbances in
these systems may affect the balance.

In this study, young people were assessed, because at this ages the factors affecting balance are more limited
than older adults. Therefore, probably the observed balance changes can be attributed to Corona. Decreased
balance due to this disease can increase the risk of injury and falls in Individuals. Imbalance treatment costs
can be reduced by exercising on time because balance and a sense of situation are essential in carrying out
daily activities and having a good life, which reduces the risks and injuries caused by the complications of
the disease with the timely diagnosis of those complications. This study assumed that COVID-19 could
affect the static balance of individuals and, therefore, aimed to compare the static balance of individuals
one and three months after recovery from COVID-19 with healthy ones.

MATERIAL AND METHODS

Participants

This cross-sectional and descriptive study was conducted in a sports biomechanics laboratory on all
volunteers with a history of COVID-19 and healthy individuals aged 20 to 40 in Hamedan, Iran in, 2021.
The inclusion criteria were PCR test that showed all of them have a delta coronavirus, no hospitalization
history, no amputation or neurological and orthopedic disorders caused by other diseases, no limb
abnormalities, and no history of lower limb surgery. Visual and auditory disorders, neurological diseases
such as stroke and brain and musculoskeletal injuries affecting balance were among the exclusion criteria.
A total of 60 patients (30 male and 30 female) were considered in the patient group and 30 healthy peers
(15 male and 15 female) as the control group to determine the research samples with G* Power software
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with a = 0.05 and statistical power of 80% [22]. Subjects completed a consent form to participate in the
test. Then, the steps of performing the tests and measuring the variables and the working method were fully
explained to the subjects. The protocol of this study was approved by the Islamic Azad university medical
ethics committee with the number IR.SSRI.REC.1401.1449.

Procedure

The static balance of the subjects was evaluated using force plate 9286 BA, manufactured by Kistler (Kistler
Instrument AG, Winterthur, Switzerland) with a frequency of 1000 Hz. The data collection on COP
movements began after the individual was prepared on the force plate. The parameters of deviations of
COP, COP sway and range of COP displacement were at two levels of medio-lateral (ML) and anterior-
posterior (AP). Eight task were conducted, which included: 1) Standing with feet together and eyes-open
(FGO). 2) Standing with feet together and eyes-closed (FGC). 3) Standing on the dominant leg with eyes-
open (ODO). 4) Standing on the dominant leg with eyes-closed (ODC). 5) Standing on the non-dominant
leg with eyes-open (ONO). 6) Standing on the non-dominant leg with eyes-closed (ONC). 7) Tandem
standing with eyes-open (TOE) and 8) Tandem standing with eyes-closed (TCE) [23]. All tests were
performed barefoot, and the hand was on the waist in all tests. In the open eye, the person looked at point
as high as the subject on the wall at a distance of 1.5 meters at eyes level. In the single-leg test, the position
of the non-dependent leg was 90 degrees flexion of the knee. In the tandem test, the toe of one leg was
placed along the other leg’s heel, and the dominant leg was placed behind the other leg [24]. In this study,
each balance task was repeated three times, in which the individual was examined on a force plate for 20
seconds. The order of assignments for each participant was random [25]. Bioware software (Kistler
Instrument AG, Winterthur, Switzerland) version 3.5.2 was used in this study for data analysis. The data
were also filtered by a fourth-order Butterworth filter with a 20 Hz cut-off frequency [26].

Data analysis

Kolmogorov-Smirnov test was used to check the normality of the data and the possibility of using
parametric tests. One-way analysis of variance (ANOVA) was utilized for between group comparison, and
post-hoc test was tukey. Statistical analysis of data was performed using SPSS software version 21 with a
significance level of p < 0.05.

RESULTS
Table 1 presents the mean and standard deviation of participants' demographic characteristics. The
Independent T-test showed differences in these variables haven’t significant.

Table 1. Demographic characteristics of subjects (mean and standard deviation)

Variable Patient group Control group Sig.
Age (years) 23.90 + 3.70 22.60 + 3.43 0.23
Weight (kg) 71.09 + 2.60 69.10 + 2.99 0.32
Height (cm) 169.00 + 3.59 173.60 + 3.20 0.16
Body mass index (kg/m?) 23.07 +1.10 2720+ 2.34 0.44

Postural Deviations

The results of the between group comparison indicated that COP deviations had a significant difference in
LCE task in the direction of ML (F=3.43, p=0.037, Eta=0.07), LOE in the direction of AP (F=3.49, p=0.035,
Eta=0.07) and RCE in ML direction (F=3.10, p=0.05, Eta=0.06). The paired comparison results of Table 2
showed that postural deviations of LCE and RCE tasks decreased significantly in the third month after
recovery compared to the first month. Moreover, the LOE task in the control group was significantly lower
than in the first month in patients.
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Table 2. Comparison of COP deviations in different tasks in research groups

Variable Patient group Control group P1 P2 P3
First month  Third month
FGC.AP 250+1.92 3.64+6.97 2.37+1.88 0.92 1.00 0.77
FGC.ML 1.29+1.11 1.49+0.95 1.36+1.24 1.00 1.00 1.00
FGO.AP 2.66+1.92 2.88+2.11 2.97+1.88 1.00 1.00 1.00
FGO.ML 2.08+1.82 2.01+2.29 1.35+0.91 0.44 0.33 1.00
ODC.AP 2.06 +2.04 311+1.72 217+1.29 0.77 1.00 011
ODC.ML 7.81+4.46 5.49+3.14 6.13+2.79 0.03* 0.21 1.00
ODO.AP 305+202  288+152 1.94+1.65 1.00 0.04* 0.12
ODO.ML 7.60 + 3.68 6.04 + 2.40 7.12+2.11 0.10 1.00 0.41
ONC.AP 3.02+191 2.51+2.42 1.91+131 0.92 0.08 0.70
ONC.ML 3.75+3.84 5.53 +3.57 6.30 + 3.06 0.04* 0.34 1.00
ONO.AP 2.47+1.80 2.96+2.20 222+181 1.00 1.00 0.43
ONO.ML 8.27 +3.33 8.66 +5.71 7.00+3.14 1.00 0.74 0.40
TCE.AP 6.48+3.21 6.43+3.20 6.87 +3.24 1.00 1.00 1.00
TCE.ML 2.63+1.91 2.65+2.48 3.21+257 1.00 1.00 1.00
TOE.AP 7.01+3.89 8.09 +3.44 7.43+3.12 0.71 1.00 1.00
TOE.ML 2.38+1.77 3.68+2.16 2.78+2.92 0.10 1.00 0.42

Note: AP: Anterior-posterior direction, ML: medio-lateral direction, DCE: double leg with closed eyes, DOE: double leg with open
eyes, LCE: left leg with closed eyes, LOE: left leg with open eyes, RCE: right leg with closed eyes, ROE: right leg with open eyes,
TCE: tandem with closed eyes, TOE: tandem with open eyes, pl: Inter-group comparison of patients one and three months after
recovery, p2: between group comparison of patients one month after recovery and control group, p3: between group comparison
of patients three months after recovery and control group.

Postural sway

The results of the between group comparison showed that the amount of COP sway in all cases was
significant except DCE in the direction of ML, DOE in the direction of AP, and TOE in both directions of
AP and ML. The paired comparison in Table 3 revealed that postural sway in all tasks in the first month
were more than in the third month and the control group.

Range of COP displacement

The results of between group comparison showed that the range of COP displacement has a significant
difference in DCE in AP direction (F = 4.33, p = 0.016, Eta = 0.09), LCE in AP direction (F = 7.75, p =
0.01, 75 Eta = 0.15), LCE in ML direction (F = 6.00, p = 0.04, Eta = 0.12), RCE in AP direction (F = 9.51,
p = 0.00, Eta = 0.18) and in the ML direction (F = 8.38, p = 0.00, Eta = 0.16), ROE in the two directions
AP (F=7.02,p=0.01, Eta=0.14 ) And ML (F = 11.53, p = 0.00, Eta = 0.21), TCE in two directions: AP
(F=4.51,p=0.14, Eta = 0.09) and ML (F = 7.25, p = 0.01, Eta = 0.14). According to table 4, the paired
comparison represents that Individuals with COVID-19 had a more significant range of COP displacement
in the first month of infection than in the third month, as well as in the control group.
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Table 3. Comparison of COP sway in different tasks in research groups

Variable Patient group Control group P1 P2 P3
First month Third month

DCE.AP 0.85+0.46 0.38+0.66 0.56 +0.23 0.14 0.01* 0.56
DCE.ML 0.66 + 0.53 0.59 + 0.61 0.51 +0.54 0.90 0.57 0.83
DOE.AP 0.69 +0.38 0.76 £0.52 0.51+0.36 0.79 0.27 0.07
DOE.ML 0.79 £ 0.56 0.69 £ 0.45 0.34+0.23 0.85 0.04%* 0.15
LCE.AP 2.18+0.70 1.91+0.77 1.40+£0.87 0.39 0.00* 0.03*
LCE.ML 1.99+1.13 2.11+£1.48 1.17+£1.03 0.92 0.03* 0.01*
LOE.AP 1.29+0.80 1.07 £ 0.68 0.72+0.23 0.37 0.00* 0.08
LOE.ML 1.06 £ 0.59 0.88 £ 0.67 0.59 +£0.14 0.38 0.00* 0.09
RCE.AP 2.15+0.79 2.01+£0.73 1.36+0.73 0.76 0.00%* 0.00*
RCE.ML 2.20+1.43 2.33+1.75 1.09 +0.67 0.92 0.00* 0.00*
ROE.AP 1.34+0.87 0.85+0.42 0.76 £0.31 0.00* 0.00* 0.81
ROE.ML 1.19+0.63 0.72+0.33 0.63+0.20 0.00* 0.00* 0.71
TCE.AP 1.74+1.40 1.33+£0.72 0.79+0.40 0.21 0.00%* 0.07
TCE.ML 1.27 £ 0.45 1.21+0.47 0.91+0.44 0.89 0.00%* 0.03*
TOE.AP 0.97 £0.61 1.04+0.82 0.86 +0.60 0.90 0.80 0.54
TOE.ML 0.65+0.26 0.70 £ 0.50 0.51+0.20 0.83 0.25 0.08

Note: AP: Anterior-posterior direction, ML: medio-lateral direction, DCE: double leg with closed eyes, DOE: double leg with open
eyes, LCE: left leg with closed eyes, LOE: left leg with open eyes, RCE: right leg with closed eyes, ROE: right leg with open eyes,
TCE: tandem with closed eyes, TOE: tandem with open eyes, pl: Inter-group comparison of patients one and three months after
recovery, p2: between group comparison of patients one month after recovery and control group, p3: between group comparison
of patients three months after recovery and control group.

Table 4. Comparison of range of COP displacement in different tasks in research groups

Variable Patient group Control group P1 P2 P3
First month Third month

DCE.AP 2.56 + 4.45 356+1.74 2.99+125 0.18 0.01* 0.49
DCE.ML 4.69 +5.01 4,98 +5.49 3.56+4.76 0.97 0.66 0.53
DOE.AP 3.29+1.43 3.72+2.09 2.78+2.23 0.68 0.55 0.15
DOE.ML 4.90 + 6.67 5.35+6.50 2.46 £ 2.60 0.94 0.21 0.11
LCE.AP 13.55+4.34 11.74 £ 5.07 8.48 +5.65 0.35 0.00* 0.03*
LCE.ML 9.66 + 5.32 11.47 £6.73 6.16 + 5.95 0.47 0.07 0.03*
LOE.AP 7.02+4.03 22.08 + 89.52 3.82+151 0.50 0.96 0.36
LOE.ML 5.60 + 3.57 12.21 +43.81 2.98+0.59 0.57 0.91 0.34
RCE.AP 12.87 £ 4.94 13.33+4.75 8.31+5.06 0.92 0.00* 0.00*
RCE.ML 11.52+7.30 10.58 + 7.03 5.46 + 3.35 0.82 0.00* 0.00*
ROE.AP 7.90 +4.96 5.01+3.62 441+261 0.01* 0.00* 0.81
ROE.ML 6.74+4.21 3.78 +2.00 3.49+1.84 0.00* 0.00* 0.92
TCE.AP 10.96 = 7.74 951+544 5.45+341 0.59 0.00* 0.02*
TCE.ML 6.24 +2.93 6.47 + 3.27 4.49 + 2.00 0.94 0.04* 0.02*
TOE.AP 5.66 + 3.45 6.92+6.29 541+6.17 0.64 0.98 0.53
TOE.ML 3.39+1.15 3.81+2.86 3.18+1.77 0.70 0.91 0.41

Note: AP: Anterior-posterior direction, ML: medio-lateral direction, DCE: double leg with closed eyes, DOE: double
leg with open eyes, LCE: left leg with closed eyes, LOE: left leg with open eyes, RCE: right leg with closed eyes,
ROE: right leg with open eyes, TCE: tandem with closed eyes, TOE: tandem with open eyes, pl: Inter-group
comparison of patients one and three months after recovery, p2: between group comparison of patients one month
after recovery and control group, p3: between group comparison of patients three months after recovery and control
group.
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DISCUSSION

The purpose of this study was to compare the static balance in Individuals affected by COVID-19 one
and three months after recovery and healthy ones. The results indicated that the balance variables in the
first month after infection were higher than the third month and the control group in most tasks. The postural
deviation in some tasks in the third month after the disease was higher than in the first month, but no
significant difference was observed between groups despite the smaller postural deviations in the control
group. According to these results, COVID-19 has little effect on the postural deviation of patients. The
effects of this disease indicate the presence of musculoskeletal pain in patients with COVID-19 compared
with healthy individuals [27]. Muscle pain in this disease is general and bilateral and has little effect on the
postural deviation in the vertical direction.

Despite the decrease in postural sway in the third month after COVID-19 compared to the first month,
the difference is insignificant in most tasks. The amount of COP sway in the patient and control groups in
the first month indicates a significant difference in most tasks. In the third month, the amount of this
difference was insignificant in some tasks. Therefore, COP sway with the control group still shows a
significant difference despite the decrease in postural sway in the third month after COVID-19. Consistent
with the results of this study, Lee et al. [28] showed a significant difference between static and dynamic
balance variables and quality of life in healthy Individuals and those with COVID-19. Some studies have
reported the effect of COVID-19 on the vestibular system [29, 30]. In Individuals with COVID-19, the
virus invades the inner ear directly and causes involvement of the central vestibular system and its
connections, hypoxia, vascular changes such as vasculitis, and coagulation events [31, 32]. Specific utricle
and saccule disorder may cause symptoms such as tingling, wavering, and feeling of falling in individuals
with COVID-19 [33]. Evaluation of neurological observations in patients with COVID-19 showed that the
balance in these patients is reduced [34]. Therefore, one of the reasons for the decrease in balance in these
patients may be due to the decrease in vestibular system function, which increases postural sway. Postural
sway is more sensitive to the function of the sensory systems [24], and weakness in the vestibular system
may cause dizziness [32] and ultimately impair postural control. Imbalance is possible with the onset of the
disease due to decreased efficiency of the visual, vestibular, and proprioceptive systems and increases the
likelihood of falling [35, 36].

The results showed a significant difference between the patient and control groups regarding the range of
COP displacement. The highest difference was observed between the control group and patients in the first
month after the disease. The range of COP displacement decreased in the third month. However, there was
a significant difference in some tasks, especially more difficult tasks in which the base of support or vision
was manipulated. Muscle weakness due to hospitalization, and fast twitch muscle fibers earlier under the
influence of disease complications, can increase the range of COP displacement and COP sway in these
individuals [37]. Weakness and loss of muscle strength, changes in posture settings, decreased voluntary
movement, mechanical changes, visual and vestibular disorders, proprioceptive system, pain, and
psychological consequences can affect the range of motion and displacement of the COP in patients with
COVID-19 [37, 38]. According to the results obtained in this research, it is suggested to include strength
and balance interventions in the rehabilitation programs of people after recovering from Covid-19.

CONCLUSION

This study compared the static balance in patients with COVID-19 one and three months after recovery and
healthy ones. According to the results, the postural deviations from the vertical direction are less affected
by the disease. However, the postural sway and range of COP displacement significantly differed from the
control group and one and three months after recovery in patients. Thus, the static balance did not return to
normal even three months after recovery, which may lead to falls and even permanent disability or death
from falls. Rehabilitation and occupational therapy should be considered, especially in patients who have
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been hospitalized for a long time.
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