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ABSTRACT

Objective: This study examines body composition and the parameters of dynamic and statistic balance in individuals previously infected with
coronavirus disease-2019 (COVID-19) and to compare these individuals with the control group.

Methods: A total of 112 volunteering individuals, 56 individuals previously diagnosed with COVID-19 via polymerase chain reaction test (COVID-19
group), and 56 healthy individuals (control group), between the ages of 18 and 26 participated in the study. Sociodemographic characteristics of
the individuals in both groups and their COVID-19 related information were recorded. While Tanita BC 418 (Tokyo, Japan, 2015) operating with
bioelectrical impedance was used for body composition measurement, the flamingo balance test and Y balance test were used respectively for static
and dynamic balance measurements.

Results: Because of the statistical analysis conducted, it was found that the COVID-19 group had a statistically significant lower balance level than the
control group according to the Y balance test anterior, posterolateral, posteromedial, total reach values and flamingo balance test values in terms of
balance performance (p<0.05).

Conclusion: Because of the study, no significant difference was found in the body composition of individuals aged 18-26 previously infected with
COVID-19 compared with healthy individuals of the same age. In terms of static and dynamic balance parameters, it was found that those who were
previously infected with COVID-19 were more negatively affected than the control group. We think that determining these balance disorders seen
after the COVID-19 infection will be a guide in planning rehabilitation programs for actual needs.
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INTRODUCTION

Coronavirus disease-2019 (COVID-19) is defined as the clinical
condition caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) from the coronavirus family, which
causes a large number of deaths worldwide (1). The disease
can be transmitted from person to person in a variety ways
most commonly combined-droplet transmission (2). Studies

conducted have reported that the symptoms of coronavirus
differ from person to person and symptoms commonly include
fever, cough, shortness of breath, muscle aches, loss of sense
of smell and taste and gastrointestinal findings (1,3). While
these symptoms have commonly appeared 2-14 days later,
reportedly some symptoms continued after the resolution of
the acute illness (4-6).
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Balance is defined as an individual’s ability to maintain the line
of gravity within the base of support. It is central to taking the
necessary position of the body in the formation of movement
(7). Somatosensorial/proprioceptive, vestibular system, and
visual system provide balance-related input to the central
nervous system (CNS). Notifications sent to the CNS about
balance orientation are integrated by these three systems.
Balance is then achieved by selectively activating the muscles
to maintain balance, producing a corrective, stabilizing torque
7).

It is thought that the effect of SARS-CoV-2 infection on balance
systems may be due to the virus's access to the CNS through
the olfactory bulb (8). This may cause neurological problems
such as headache, facial paralysis, loss of consciousness,
dizziness, vestibular disorders, and even paralysis (9). Some
studies even concluded that SARS-CoV-2 may damage the
auditory-vestibular system through direct infection or vascular
damage, and balance problems such as sensorineural hearing,
tinnitus, and vertigo may occur during or after infection (10).
According to another study conducted simultaneously,
dizziness appears to be one of the main balance problems
in almost one-third of the patients. Despite these reports,
balance has been evaluated in COVID-19 patients by using
surveys rather than objective measurements. In other words,
a comprehensive assessment that guarantees an objective
assessment of balance-related systems is still limited (11).

Body composition is defined as the proportional amount of
muscle, bone, fat, and other important parts of the body (12).
The important point in the evaluation of body composition
is calculating the body fat percentage by finding the body
density. For a healthy life, a certain amount of fat is required
because too low a or too high body fat may cause some
serious health problems (13).

Considering the relationship between body composition
and COVID-19, it has been shown that obesity defined by
high body mass index (BMI) in patients with COVID-19 may
be associated with poor outcomes such as intensive care unit
admission, severe COVID-19, use of mechanical ventilation,
and even death (14,15). The fact that the prevalence of obesity
being approximately one-third of the world population causes
COVID-19infection to have a higher effect on society. Here, itis
stated that creating a healthy lifestyle and especially reaching
the ideal body weight is a critical approach in preventing and
reducing some bad consequences, including death, in case of
getting infected with COVID-19 (14).

When the literature is reviewed, it can be seen that there are
few studies evaluating the balance and body composition of
individuals previously infected with COVID-19. Although there
is a statistically significant relationship between balance and
body composition (16), no studies were found evaluating these
parameters together in individuals previously infected with
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COVID-19. Considering this information, our study aimed to
examine the body composition, static, and dynamic balance
levels of individuals previously infected with COVID-19 and
to compare these with the healthy control group in terms of
these parameters.

METHODS

This study was designed as a descriptive and cross-sectional
study examining the balance and body composition
parameters of individuals previously infected with COVID-19.
The study was conducted at Zonguldak Bilent Ecevit
University Faculty of Medicine, Department of Anatomy,
Anatomy Practice Laboratory between January 2022 and
May 2022. Before the study, necessary permission (decision
no: 2022/06, date: 23.03.2022) was obtained from Zonguldak
Bilent Ecevit University Non-interventional Clinical Research
Ethics Committee.

The population of the study consisted of 112 students (56
females and 56 males) who continued their undergraduate
education at Zonguldak Bilent Ecevit University Faculty of
Medicine and Faculty of Dentistry, who met the inclusion
criteria and who signed the informed consent form. Two
groups were included in the study as a patient group of 56
individuals previously infected with COVID-19 and a control
group of 56 individuals. Inclusion criteria for the patient group
were being between the ages of 18 and 30, having been
diagnosed with COVID-19 in the last +12 months, having
a negative polymerase chain reaction (PCR) test, or having
completed an isolation period of 14 days. Inclusion criteria for
the control group were 18-30 years of age, not having been
diagnosed with COVID-19 (+), diagnosed as COVID-19 (-) by
PCRtest, and nothaving any symptoms of COVID-19infection.
Exclusion criteria were having any orthopedic or neurological
problems that may cause especially balance problems, the
presence of chronic pain that has been continuing at least for
4 months, having a positive Romberg and Fuduka Step test,
using sleeping pills or psychiatric drugs. The demographic
information form prepared by the researchers was filled in
and static balance was evaluated with the flamingo balance
test (FBT), dynamic balance was evaluated with the Y balance
test (YBT), and body composition was evaluated with the
Bioelectrical Impedance Method.

Demographic Information Form

Demographic information form prepared by the researchers
included questions about the individuals' gender, age, height,
the data of having been diagnosed with COVID-19 (+), PCR
test results (via E-nabiz), the ending date of the isolation period
and the symptoms that occurred in this process, cigarette and
alcohol use, history of surgery, presence of chronic disease,
presence of pain, and drugs used.
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Flamingo Balance Test

FBT, the validity and reliability of which was found to be 0.71
(intraclass correlation coefficient) by Tsigilis et al. (17), was
used to evaluate static balance. The participants were asked
to stand on a 50 cm long, 4 cm high, and 3 cm-wide wooden
flamingo balance board. They were asked to hold their free
leg by bending back with their hand on the same side after
getting on the balance board, and they were told that they
could use their free arm to keep their balance. They were then
asked to stand on the balance board for a minute. The test was
conducted on both the right and left legs. The total number of
times when the balance was disturbed in 1 min was noted (18).

Y Balance Test

The reliability of the test was conducted by Turkeri et al. (19)
in 2020. While preparing the test environment, a fixed point
was determined and 3 different tape measures with 120°
in-between were fixed to the ground in a Y shape with one
end coming to a fixed point. Before starting the test, the leg
length of each participant was recorded in cm by measuring
the distance from the anterior superior point of the iliac spine
to the medial distal part of the medial malleolus from both
sides. The participants were placed on the centre of the test
setup with bare feet and were asked to reach the anterior,
posterolateral, and posteromedial directions with both feet
and touch lightly to the farthest point with the tip of their
toes. These distances they reached were recorded in cm (20).
After the data were collected, the best reaching distance in
each direction was divided by length and multiplied by 100
and the scores obtained were normalized to rule out the leg
advantage (21).

Bioelectrical Impedance Analysis

Tanita BC 418 (Tokyo, Japan, 2015) operating with the
bioelectrical impedance method was used to determine the
body composition of the participants. Before the measurement,
the students were asked to have spent at least 2 h after having a
meal, not to have consumed alcohol within the past week, and
female students were asked to have measurements outside
their menstrual cycle. When the process was completed, the
participants body weight, BMI, basal metabolic rate (kJ, kcal),
muscle resistance (IMPEDANCE; ‘Q), body fat ratio (FAT %),
body fat mass (FAT MASS; kg), fat free mass in the body (kg),
total body fluid (TBW; kg), arm fat ratio (AFAT, %), leg fat ratio
(LFAT; %), and total muscle ratio (%) values measured by the
device were reported (22).

Statistical Analysis

Before starting the study, the sample size was calculated with
the G Power Version 3.1.9.2 program. While calculating the
sample size, since the researcher did not have any predictions
about the parameters to be used in the study and because
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there were no reference studies in the literature that could
be used to obtain the parameters, “medium effect size”
described by Cohen was used during the calculations (23). The
required sample size for the study was found as minimum 82,
with an effect size of 0.30 for independent samples t-test to
meet 80% of the test power at a confidence interval of 95%.

SPSS 20.0 (Statistical Package for Social Science) was used for
the statistical analysis of the study. The normality distribution
of the data was examined with the Shapiro-Wilk test. Mann-
Whitney U test and chi-square test continuity correction were
used respectively to analyse the quantitative and qualitative
variables. While the quantitative variables were expressed as
mean, standard deviation, median, minimum, and maximum
values, qualitative variables were expressed as number-
percentage (n %). The Mann-Whitney U test was used to
compare the groups. P<0.05 was considered a significant
level because of statistical analysis. The data were taken from
the thesis entitled “Analysis of balance, reaction time, and
concentration parameters of individuals previously infected
with COVID-19" and they were analysed again for this study.

RESULTS

Out study was completed with 112 individuals, 56 (28 female,
28 male) individuals previously infected with COVID-19 and
56 (28 female, 28 male) individuals who were not previously
infected with COVID-19, attending Zonguldak Bilent Ecevit
University between January 2022 and May 2022. Table 1 shows
the age, gender, height, cigarette-alcohol use, and chronic
disease data of the COVID-19 group and control groups.
No statistically significant difference was found between the
groups in terms of these data according to the results of
Mann-Whitney U test and chi-square test (p<0.05) (Table 1).

Table 2 shows the static and dynamic balance results of the
participants. According to Mann-Whitney U test results, a
statistically significant difference was found between the static
and dynamic balance scores of the groups (p<0.05). Dynamic
balance values of the groups are shown in Figure 1 with a radar
graph, while static balance values are shown in Figure 2 with
a bar graph.

Table 3 shows the body composition results of the participants.
According to Mann-Whitney U test results, no statistically
significant difference was found between the groups in terms
of body composition parameters (p>0.05).

DISCUSSION

Although respiratory symptoms disappear after COVID-19
infection, significant deficiencies in daily living activities are
observed in patients who are discharged. This condition is
not only specific to elderly patients; it may also affect young
individuals (24). Especially in patients with a chronic disease,
there are long-term major sequelae called "post-intensive
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care syndrome”, which cause many physical disorders such
as balance problems and muscle weakness (25). Many studies
resulting from this condition emphasize the importance of
rehabilitation problems to improve the quality of life after
COVID-19 infection, to return to daily activities, and to
eliminate post COVID-19 sequelae (26). In this study, when
individuals previously infected with COVID-19 were compared
with healthy controls, while no difference was found in terms
of body composition values, it was found that individuals
previously infected with COVID-19 had worse balance in terms
of dynamic and static balance. In a study by Dogan (27) on
59 individuals between the ages of 20 and 30 who had been
infected with COVID-19 at least three months ago and who
had received home isolation and medication therapy, dynamic
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and static balance was evaluated with functional reach test
and a single-leg standing test. According to the results of the
evaluation, it was found that eyes open dynamic and static
balance was affected significantly negatively in individuals
previously infected with COVID-19, compared with the control
group (27). Our study was conducted in the same age group,
and although different balance evaluation methods were used,
the same conclusions were reached. In this respect, it can be
seen that our study supports this study.

In a study by Giardini et al. (26), which included 25 individuals
with COVID-19 infection, 25 patients with acute exacerbation
of chronic obstructive pulmonary disease, and 25 healthy
individuals, static balance was evaluated with a stabilometric

COVID-19 group

Control group

Sociodemographic characteristics n=56 n=56 p-value
Age (years) X £ s 20.50+1.695 20.54+1.501 0.898"
min-max 18-26 18-26 ’
Body weight (kg) x = s 68.59+14.56 65.32£13.91 0.259"
min-max 47.60-111 44-107.20 ‘
Height (cm)x s 171.38+9.65 170.82+10.12 0612"
min-max 153-191 155-193 ’
Gender n (%)

female/male 28 (50%)/28 (50%) 28 (50%)/28 (50%) 1.000"
Cigarette use, n (%)

yes/no 12 (21.4%)/44 (78.6%) 9 (16.1%)/47(83.9%) 0.628"
Alcohol use, n (%)

yes/no 15 (26.8%)/41 (73.2%) 10 (17.9%)/46 (82.1%) 0.364°
Chronic disease, n (%)

yes/no 5(8.9%)/51 (91.1%) 4.(7.2%)/52 (92.8%) 1.000"

“chi-square test continuity correction, “Mann-Whitney U test, X + s: mean # standard deviation, n: number, %: percentage, min: minimum value, max: maximum

value, COVID-19: coronavirus disease-2019, p<0.05

COVID-19 group (n=56)
median (min-max)

YBT-A (%)

Reaching with the right foot
Reaching with the left foot
YBT-PL (%)

Reaching with the right foot
Reaching with the left foot
YBT-PM (%)

Reaching with the right foot
Reaching with the left foot

YBT total (%)
Reaching with the right foot
Reaching with the left foot

FBT (score)
Reaching with the right foot
Reaching with the left foot

YBT: Y balance test, A: anterior, PL: posterolateral, PM: posteromedial, FBT: flamingo balance test, n: number, min:

82.91 (58.82-106.94)
80.96 (52.32-111.11)

91.29 (65.38-119.84)
87.82 (65.38-124.41)

73.73 (46.05-102.38)
71.64 (51.31-97.75)

79.95 (64.95-107.48)
80.42 (62.39-104.48)

7 (2-15)
8 (2-20)

COVID-19: coronavirus disease-2019, p<0.05, ‘Mann-Whitney U test

Control group (n=56)

median (min-max) p-value
86.97 (86.97-62.06) 0.012
86.09 (60-114.73) 0.032
102.41 (65.85-134.95) 0.001"
100.55 (68.29-136.84) 0.001"
84.36 (11.87-113.75) 0.022
81.25 (52.63-114.28) 0.001"
90.68 (64.63-115.80) 0.025"
88.59 (65.44-121.40) 0.001"
4 (0-9) <0.001"
4(0-11) <0.001"

minimum value, max: maximum value,
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YBT-A (right) %
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Figure 1. Comparison of Y balance test results of COVID-19 and
control group with radar graph

YBT: Y balance test, A: anterior, PL: posterolateral, PM: posteromedial,
COVID-19: coronavirus disease-2019

FBT score
(Left)
FBT score
(Right)
0 2 4 6 8 10

m Control Group ®COVID-19 Group

Figure 2. Comparison of flamingo balance test results of
COVID-19 and control group with bar graph

FBT: flamingo balance test, COVID-19: coronavirus disease-2019
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platform, while dynamic balance was evaluated with Mini-
BESTest and Timed Up and Go test. Because of the study, it
was found that both the static balance and dynamic balance
performance of the group with previous COVID-19 infection
were significantly worse compared with the other groups
(26). Unlike our study, static and dynamic balance values were
measured in individuals approximately 69.5 years old with a
mean of 25.4 BMI. Additionally, although different evaluation
methods were used, the results were found to be parallel to
the results of our study.

In a study they evaluated whether there was a difference
in  post-COVID-19  syndrome-related  balance and
proprioception, Gervasoni et al. (28) analyzed the data of 66
post-COVID-19 patients prospectively. The dynamic balance
of the participants was evaluated both eyes open and eyes
closed with the innovative robotic device Hunova. Because
of the study, it was stated that when vision, somatosensorial
information, and vestibular information were integrated,
post-COVID syndrome affected dynamic balance test
performance negatively, regardless of the disease severity
(28). In another study conducted, Sharpendromberg
and Time Up and Go tests were used to evaluate static
and dynamic balance and knee joint position sense in 15
women infected with COVID-19 and 15 healthy women.
Because of the tests conducted, a significant difference was
found between the static and dynamic balances of the two
groups (COVID-19 and healthy group) (p<0.05) (29). In our
study, dynamic and static balance levels of 56 individuals
previously infected with COVID-19 were evaluated using the
YBT and the FBT. Because of the evaluations, it was found
that the COVID-19 group had worse static and dynamic
balance performance compared with the control group.
Although our methods for evaluating balance were different

COVID-19 group (n=56)
median (min-max)

BMR (kcal) 1474 (1156-2660)
BMI (kg/m?) 22.70 (16.70-31.90)
IMPD (Q) 655.50 (469-875)
FAT (%) 22.20 (6.60-36.60)
FFM (kg) 48.15 (35.40-86.70)
TBW (kg) 35.25 (25.90-63.50)
AFAT (%) 24.27 (9.50-40.20)

Trunk FAT (%) 20.15 (4.50-36.70)

(
(
(
LFAT (%) 25.75 (3.15-61)
(
Muscle rate (%) 74.32 (60.17-89.26)

Control group (n=56)

median (min-max) pvalue
1508 (1150-2312) 0.275
21.85 (17.20-30.30) 0.101"
640 (459-894) 0.272
18.85 (2.70-37) 0.268"
48.40 (36.50-76.70) 0.263"
35.45 (26.70-56.10) 0.256
23.02 (8.60-40.95) 0.412°
22.20 (4.60-65.80) 0.330
18.85 (3-36.30) 0.222
77.41 (59.97-92.79) 0.256"

BMR: basal metabolism rate, IMP: muscle resistance, FAT: body fat ratio, FFM: fat free mass in the body, TBW: total body fluid, AFAT: arm fat ratio, LFAT: leg fat
ratio, n: number, min: minimum value, max: maximum value, COVID-19: coronavirus disease-2019, p<0,05, ‘Mann-Whitney U test
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from studies in the literature, results similar to those in the
literature were obtained.

Measures such as quarantine, isolation and social distance
caused decreased physical activity, deterioration in muscle
mass and function and increase in body fat. These changes
in the body composition are associated with a series of
chronic conditions, including cardiovascular disease, diabetes,
vulnerability, cognitive decline, and balance problems (30).
Therefore, we think that the evaluation of body composition is
an important issue to identify possible risk factors before and
after COVID-19 infection.

When the literature was reviewed, it was found that a limited
number of studies examining body composition in individuals
previously infected with COVID-19 and studies were mostly
conducted during the COVID-19 pandemic. In a study by
Lemos et al. (31), the body composition of 171 volunteering
individuals between the ages of 19 and 65 were measured
with the bioelectrical method. The participants were grouped
into three according to the severity of COVID-19 symptoms as
non-hospitalized individuals with mild symptoms (n=61), those
hospitalized (n=58) and those hospitalized in the intensive
care (n=52). Because of the study, it was found that individuals
who were hospitalized had significantly higher fat mass and
body fat percentage values compared with individuals who
were not hospitalized (31). In our study, when individuals
previously infected with COVID-19 were compared with
healthy controls in terms of body composition, no statistical
difference was found. We believe that this difference may be
because the participants were young and the fact that the
individuals previously infected with COVID-19 had mild or
moderate disease according to the guide prepared by the
Turkish Republic Ministry of Health.

Study Limitations

Since the YBT ignores parameters such as sensor organization,
motor adaptation, and rhythmic weight shifting, balance
evaluations of the participants could be made in more detail
by using technology-supported systems. While this situation
was a limitation of our study, technology -assisted balance
systems could not be used due to their high cost. Another
limitation of our study is that the body composition gave
indirect information about the physical activity levels of the
participants, and the physical activity levels of the participants
were not evaluated.

CONCLUSION

We found that although approximately 7-8 months had
passed since the infection, young adults who had mild or
moderate level of COVID-19 infection had worse static
and dynamic balance levels than healthy individuals
in the same age group. No significant difference was
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found between the groups in terms of body composition
parameters. In line with these results, the fact that
post - COVID-19 balance disorders were found even in
individuals who had mild-moderate level of COVID-19
infection shows that providing balance training to
individuals to prevent injuries and complications that may
occur due to post-COVID-19 falls is an important topic in
rehabilitation programs.
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