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Abstract

Background and Objectives: The neuromuscular system is responsible for per-
forming adequate muscle activities to maintain postural balance. Since COVID-19
can cause damage to this system, long-term sequelae might alter control of
postural stability. This study aimed to evaluate the postural balance of patients with
post-acute COVID-19 syndrome (PCS) who were not hospitalized and to evaluate
the correlations of changes in postural balance with general fatigue, muscle
strength, and quality of life (QoL).

Methods: This was a cross-sectional study in which 40 patients with PCS and
40 controls underwent balance assessment through the Berg Balance Scale
(BBS) and Tinetti Balance Scale (TBS). They were evaluated for general fatigue
by the Functional Assessment of Chronic lliness Therapy-Fatigue (FACIT-F)
scale, handgrip strength (HGS), and quality of life (QoL) by the Short Form-36
(SF-36).

Results: When compared to controls, patients with PCS had lower BBS and TBS
scores (p = 0.001 for both). The FACIT-F score was lower in PCS patients
(p = 0.0001). HGS was slightly lower in the PCS patients, but not statistically sig-
nificant (p = 0.09). Regarding Qol, PCS patients showed worse evaluations in five
dimensions of the SF-36 (physical functioning, physical role limitations, bodily pain,
general health perceptions, and mental health). Both the BBS and TBS scores had
statistically significant positive correlations with the FACIT-F score, HGS, and two
SF-36 dimensions (physical role limitations and emotional role limitations).
Conclusions: Patients with PCS show worse postural balance than controls, which is
associated with general fatigue, lower HGS, and poor QoL. Postural balance
assessment should be considered in the follow-up and rehabilitation of PCS.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has had an
unprecedented effect on global health, both in the acute phase of the
disease and later. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) enters human cells through a receptor, angiotensin-
converting enzyme 2 (ACE2). The high binding affinity of the virus
for ACE2 is seen even on the surface of the spinal cord, which makes
the central nervous system (CNS) vulnerable to its effects (Divani
et al., 2020; Pergolizzi Jr et al., 2021). In addition to direct damage to
the blood-brain barrier, SARS-CoV-2 causes an influx of cytokines in
different sites of the CNS, triggering intense neuroinflammation (De
Felice et al., 2020). As a possible late consequence of damage to the
nervous system, many neuromuscular manifestations extend beyond
the acute phase (Divani et al., 2020; Gervasoni et al., 2022; Pergolizzi
Jretal, 2021). These changes can potentially impair postural stability
control and affect safe mobility, even in those who had a mild form of
the disease (Augustin et al., 2021).

Postural balance refers to the ability to maintain the vertical
projection of the body's centre of mass—centre of gravity—in the
limits of stability through the interrelationship of the various forces
acting on the body, including gravity, muscle strength, and inertia
(Baracat & de Sa Ferreira, 2013; Feldman, 2016). In this context,
control of postural stability can be defined as the ability to control
the body's centre of mass in relation to the support base, which is the
area of the body that is in contact with the support surface (Bara-
cat & de Sa Ferreira, 2013). For the body to stay balanced effectively,
it must integrate information from multiple subsystems of the body,
such as the somatosensory, vestibular, and visual systems, so it must
activate an appropriate neuromuscular synergy that upholds its
posture in all situations (Horak, 2006). Functional goals of the bal-
ance system include maintaining postural alignment (such as sitting
or standing) and facilitating balance recovery reactions to external
disturbances (such as tripping, slipping, or pushing) (Mancini &
Horak, 2010).

Using the hunova robotic device, a recent study showed that
regardless of disease severity, post-acute COVID-19 syndrome (PCS)
causes patients to perform worse on the elastic balance test when
the individual integrates vision, somatosensory information, and
vestibular information (Gervasoni et al., 2022). These data suggest a
new mechanism of PCS that deserves further investigation because
of its potential impact on activities of daily living (ADL). Such inves-
tigation should especially be done by using simpler tools to assess
postural balance and in patients without obvious neurological
sequelae associated with PCS.

The identification of balance disorders in patients with PCS is
important for the assessment of the risk of falls and the need for
balance rehabilitation. In this scenario, no studies have evaluated the
postural balance of individuals after acute COVID-19 infection using
tools routinely used in clinical practice, such as the Berg Balance
Scale (BBS) and Tinetti Balance Scale (TBS) (Berg et al., 1992;
Tinetti, 1986). Our hypothesis is that the neuromuscular alterations

caused by SARS-CoV-2 are capable of altering postural balance even

in patients with PCS who had mild acute illness without the need for
hospitalization, and that these alterations are related to worse
muscle function and quality of life (QoL). Thus, this study aimed to
evaluate the postural balance of patients with PCS who were not
hospitalized using simple and easy-to-apply instruments and to
evaluate the correlations of changes in postural balance with general
fatigue, muscle strength, and QoL.

2 | METHODS

2.1 | Study design, participants and ethics

This was a cross-sectional observational study on 40 patients (out of
45 eligible) treated at basic health units of Sousa, Cajazeiras, and
Santa Cruz, all located in the state of Paraiba, Brazil, between
February and May 2021. The study participants came from a con-
venience sample. Patients were eligible if they were >18 years old,
had a previous diagnosis of COVID-19 confirmed by reverse tran-
scription-real-time quantitative polymerase chain-reaction (RT-
gPCR) and diagnosis of PCS, and did not require hospitalization or
intensive care unit (ICU) admission. PCS was characterized by a set of
clinical findings that appear during or after a SARS-CoV-2 infection
that continue for more than 12 weeks and are not explained by any
alternative diagnosis (Ayoubkhani et al., 2021). All patients were
unvaccinated against SARS-CoV-2. Patients with positive RT-qPCR
at the time of inclusion in the study and those with neurological or
musculoskeletal disease before COVID-19 were excluded.

We also evaluated a control group of 40 subjects aged >18 years
who did not have COVID-19. This group consisted of people living in
the same cities where the patients were recruited. This group was
composed of asymptomatic individuals residing in the community and
invited to attend the basic health units to carry out the RT-qPCR test
and study measurements. These subjects had no previous neurolog-
ical or orthopaedic disease and, moreover, did not have any difficulty
walking.

The project was previously approved by the National Research
Ethics Committee of Brazil under the number CAAE-
30135320.0.0000.5259 and followed the principles of the Declara-

tion of Helsinki. All participants signed an informed consent form.

2.2 | Measurements

Standardized data collection procedures for clinical use were taken
to assess postural balance, peripheral muscle strength, general fa-
tigue, and QoL (Berg et al, 1992; Ciconelli et al., 1999; Crosby
et al., 1994; Mosher & Duhamel, 2012; Tinetti, 1986).

We used the Short Form-36 (SF-36) to evaluate QoL. It is a
multidimensional and self-applied tool composed of 36 items
grouped into eight dimensions: physical functioning, physical role
limitations, bodily pain, general health perceptions, vitality, social

functioning, emotional role limitations, and mental health (Ciconelli
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et al., 1999). Their result is a score from O to 100 obtained from a list
of questions regarding various QoL aspects. The higher the score, the
better the QoL.

The BBS assesses the subject's functional balance based on 14
items common to daily life. It is a simple, safe, and easy-to-apply test.
Each item consists of a five-point ordinal scale ranging from 0O to 4
points, with a maximum score of 56. The points are based on how
long the subject can maintain a position, the distance the arm can
reach in front of the body, and the time to complete each task. In the
BBS, the lower the score the subject achieves, the greater the risk of
falls (Berg et al., 1992). Scores between 53 and 46 indicate a low to
moderate risk of falls, and scores below 46 indicate a high risk of falls
(Woollacott & Shumway-Cook, 2010).

The TBS consists of several tasks representing ADLs; the
examiner evaluates the tasks through observation. This test consists
of two parts, one that evaluates balance and the other that evaluates
gait. The TBS classifies the aspects of gait of speed, step distance,
symmetry, and balance while standing, turning, and changing position
with eyes closed. The score for each exercise ranges from O to 1 or
0 to 2, a lower score indicating poorer physical ability. The total score
is the sum of body balance and gait balance scores. The maximum
score is 28, with a score between 19 and 24 indicating a moderate
risk of falls and a score below 19 indicating a high risk of falls
(Tinetti, 1986).

To evaluate general fatigue, we used the Functional Assessment
of Chronic lliness Therapy-Fatigue (FACIT-F) scale, which has 13
questions scored from O to 4. The higher the scores, the lower the
fatigue. The score ranges from O to 52. The FACIT-F scale is an easy-
to-apply, specific fatigue assessment scale that has good represen-
tativeness of the subject (Lima et al, 2019; Mosher &
Duhamel, 2012).

To measure the handgrip strength (HGS) we used a manual
digital dynamometer (SH5001, Saehan Corporation, Korea), which
displays handgrip strength (HGS) in kilogrammes. We evaluated HGS
with the participants sitting in an armless chair, with 90° elbow
flexion, the forearms in a neutral position, and the wrist in extension
from 0° to 30° (Crosby et al, 1994). This study assessed the
maximum force after a sustained contraction of 3 s in the dominant
hand and used the highest value of three attempts at 1-min intervals

for the analysis.

2.3 | Statistical analysis

The normality of the data was assessed using the Shapiro-Wilk test;
in this analysis, the anthropometric variables for the two groups
showed a Gaussian distribution while the postural balance, general
fatigue, HGS, and QoL variables showed a non-Gaussian distribution.
The results were expressed as the mean =4 standard deviation or
median (interquartile ranges) based on the Gaussian or non-Gaussian
distribution of each variable, respectively. Anthropometric variables
between the 2 groups were compared using Student's t test for in-

dependent samples (parametric). Postural balance, general fatigue,
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HGS, and QoL between the 2 groups were compared using the
Mann-Whitney test (non-parametric). Comparisons between sexes
were made using the chi-squared test. The associations between the
body balance scales (BBS and TBS) and the other variables was
analysed by Spearman's correlation coefficient (non-parametric). The
significance level adopted was 5%. Statistical analysis was performed
using IBM SPSS Statistics version 23.0 software (IBM Corp.).

3 | RESULTS

Among the 45 patients who were evaluated for inclusion in the study,
five were excluded for the following reasons: two patients had a
report of neurological disease before COVID-19, two patients had a
report of musculoskeletal disease before COVID-19, and one patient
had a positive RT-gPCR test. Concerning controls, there were no
exclusions after the initial evaluation.

Twenty-four (60%) patients were women, with a mean age was
35 + 7.2 years. The median time after diagnosis of COVID-19 was 8
(5-12) months. Nine (22.5%) patients had a BBS lower than 46
points, while seven (17.5%) patients had a TBS lower than 19 points.
When compared to controls, patients with PCS had lower scores on
the BBS [53 (46-56) vs. 56 (56-56), p = 0.001] and TBS [27 (22-28)
vs. 28 (27-28), p = 0.001]. The FACIT-F scale score was also signif-
icantly lower in PCS patients [39.5 (28-46) versus 48.5 (41-52),
p = 0.0001]. HGS was lower in the PCS patients than in the controls,
but not significantly [26.7 (22-36) vs. 28.5 (23-36), p = 0.09]. The
anthropometric data, postural balance, and functionality of patients
and controls are shown in Table 1.

Regarding the QoL measured by the SF-36, the PCS patients
showed worse evaluations in the following dimensions: physical
functioning [90 (66-100) vs. 100 (86-100), p = 0.032]; physical role
limitations [87.5 (50-100) vs. 100 (100-100), p = 0.003]; bodily pain
[52 (41-82) vs. 84 (74-84), p = 0.0004]; general health perceptions
[60 (52-67) vs. 66 (52-80), p = 0.044]; and mental health [70 (49-92)
vs. 84 (81-92), p = 0.009]. The QoL data of patients and controls are
shown in Table 2.

Table 3 shows the associations between postural balance mea-
sures (BBS and TBS) and measurements of functionality and QoL in
the group of patients with PCS. BBS score correlated significantly
with the FACIT-F score (rs = 0.482, p = 0.002) and HGS (r; = 0.602,
p < 0.0001) (Figure 1) and with the SF-36 dimensions measuring
physical role limitations (rs = 0.480, p = 0.002) and emotional role
limitations (r, = 0.487, p = 0.001). TBS score correlated significantly
with the FACIT-F score (rs = 0.376, p = 0.016) and HGS (r; = 0.462,
p = 0.02) (Figure 1) and with the SF-36 dimensions measuring
physical role limitations (r; = 0.539, p = 0.0003) and emotional role
limitations (r; = 0.531, p = 0.0004). The BBS and TBS scores were
correlated with each other (r; = 0.740, p < 0.0001).

To provide context for interpreting the null findings, a post hoc
analysis was performed using G*Power software. Based on the
comparisons made with Wilcoxon-Mann-Whitney test, in a balanced

design (1:1: ratio of patients:control), and pre-specified type-I error
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TABLE 1 Anthropometric data, postural balance, general fatigue, and handgrip strength of the post-acute COVID syndrome and control

groups

Post-acute COVID-19

syndrome group (n = 40)

Anthropometric data

Male/female 16/24

Age (years) 35+72

Weight (kg) 768 + 13.9

Height (m) 1.66 + 0.09

BMI (kg/m?) 27.2 + 3.9
BBS (Points) 53 (46-56)
TBS (points) 27 (22-28)
FACIT-F scale (points) 39.5 (28-46)
HGS (kgf) 26.7 (22-36)

Control group

(n = 40) p Value
17/23 0.82°
34 +97 0.58°
727 + 12.6 0.17°
1.68 + 0.09 0.10°
253 + 3.8 0.07°
56 (56-56) 0.001°
28 (27-28) 0.001°
48.5 (41-52) 0.0001°
28.5 (23-36) 0.09°

Note: The values shown are mean + SD or median (interquartile range). Bold type indicates significant differences.

Abbreviations: BBS, Berg Balance Scale; BMI, body mass index; FACIT-F, Functional Assessment of Chronic lliness Therapy-Fatigue; HGS, handgrip

strength; TBS, Tinetti Balance Scale.
2The p value was calculated using the chi-squared test.

The p value was calculated using the Student's t test for independent samples.

“The p value was calculated using the Mann-Whitney test.

TABLE 2 Quality of life assessed by the Short Form-36 of the post-acute COVID-19 syndrome and control groups

Post-acute COVID-19
syndrome group (n = 40)

Physical functioning 90 (66-100)

Physical role limitations 87.5 (50-100)

Bodily pain 52 (41-82)
General health perceptions 60 (52-67)
Vitality 62.5 (50-85)
Social functioning 62.5 (50-88)
Emotional role limitations 90 (33-100)
Mental health 70 (49-92)

Control group

(n = 40) p Value
100 (86-100) 0.032%
100 (100-100) 0.003*
84 (74-84) 0.0004°
66 (52-80) 0.044°
65 (55-75) 0.33%
68.8 (63-97) 0.25%
100 (67-100) 0.096%
84 (81-92) 0.009*

Note: The values shown are median (interquartile range). Bold type indicates significant differences.

®The p value was calculated using the Mann-Whitney test.

of 5% (two-tailed), the achieved power was 94%, 99%, 98%, and 6%
for BBS, TBS, FACIT-F, and HGS, respectively.

4 | DISCUSSION

Understanding the deficiencies allows directing rehabilitation to the
real needs of patients with PCS. Thus, a comprehensive clinical
assessment of postural balance is important for both diagnostic and
therapeutic reasons in clinical practice. The main finding of the pre-
sent study was that patients with PCS had worse postural balance
than controls. These patients had greater general fatigue and worse

QoL in the form of bodily pain, physical role limitations, and mental

health. In addition, their postural balance was correlated with general
fatigue, HGS, and QoL (emotional role limitations and physical role
limitations). To the best of our knowledge, this is the first study to
evaluate postural balance in patients with PCS who were not hos-
pitalized using simple tests that are easily applicable in routine clin-
ical practice.

An intact postural balance is necessary not only to maintain
postural stability, but also to ensure safe ADL-related tasks such as
standing while performing manual tasks, rising from a chair, walking,
and turning (Mancini & Horak, 2010). In the present study, almost a
quarter of patients had BBS and/or TBS scores suggesting a high risk
of falls. The various balance tests show distinct particularities and

limitations, so it is reasonable to apply more than one instrument to
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TABLE 3 Spearman's correlation coefficients between
postural balance measures, functionality measures, and quality of
life among subjects with post-acute COVID-19 syndrome

Postural balance

BBS TBS

rs p Value rs p Value
FACIT-F scale 0.482 0.002 0.376 0.016
HGS 0.602 <0.0001 0462 0.002

Physical functioning 0.280 0.08 0.228 0.16

Physical role limitations 0.480 0.002 0.539  0.0003

Bodily pain 0.179 0.27 0.086  0.60
General health perceptions  0.081 0.62 0.055 074
Vitality 0.251 0.12 0.120 046
Social functioning 0.035 0.83 0.068 0.68
Emotional role limitations 0.487 0.001 0.531  0.0004
Mental health 0.158 0.33 0.140 0.39

Note: Bold type indicates significant correlations.

Abbreviations: BBS, Berg Balance Scale; FACIT-F, Functional
Assessment of Chronic Iliness Therapy-Fatigue; HGS, handgrip strength;
TBS, Tinetti Balance Scale.

ensure better assessments (Postigo-Martin et al., 2021). Regarding
the psychometric characteristics of the scales used in our study, both
the BBS and the TBS assess the individual's balance in representative
situations of ADLs (Karuka et al., 2011). However, it is important to
note that the BBS has poor sensitivity and the TBS has poor speci-
ficity, and both scales have a ceiling effect for younger people with
balance deficits (Mancini & Horak, 2010).

To quantify the balance deficit and proprioception related to
PCS, Gervasoni et al. (2022) analysed the data of 66 post-COVID-19
outpatients using a hunova robotic device. The hospitalized group
performed worse than the non-hospitalized group both in the oscil-
lation trajectory and in the oscillation range, their worst performance
being with their eyes closed. These authors speculated that neuro-
tropism, the neuroinflammatory component of COVID-19 infection,
and the myopathic changes induced by SARS-CoV-2 may have
contributed to this multisensory integration deficit, although psy-
chological or psychiatric aspects may also have played a role. Using a
stabilometric platform, Giardini et al. (2022) observed poor dynamic
balance and increased sway during quite stance in patients who had a
severe form in the acute phase of COVID-19; however, hospitaliza-
tion itself can result in balance problems and muscle weakness that
are not necessarily related to COVID-19.

In our study, patients with PCS had worse general fatigue than
controls, with a large difference in the FACIT-F score between
groups. Although they used other self-assessment scales to measure
perceived fatigue, Ortelli et al. (2021) found significantly worse
scores in post-COVID-19 patients than in healthy controls. Inter-
estingly, we observed significant correlations between general fa-

tigue (assessed by the FACIT-F scale) and postural balance (assessed

by both BBS and TBS). In COVID-19, the combination of the cytokine
storm and the entry of the virus into the CNS can cause neuro-
inflammation that can lead to prolonged generalized symptoms,
including general fatigue and worse postural balance. However, there
are other hypotheses that focus more on neurological issues sec-
ondary to vascular rupture than the direct penetration of the virus
into neurons (Malik et al., 2022). An imbalance between the neural
circuits of GABAergic and dopaminergic transmission has been
postulated to explain the general fatigue (Ortelli et al., 2021), and it
may explain, at least in part, the relationship between general fatigue
and postural imbalance.

It is worth noting the significant associations that we observed
between postural balance scores and HGS, since HGS is suggested to
have a relationship with post-COVID-19 health status, including
overall muscle performance (Tanriverdi et al., 2021). Unlike our
study, which showed no significant differences in HGS between pa-
tients with PCS and controls, Tanriverdi et al. (2021) observed
reduced HGS in 39.6% of the participants when they were evaluated
3 months after the diagnosis of COVID-19. Comparing institution-
alized older adults at two moments of the COVID-19 pandemic,
Greco et al. (2021) found a 19% greater deterioration in HGS in the
COVID-19 patients than the controls. A possible explanation for the
non-significant difference we found in HGS is that we did not include
patients who required hospitalization or ICU admission. In fact, PCS
survivors who are hospitalized or critically ill in the ICU may develop
significant muscle loss with impaired muscle function (Greve
et al., 2020; Postigo-Martin et al., 2021).

PCS is associated with a low QoL that can negatively impact the
functionality and difficulty of participation in the social life, including
the inability to work (Lemhofer et al., 2021). We observed reductions
in several dimensions of the SF-36 in patients with PCS compared
with healthy controls, especially in physical functioning, physical role
limitations, bodily pain, general health perceptions, and mental
health. Evaluating 1027 patients who had mild or moderate COVID-
19, Lemhofer et al. (2021) also observed low QoL in several di-
mensions of the SF-36. This may be related to the findings that
mental disorders are common in patients after SARS-CoV-2 infection
(Malik et al., 2022; Townsend et al., 2020). Furthermore, a worse QoL
in these patients may be associated with worsening dyspnoea, neu-
health (Malik
et al., 2022; Yardley & Redfern, 2001), which may reflect a worsening

ropsychological disorders, and worse mental

of postural balance, as shown in our results.

41 | Study limitations

The strength of this study is that it evaluated postural balance in
patients with PCS and its associations with extrapulmonary mani-
festations, as compared with control subjects matched by anthro-
pometric variables, and both were from multiple centres. However,
we should point out some of the limitations of the study. First, this
was a cross-sectional observational study, which impairs a cause-
and-effect analysis; thus, the lack of pre-COVID-19 measures
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FIGURE 1 Relationships of Berg Balance Scale (BBS) score with the Functional Assessment of Chronic lliness Therapy-Fatigue (FACIT-F)
score (rs = 0.482, p = 0.002) (a) and handgrip strength (HGS) (r; = 0.602, p < 0.0001) (b). Relationships of Tinetti Balance Scale (TBS) score with
FACIT-F score (rs = 0.376, p = 0.016) (c) and HGS (r; = 0.462, p = 0.002) (d)

hinders the interpretation and generalization of our results. Second,
we also did not use more objective tools to evaluate postural balance,
although our aim was to evaluate more accessible tests in clinical
practice. Third, the use of scales can help to assess the risk of falls,
but it does not differentiate between types of balance deficits
(Mancini & Horak, 2010). Finally, we did not recruit patients with PCS
who had recovered from severe or critical illness, although this
choice allowed us to focus more on the late effects of SARS-CoV-2 on
postural balance, reducing confounding factors. Despite these limi-
tations, this study may serve as a starting point for randomized
controlled trials of more patients who can be subjected to more so-

phisticated methods for the evaluation of postural balance in PCS.

5 | CONCLUSION AND IMPLICATIONS FOR
PHYSIOTHERAPY PRACTICE

Using simple tests and tools, we evaluated changes in postural bal-
ance in patients with PCS who were not hospitalized and analysed
how the changes in postural balance were correlated with general

fatigue, muscle strength, and QoL. Our results indicate that survivors
of SARS-CoV-2 infection have worse postural balance than controls,
which points to a greater risk of falls. PCS patients had more general
fatigue and worse QoL. Postural balance was correlated with general
fatigue, HGS, and Qol, suggesting a possible link between balance
damage and muscle dysfunction in patients with PCS. Thus, the
routine assessment of postural balance should be considered in the
follow-up of patients with PCS. This may allow the early detection of
changes in postural control and the introduction of rehabilitation
strategies, including balance and mobility physiotherapy, even in non-

severe patients.
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