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Balance and visual reliance in post-COVID syndrome patients assessed
with a robotic system: a multi-sensory integration deficit

Fabrizio Gervasoni'© - Antonella LoMauro?® - Vincenzo Ricci' @ - Gregorio Salce>® - Arnaldo Andreoli’ -

Alessandro Visconti* - Leonardo Pantoni’

Received: 6 September 2021 / Accepted: 29 September 2021 / Published online: 6 October 2021
© Fondazione Societa Italiana di Neurologia 2021

Abstract

The symptoms of SARS-CoV-2 infection are not limited to the acute phase, with vertigo, peripheral neuropathies, head-
ache, fatigue, memory loss, and depression being the most common post-acute clinical manifestations. Such post-COVID
syndrome is a new clinically relevant challenge for diagnosis and therapy. Our goal was to quantify deficit in balance and
proprioception related to post-COVID syndrome and, in this sense, we prospectively analyzed data of 66 post-COVID-19
outpatients (mean age 47.3 +11.1 years, 50 females, 25 hospitalized), evaluated using the robotic device hunova. The
dynamic balance was assessed with open (OE) and closed eyes (CE) and three indexes, proportional to subject instability,
were measured: the sway path and two oscillation ranges. Hospitalized group showed the worst performance with respect
to non-hospitalized patients and normality range in both visual conditions for the sway path and the oscillation ranges, with
the worst performance being with CE. When compared to normality ranges, post-COVID patients were significantly more
distant from normality in the OE condition compared to the CE condition. These results suggest that independently from the
severity of the disease experienced, post-COVID syndrome makes the elastic balance test performances more distant from
the normality when the subject integrates vision, somatosensory information, and vestibular information. In the absence of
visual feedback, patients seem to implement compensatory strategies, presumably seeking more significant feedback from
the lower limbs, which improve their performance. These data suggest a new mechanism of the post-COVID syndrome that
deserves further investigation for its potential impact on activities of daily living.
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The symptoms of SARS-CoV-2 infection are not limited
to the acute phase and may persist many months after the
testing becomes negative [1], also after the milder form of
the disease [2]. These manifestations affect not only the
lungs—primary organs involved during the first stages—but
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also other organs, apparatus, and systems as the central and
peripheral nervous systems. Among the most common clin-
ical manifestations are vertigo, myalgias, peripheral neu-
ropathies, headache, sleep disturbances, brain fog, fatigue,
memory loss, and depression.

Considering neuromotor COVID-19 sequelae, two are the
possible etiopathogenetic mechanisms: (1) immobilization
and body pronation in patients admitted to intensive care
unit and (2) SARS-CoV-2 neurotropism [3]. The former
could cause joint stiffness and compression neuropathies
[4]; the latter could be related to peripheral neuropathies,
balance disorders, and diffuse myalgias.

The post-COVID syndrome is becoming a new clini-
cally relevant challenge that needs profound attention from
the therapeutic point of view, but also in terms of diagno-
sis. Building rational and effective strategies for treating
the disabling consequences of COVID-19 is a clinical pri-
ority, with important economic implications and relevance
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for public health. Only with a better knowledge of post-
COVID syndrome and standardized clinical and instru-
mental screening protocols, it will be possible to identify
signs and symptoms of COVID-19 multi-systemic involve-
ment at an early stage and promptly set up an appropriate
and effective rehabilitation treatment.

In this sense, we prospectively analyzed the data of
post-COVID-19 outpatients at the Rehabilitation Unit
of the Luigi Sacco Hospital (Milan, Italy) diagnosed
over the last 6 months. Sixty-six patients (mean age
47.3 +11.1 years, age range 22-65, 50 females) were
evaluated (inclusion criteria: positive test for COVID-19 in
the last 12 months and negative test for COVID-19 at the
time of assessment) and treated according to the national
guidelines and to the ethical standards of the Declaration
of Helsinki. They all signed informed consent.

The severity of COVID-19 was scored from 1 to 6
(1 =asymptomatic; 2 = paucisymptomatic illness, not requir-
ing hospitalization; 3 =hospitalization without the need for
oxygen therapy; 4 =hospitalization with need for oxygen
therapy; 5 =hospitalization with need for ventilatory sup-
port with CPAP helmet; and 6 =hospitalization with need
for oro-tracheal intubation). Accordingly, 25 patients were

classified as hospitalized (H, score > 3), and 41 as not hos-
pitalized (NH, score <2).

Our main goal was to quantify—with a standardized and
accurate protocol—the deficit in balance and proprioception
in patients with a diagnosis of post-COVID syndrome, using
the innovative robotic device hunova [5]. The technologic
device integrates robotic platforms and wearable devices to
generate complex and variable interactions with the patient
for functional sensory motor evaluation and rehabilita-
tion treatment of the ankles, trunk, and lower limbs. The
objective measurement of the aforementioned interactions,
combined with dedicated elaborations of the data collected,
allows planning a tailored rehabilitation treatment, different
for each and every patient.

In the present study, the dynamic balance was evalu-
ated with open (OE) and closed eyes (CE). Patients had to
maintain balance while standing on a platform with a slight
instability that follows the oscillations of their bodies. Three
indexes, proportional to subject instability, were measured:
the sway path and the oscillation ranges in the antero-
posterior (AP) and medio-lateral (ML) directions (Fig. 1)
[6-8]. Finally, for each visual condition, and each subject,
an overall and normalized score of balance performance
was computed. This was a mean z-score that compared the
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Fig.1 Left panels: Representative of the center-of-foot pressure
trace during the dynamic balance of a patient with open (top) and
closed (bottom) eyes. The oscillation ranges in the antero-posterior
(AP) and medio-lateral (ML) directions were quantified by project-
ing the angular displacement of the platform on a plane. The sway
path is the length of the trajectory. Middle panel: Median (symbols)
and interquartile range (whiskers) of the ML (x-axis) and AP (y-axis)
of overall post-COVID syndrome patients (triangles), also splint in
hospitalized (circles) and non-hospitalized (squares) patients, with
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open eyes (OE, open symbols) and closed eyes (CE, close symbols).
* k¥ p<0.05, 0.001 hospitalized vs non-hospitalized patients; °°°:
p<0.001 CE vs OE. Right panel: Median (symbols) and interquartile
range (whiskers) of the sway path of overall post-COVID syndrome
patients (triangles), also splint in hospitalized (circles) and non-hos-
pitalized (squares) patients, with open eyes (OE, open symbols) and
closed eyes (CE, close symbols). ***: p <0.001 hospitalized vs non-
hospitalized patients; °°°: p <0.001 CE vs OE
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values of the single subject with the corresponding mean
and standard deviation of normality, assessed as a sample
of 80 healthy young subjects (mean age 26.4 +5.9 years, 40
females) and 41 older healthy subjects (mean age 50.7 +7.4
years, 20 females) acquired with the same protocol.

Because normality distribution failed (Kolmogo-
rov—Smirnov tested), the Wilcoxon signed-rank test was
applied to compare the two visual conditions (OE vs CE)
while the Mann—Whitney U test to analyze group differences
(H vs NH patients). The Bonferroni correction for multiple
comparisons was performed, with the significance threshold
set at 0.025 (MATLAB 2017b; MathWorks, Natick, MA,
USA).

The H group showed the worst performance with respect
to NH patients and normality range. This occurred in both
visual conditions for the sway path and the oscillation
ranges. As expected, the worst performance was with CE in
both groups (Fig. 1). When compared to normality ranges,
post-COVID patients were significantly more distant from
normality in the condition with OE compared to the CE
condition (Fig. 2).

These results showed that, independently from the sever-
ity of the disease experienced, post-COVID syndrome
makes the performances in the elastic balance test achieved
with OE be more distant from the normality than the same
test performed with CE. These unexpected results led us to
some considerations. In the OE condition, the subject inte-
grates the information of three sensory systems—vision,
somatosensory, and vestibular information—while visual
feedback is missing with CE. Once the visual component
is excluded, patients with post-COVID syndrome seemed
to improve their performance presumably because they
seek more significant feedback from the lower limbs. The
unstable platform returns less accurate sensory data, there-
fore requiring greater adaptation and more precise use of
somatosensory information. In the absence of visual feed-
back, patients seem to implement compensatory strategies
that improve their performance. A similar failure in inte-
grating different sensory inputs (visual and somatosensory)
was observed in older adults and also in multiple sclerosis
patients whose visual reliance prevails when feedback from
lower limbs is compromised [9].

We can speculate that the neurotropism, the neuroinflam-
matory component of the COVID-19 infection, and the myo-
pathic changes induced by the SARS-CoV-2 infection might
be the causes contributing to this multi-sensory integration
deficit, although, emotional, psychological, or psychiatric
aspects might also play a role. A functional neurological
disorder cannot be excluded [10].

These data suggest a new mechanism of the post-COVID
syndrome that deserves further investigation for its potential
impact on activities of daily living.
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Fig.2 Median (symbols) and interquartile range (whiskers) of
the overall score compared to normality (zero line) of overall post-
COVID syndrome patients (triangles), also splint in hospitalized (cir-
cles) and non-hospitalized (squares) patients, with open eyes (OE,
open symbols) and closed eyes (CE, close symbols). ***: p<0.001
hospitalized vs non-hospitalized patients; °°°: p <0.001 CE vs OE
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