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Abstract. Visual impairment jeopardizes body kinematics and environmental interac-
tions progressively leading to postural instability, coordinative deficits, and quality of
life reduction. Although vision plays a key role in motor function, sensorimotor con-
trol mostly relies on proprioceptive inputs provided while dynamically interacting with
gravity, and its efficiency is frequency dependent. Therefore, targeted proprioceptive
training is necessary to counteract the disability-related deficits. The present prelimi-
nary study investigated the effects of an adapted proprioceptive intervention on sen-
sorimotor control of blind adults aiming to improve postural stability, body awareness,
coordination, and daily functionality. Twenty legally blind adults aged 18-60 voluntar-
ily adhered to the study. Before and after taking part in the targeted 8-week proprio-
ceptive training intervention, sensorimotor control was evaluated by Brief BESTest and
a biofeedback-based device (Libra Easytech) able to adapt multimodal high-frequency
stimulation to the specific needs of blind subjects. Psychological well-being and quality
of life were also assessed using the 18-item Psychological Well-being and 12 item-Short
Form questionnaires, respectively. Post-intervention evaluation revealed a statistically
significant improvement in ankle stability/mobility and orthostatic postural control/
reactivity in micro and macro instability conditions. Our findings suggest that a target-
ed metamodal sensorimotor protocol conceived, led, and monitored by a specialized
kinesiologist may effectively improve proprioceptive control in visually impaired indi-
viduals. The present research might also offer innovative methodological hints to apply
in further studies aimed at boosting sensorimotor efficiency and daily functionality in
this still under investigated population.

Keywords: proprioception, postural re-education, blindness, adapted kinesiology,
functionality, biofeedback.

INTRODUCTION

Physical inactivity, increasingly prevalent and identified as the fourth
risk factor for global mortality, negatively impacts psychophysical well-being
and functionality, causing a dangerous decline in the general health of pop-
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ulation in all age groups (Stamatakis et al., 2019). Pos-
ture is an important health indicator, consequently, any
alterations caused by sedentariness, aging or vulnerable
health conditions are often associated with psychophysi-
cal disorders that jeopardize autonomy, self-esteem, soci-
oemotional functioning, and quality of life (Harvey et
al., 2020). Since humankind assumed upright stance, the
postural tonic system is responsible for neuromuscular
modulation to actively counteract atmospheric pressure
and gravity allowing to maintain verticality. In a broad
sense, two macro-components contribute to postural
control, namely the musculoskeletal and the neuromotor
system. The latter includes sensory (proprioceptive, visu-
al, and vestibular systems), cognitive (adaptive and antic-
ipatory) and motor (finalized motor gesture realization)
processes. Concerning the somatosensory aspect, pos-
tural control is based on the coordinated and synergistic
intervention of three stabilizers, namely proprioceptive,
visual, and vestibular systems (Forbes, Chen & Blouin,
2018; Aspell, Lenggenhager & Blanke, 2012). Specifically,
the former makes use of a peripheral network of sensors
distributed in every muscle-tendon-articular district able
to inform at high speed the more archaic structures of
the nervous system. It is simultaneously involved in the
effector response since the fine muscle tone modulation
depends on some of the receptors. Given all these pecu-
liarities, it is referred to as the primary stabilizer because
the most precocious postural responses are activated by
its afferents. The second one can be likened to a point-
ing system that allows body anchoring to fixed envi-
ronment points by integrating and improving the accu-
racy of archeoproprioceptive postural control; precisely
because it prioritizes accuracy over speed, it is termed
the secondary stabilizer. Finally, the last one registers
linear and angular accelerations of the head and, owing
to a higher activation threshold, is the belated stabi-
lizer; a kind of emergency system capable of overriding
the previous two only if head movements exceed a cer-
tain amplitude and speed (Forbes, Chen & Blouin, 2018;
Aspell, Lenggenhager & Blanke, 2012). The abovemen-
tioned hierarchical order is generally respected in physi-
ological conditions while in conflicting situations known
as sensory mismatch, or in case of deficits, each system
is able to compensate for the inefliciency of the others
by becoming the primary stabilizer, despite its inherent
peculiarities and purposes (Block & Liu, 2023). Optimal
functionality can only be ensured if all systems are used
according to their potential, and if they are constantly
and specifically stimulated and educated for selective
integration.

Although the visual system represents the most spe-
cialized tool in processing details and environmental top-
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ographical aspects and in providing postural anchorage,
an efficient and effective sensorimotor control requires
the cooperation of all sensory channels in respect of the
multimodal nature of reality (Aspell, Lenggenhager &
Blanke, 2012). At the functional level, visual apparatus
enables the evaluation and processing of information
about body position in space, adjusting posture accord-
ingly and ensuring gestures accuracy and a correct motor
reaction timing. Therefore, a partial or total sight defi-
cit generates inadequate interaction with the surround-
ing environment with consequent deficiencies in global
and segmental coordination and postural control, ulti-
mately altering gait and balance patterns (Alotaibi et al.,
2016). In addition, visual deprivation results in negatively
altered global and segmental kinematics, head-trunk-
pelvis coordination, and core muscle recruitment, fur-
ther challenging the safety, autonomy, and mobility of the
affected individuals, both in daily and recreational and/
or sports activities (West et al., 2002).

In everyday life, human beings maintain upright
posture in a dynamic environment that continuously
and rapidly changes, globally entailing the sensorimotor
sphere in a multimodal way. Hence, in order to inves-
tigate postural control in a real setting, it is important
to inquire stability in orthostatic position by apply-
ing variegated environmental conditions, especially
those characterized by perturbations (Chagdes et al.,
2013). Since sight crucially contributes to anticipatory
and reactive postural control, orientation, and accu-
racy of motor execution, in case of visual disability, the
dynamic interaction with the spatiotemporal dimension
is strongly altered (Alghadir, Alotaibi & Igbal, 2019; Bell
et al., 2019). Despite such disability-related deficits, it is
crucial to remember that the most efficient and reliable
contribution to maintaining static and dynamic balance
comes from the proprioceptive stabilizer and from the
inputs provided by the foot sole interacting with gravity
and the support surface. Under physiological conditions
and in the absence of sensorimotor deficits, the nervous
system places greater weight on somatosensory inputs,
but in the process of learning new motor patterns, pro-
longed immobility, sedentariness, or disability, reliance
on this privileged source may progressively fail until a
total inhibition (Canu et al., 2019). Postural control and
neuromuscular efficiency are structured and refined
throughout life conforming to the psychophysical devel-
opment degree, the acquired motor background and,
above all, the utilization level. As widely demonstrated,
the only effective way to stimulate and reinstruct the
archeoproprioceptive system is to make it regularly expe-
rience disequilibrium and instability with the highest
number of biomechanical situations to handle in time
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unit, hence providing a high-frequency proprioceptive
input flow (Riva et al., 2016, 2019). Therefore, the real
challenge is to re-educate functional capacities phyloge-
netically deputed to sensorimotor control that progress
or certain health conditions may relegate to a dangerous
disuse hibernation. It has been shown that propriocep-
tive system eflicacy is stimulus- and frequency-specific,
and the best motor efficiency predictor is represented by
orthostatic monopodalic stability (Riva et al., 2013). For
this reason, re-educating the aforementioned stabilizer
requires the application of technological tools purpose-
ly designed for high-frequency proprioceptive evalua-
tion and training (Riva et al., 2019). Though still poorly
applied in scientific research, technological devices to
investigate and quantify postural control efficiency have
been recently introduced. Specifically, such innovative
tools embody sensorized proprioceptive boards provided
with a biofeedback-based digital interface designed to
assess and train functional stability taking into account
the multimodal complex nature of reality (Bronstein,
2016; Cheung & Schmuckler, 2021; Carretti et al., 2023).
From an operational perspective, biofeedback technology
transduces the micro and macro postural adjustments
into real-time multisensory signals consequently bring-
ing undetectable input to a conscious level, thus opti-
mizing sensorimotor control and motor learning timing
(Francesconi & Gandini, 2015). The importance of inte-
grating proprioceptive exercises into any type of workout
program has long been recognized (Winter et al., 2022).
In adults, especially those affected by sensory impair-
ments, proprioceptive re-education assumes a funda-
mental role in the preservation of functionality, autono-
my, and quality of life. However, despite the well-known
benefits of regular physical activity in disabled individu-
als, no specific guidelines are still available for visually
impaired, and a substantial percentage of them do not
even meet the minimum levels of practice globally estab-
lished for the general population (Carty et al., 2021).
At the same time, increasingly strong evidence can be
found in the literature regarding the close link between
motor performance, function, and physical activity lev-
els in this target population. In fact, if the vestibular and
proprioceptive stabilizers are systematically stimulated
through adapted and targeted motor proposals based
on these vicarious senses, visually impaired subjects can
become as efficient as sighted peers, not only in daily life
activities but also in recreational and sport ones (Rogge
et al., 2021). Consequently, regular involvement in pro-
prioceptive training protocols can benefit first and fore-
most those individuals but, in a broader and longer-term
perspective, also the community in which they live and
which they relate with (Rogge et al., 2021).
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On this basis, the purpose of this preliminary study
was to investigate and deepen the effects of an adapted
proprioceptive training (APT) intervention on balance
and sensorimotor control of blind adults to improve
their function and perceived quality of life. By applying,
for the first time in blind subjects, a biofeedback-based
device and a metamodal approach, both for testing and
training, our study also provides methodological-didac-
tic hints to be applied in future research concerning this
growing but still under investigated target population.

MATERIALS AND METHODS
Participants

The study enrolled 20 subjects who provided their
signed informed consent and voluntarily adhered to the
training intervention and related assessment procedures.
Specifically, the sample comprised 9 women and 11 men
aged 19 to 56 years, all acknowledged as totally blind
according to the Italian Law n.138/April 3, 2001. Inclu-
sion criteria were age between 18-60 years and the legal
certification of absolute blindness, while the presence of
any additional concomitant physical and/or intellectual
disability constituted exclusion criteria. The request for
participation in the study was promoted using the offi-
cial communication channels made available by some
associations specialized in adapted physical/sport activ-
ity for visually impaired individuals, specifically, Italian
Blind Baseball Association (AIBXC), A.S.D. Polisportiva
Fiorentina Silvano Dani A.P.S. and A.S.D. Blind Fight-
ers of Florence and A.S.D. Virtus Tennis of Bologna. The
proposed sensorimotor training was carried out in the
venues of these associations as a temporary replacement
of the activities regularly practiced by the members but
suspended due to the COVID-19 restrictions in force in
Italy during the adherence to the study. On this basis,
the overall study sample of 20 subjects was set up by
pooling three groups: two in the Florentine metropoli-
tan area and one in the city of Bologna. Concerning any
possible physical risk, all the subjects were in possession
of a mandatory valid medical certificate for motor and/
or noncompetitive sport practice issued by a sports doc-
tor. Therefore, the study participants could be consid-
ered as physically active individuals but not athletes. Fig-
ure 1 provides a schematic representation of participant
recruitment and inclusion/exclusion criteria.

As commonly provided for Italian sport asso-
ciations, in the act of renewing the annual member-
ship, each member signed up an informed consent
and agreed to participate in the training and testing
activities promoted by the technical staff during the
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INCLUSION CRITERIA EXCLUSION CRITERIA

+  Any additional concomitant physical and/or

+ Absolute blindness (ltalian Law 138/2001) intellectual disability

= Age 18-80 years + Any medical contraindication to physical activity

practice

Group 1
4 women

Group 2
4 women
3 men

2 men

Group 3

1 woman
6 men

Total study sample
20 subjects

(9 women and 11 men)

Figure 1. Schematic representation of participant recruitment and inclusion/exclusion criteria to set up the total study sample consisting of

20 legally blind adult subjects.

whole sport season. According to the Italian Legisla-
tive Decree 36/2021, our adapted training protocol was
designed, proposed, supervised, and carried out, in a
non-medicalized context, by a legally acknowledged and
staff-integrated kinesiologist. Given the double affilia-
tion, both in the kinesiological and research field, such
a professional figure personally managed the protocol
administration and data evaluation/collection strictly
following the regulations provided and agreed by the
management of each sport association adhering to the
study. Specifically, since they are private institutions
owing long-term expertise in testing and training visu-
ally impaired individuals, not comparable to academic
or healthcare ones, the study design was carefully exam-
ined and approved by the internal review board of each
involved sport association constituted by legal and tech-
nical experts. All study procedures were conducted fol-
lowing the rules of the Declaration of Helsinki of 1975
(https://www.wma.net/what-we-do/medical-ethics/
declaration-of-helsinki/), revised in 2013, and reviewed
and approved by the Review Board of A.S.D. Polispor-
tiva Fiorentina Silvano Dani A.P.S, c/o Unione Italiana
Ciechi e Ipovedenti, Florence, Italy (approval number
2021/09.09). As clearly reported in the informed consent
form signed by all participants, in the act of adhering
to the study they deliberately and consciously gave their
consent not only to participate in the study procedures

but also to data collection, storage, and utilization for
scientific publications. In agreement with the above-
mentioned form, data was treated, processed, and stored
in a completely anonymous way for the purposes of
this study. In particular, the obtained information was
entered into an electronic datasheet identifying each
participant by a unique alphanumeric ID, not mention-
ing or making any sensitive data accessible.

Methodologies and measurements

The present investigation was conceived as a pre-
post study on 20 totally blind adults all performing
the same tailored proprioceptive training. Before and
after taking part in the adapted protocol, all study par-
ticipants filled out a structured questionnaire purposely
designed using the Google Forms platform and sent by
e-mail in the form of a direct access link to the form.
Given the visual impairment of the investigated sample,
survey compilation was carried out using specific assis-
tive speech synthesis technologies. The first section of
the self-administered baseline questionnaire was aimed
at collecting sociodemographic data regarding age, gen-
der, educational status, occupation, and visual impair-
ment classification. In addition, to assess the motor
background of each participant, the above section also
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collected information regarding current and previous
motor/sport practice. The second and final section of
the questionnaire comprised the 18-item Italian ver-
sion of the Psychological Well-Being Scale (PWB-18)
(Ruini et al., 2003) and the 12-item version of the Short
Form questionnaire (SF-12) (Apolone et al., 2001) to
investigate psychological well-being and perceived qual-
ity of life, respectively. Both these validated and widely
applied qualitative tools have been already administered
and described in our previous studies addressing visu-
ally impaired individuals (Carretti et al., 2022). Moreo-
ver, the post-protocol questionnaire also investigated the
level of satisfaction concerning the proposed motor con-
tents, the applied leading methodology, and the compe-
tence of the adapted physical activity kinesiologist.
Similarly, all the anatomo-functional and senso-
rimotor assessments were also performed at baseline
and post-intervention. Bilateral ankle active range
of motion (AROM) was measured, unloading, in the
movements of flexion-extension and inversion-eversion
using digital postural goniometer and placing the sub-
ject in supine and prone decubitus position (Clarkson,
2023). The Knee to wall Test, also referred to as Lunge
Test, was also administered, strictly following the offi-
cial guidelines available in literature (Clanton et al.,
2012), to assess the tibio-tarsal joint mobility in dorsi-
flexion and loading conditions. The Brief BESTest, a
shortened version of the original Balance Evaluation
Systems Test (BESTest), which involves 8 items assess-
ing postural control in orthostatic position and dur-
ing walking, was administered to the whole sample. An
evaluative scale ranging from 0 to 3 points is applied
to each item so the total score ranges between 0 and
24 points, with higher values corresponding to a bet-
ter static and dynamic postural control (Padgett, Jacobs
& Kasser, 2012). Finally, the efficiency of propriocep-
tive stabilizer in dynamic postural control was tested
by making use of the Libra sensorized proprioceptive
board (Easytech s.r.l, Borgo San Lorenzo, Florence, Ita-
ly), an innovative device capable of providing accurate
and reliable quantitative data (Tchérzewski, Jaworski &
Bujas, 2010). Specifically, it consists of a sensorized tilt-
ing board equipped with interchangeable rolling wedges
that allow variable oscillation degrees. Such a tool has
been validated for balance assessment, calculation of
global stability index in relation to visual anchorage,
and ankle sprain risk index. Libra can be connected,
via USB, to any computer and the software interface,
equipped with biofeedback, allows to set different path
patterns which can be displayed on the computer screen
as a roadway laterally bounded by two parallel lines.
During the board swing, whenever these limits are
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approached or exceeded, a special graphical and acous-
tic feedback is played to signal the departure from the
equilibrium position (Tchérzewski, Jaworski & Bujas,
2010). The digital interface also offers two validated pre-
set tests, specifically, Spielman-De Gunsch (SDG) Test
and Cauquil-De Gunsch (CDG) Test. In both tasks, the
subject is asked to stand up in orthostatic position on
Libra while trying to control oscillations by keeping it
as parallel to the floor as possible, as generally required
during balance exercises on traditional proprioceptive
board (https://www.easytechitalia.com/prodotti/libra/).
The SDG Test allows the assessment of global postural
stability and the subsequent fall risk in orthostatic bipo-
dalic support, in relation to three different conditions
of visual anchorage: visual feedback with no head coor-
dination constraints, gaze on frontal fixed point, and
closed eyes (Adamo, Pociask & Goldberg, 2013). At the
end of the entire execution, the software calculates and
records in the database the performance index obtained
in the different visual conditions applied. According to
the reference cut-offs, the stability index ranges from 0
to 100 with lower values corresponding to more efficient
postural control. Taking into account the visual impair-
ment of the investigated sample and the associated
head-trunk separation deficits, head coordinative con-
straints only were applied in performing the SDG Test
(West et al., 2002; Adamo, Pociask & Goldberg, 2013).
The CDG Test allows to assess ankle stability and the
related sprain risk during dynamic balance. Specifically,
the subject is evaluated in bipodalic and monopodalic
stance and at the end of the overall test, the recovery
ratio, expressed as a percentage, can be considered a
significant predictor of tibio-tarsal stability (Tchorzews-
ki, Jaworski & Bujas, 2010; Riva et al., 2016) with lower
values corresponding to a lower risk of ankle sprain.
Despite the absolute blindness condition of the study
participants, the test performance was possible thanks
to the auditory feedback provided by the Libra digital
interface.

Adapted proprioceptive training

The targeted 8-week intervention was organized
at each of the three locations of the sport associations
(i.e. two in the Florentine metropolitan area and one in
the city of Bologna) adhering to the study thus avoid-
ing their members any disability-related logistical and
mobility difficulties or barriers. Advisably, adapted
training interventions for visually impaired individu-
als must be led in small groups to grant collective/indi-
vidual support, assistance, and safety. Specifically, it
was administered in two 60-min sessions per week per-
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formed on non-consecutive days. The main objectives
of the APT were set in the sensorimotor re-education,
and the postural control, global/segmental coordina-
tion and balance improvement, thus positively impact-
ing daily functionality, fall prevention, and quality of
life in this particularly vulnerable target population.
The whole training protocol was conceived in three
progressive macro-phases according to the re-educa-
tional focuses and the specific goals set, always avoid-
ing inducing psycho-physical and cognitive overload.
Regarding the applied equipment, the main unstable
surfaces used were Freeman boards, foampads, skim-
mies, proprioceptive cushions and wedges, foam roll-
ers, Gibbon Slackrack (https://www.gibbon-slacklines.
com/pages/slackline-therapie-landing-page), and Libra
Easytech sensorized board. The workout load was pro-
gressively increased by varying the instability degree,
the exercise performing position, adding coordinative
constraints and dual-task assignments, as well as using
small fitness tools. To respect the pandemic context in
which the intervention was conducted and to grant the
best safety and management of participants during the
protocol, the circuit training methodology was applied
to all training sessions. In general, each of them includ-
ed an initial phase of respiratory education, total-body

Central Part
* Breathing and body
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activation and consciousness, a middle phase character-
ized by exercises with proprioceptive focus, and a final
phase of cooldown, stretching and conscious listening/
internalizing of post-workout sensorimotor sensations.
To promote and maximize the perception of proprio-
ceptive inputs arising from the plantar sole interact-
ing with gravity and perturbations, the workout ses-
sions were performed barefoot. In detail, the central
phase of the session involved the execution of two dis-
tinct circuits, one consisting of monopodalic exercises,
therefore repeated twice, changing sides at each turn,
and the other comprising exercises with predominantly
bipodalic or alternating execution, therefore performed
once. The working time on each station was 2 min, with
no recovery in the transition between consecutive sta-
tions and, in each circuit, one station always involved
the Libra board. Given the large number and variety of
proprioceptive exercises proposed, the main methodo-
logical/motor contents of each protocol phase are repre-
sented in synthetic graphic form in Figure 2.

To ease and promote motor contents reproducibility,
an exemplifying circuit training schedule is detailed and
provided as Supporting Information files, with figures
specifically showing the digital interface and exercise
settings of the sensorized Libra board.

MAIN OBJECTIVES:

# Orthostatic postural control/awareness in micro

* Breathing exercises

« Total and segmental body
perception/awareness

= Dynamic stretching

* Breathing exercises

+ Total and segmental body
perception/awareness

* Dynamic stretching

consciousness exercises

+ Circuit training
APT * Postural sway and feet
Ph 1 proprioceptive input '.l,.ihra !martl: low
ase perception and control in tilting/difficulty level;

orthostatic stance lincar pathway; postural
control on sagittal and
frontal plane in mono
and bipodalic stance

APT * Breathing-movement
coordination using o
Phase 2 proprioceptive cues + Circuit training

+ Body consciousness . _Libr.a l:.ioarc!: medium-

during cross-coordination | high tilting/difficulty level;

movements sine/triangle wave
pathway; postural control
on all planes in mone and
bipodalic stance

APT
Phase 3

* Breathing consciousness
during progressive complex
movements

* Dynamic postural control
during coordinative tasks

* Circuit training

* Libra board: high
tilting/difficulty level;
coordinative constraints
and dual-tasks

* Static and dynamic
balance on Slackrack

* Breathing exercises

* Total and segmental body
perception/awareness

* Dynamic stretching

instability conditions

# Sensorimotor reactivity improvement in response to

perturbations and biofeedback

MAIN OBJECTIVES:

~ Reactive and anticipatory postural control in macro

instability conditions

» Core stability str and cr dination
improvement
MAIN OBJECTIVES:
» Head-trunk-pelvis coordination/isolati

» Reactive agility under macro instability conditions
> Spatio-temporal orientation during dual tasks

Figure 2. Adapted proprioceptive training (APT) organization.
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Statistical analysis

Statistical analysis was performed using SPSS 28.0.1
(Statistical Package for the Social Sciences, Chicago, IL,
USA). Data were expressed as mean + standard error of
the mean (SEM), mean * standard deviation (SD), or
number and percentage of subjects participating in the
study. Student’s t-test for paired data was used to com-
pare the baseline vs. post-APT outcomes after verifying
the normality of data with a Shapiro-Wilk test. Values of
p < 0.05 were considered statistically significant.

RESULTS

A sample of 20 totally blind subjects [11 (55.0%)
male; mean + SD age, 45.5 + 10.64 years] voluntar-
ily took part in this study. The collected data regarding
sociodemographic characteristics and visual disability
features of the study participants are detailed in Table 1.

Regarding past and current motor/sport activ-
ity practice, almost all participants reported consistent
adherence over time (Table 1).

Results concerning the investigated anatomo-func-
tional parameters and sensorimotor control assessment

Table 1. Sociodemographic data of study participants.

Variables Blind subjects (n = 20)
Age (years), mean * SD (range) 45.5 + 10.64 (19-56)
Sex, n (%)
Male 11(55.0)
Female 9 (45.0)
Blindness, n (%)
Congenital 10 (50.0)
Acquired 10 (50.0)
Educational level, n (%)
Middle school degree 2 (10.0)
High school degree 8 (40.0)
University 9 (45.0)
None 1 (5.0)
Employment status, n (%)
Employee 13 (65.0)
Freelance 2 (10.0)
Health profession 2 (10.0)
Retiree 2 (10.0)
Current physical/sport activity, n (%)
Yes 20 (100)
No 0 (0)
Previous physical/sport activity, n (%)
Yes 19 (95.0)

No 1(5.0)
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at baseline and after ending the structured APT are
reported in Table 2.

In detail, ankle AROM values showed a statistically
significant post-protocol increase in dorsal/plantar flex-
ion movements, as well as a decrease in bilateral inver-
sion (Table 2). Likewise, the bilateral eversion AROM val-
ues, though not statistically significant, revealed a trend
toward a decrease post-APT (Table 2). Moreover, bilateral
tibio-tarsal joint mobility in loading, measured by the
Knee to wall Test, was significantly improved follow-
ing the APT (Table 2). With respect to the sensorimotor
component, a statistically significant increase in the Brief
BESTest total score was found after the APT respect to
baseline (Table 2). Table 2 also shows the results obtained
in the CDG and SDG Test performed on Libra Easytech
proprioceptive board. All the parameters (i.e. bipodalic
and monopodalic stance), assessed by Libra CDG Test
and strongly correlated with ankle stability index, dis-
played a statistically significant improvement (Table 2).
Besides, outcomes regarding postural control, evaluated
by Libra SDG Test, also showed a statistically significant
improvement in all the prevised stability constraints post-
APT compared to baseline (Table 2).

Figure 3 displays the key significant results related to
sensorimotor control.

The PWB-18 scale and SF-12 questionnaire score
comparison at baseline and post-APT highlighted no
statistically significant difference as shown in Table 3.

Of note, a trend toward a mild improvement in PWB-
18 environmental mastery subscale and mental compo-
nent of SF-12 questionnaire was observed (Table 3).

As far as the assessment of training experience sat-
isfaction is concerned, post-APT data showed that 100%
of the enrolled sample was satisfied with the proto-
col practice and the competence of the adapted physi-
cal activity kinesiologist. Although 65% of participants
considered the APT as strenuous, 100% of them report-
ed that they would willingly continue performing on a
regular basis the proposed adapted training. The same
percentage of subjects also reported that the practice of
this specific protocol provided psychophysical benefits in
their daily life. Finally, the experience fully satisfied the
expectations of the whole sample.

DISCUSSION

As far as available in literature, the present study was
the first to investigate the use of a biofeedback-based sen-
sorized proprioceptive board, specifically Libra Easytech,
for high-frequency proprioceptive training in blind adults.
Specifically, it was intentionally used both as testing and
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Table 2. Mean scores of anatomo-functional and sensorimotor control assessments at baseline and post-adapted proprioceptive training.

Variables Baseline Post-APT o
Mean + SD (SEM) Mean + SD (SEM)

Ankle AROM, degrees
Right dorsal flexion 14.30 + 2.65 (0.59) 17.20 + 1.70 (0.38) < 0.001
Leftt dorsal flexion 14.20 £ 2.94 (0.65) 17.55 + 1.87 (0.41) < 0.001
Right plantar flexion 43.45 + 5.85 (1.33) 47.85 + 3.78 (0.84) < 0.001
Left plantar flexion 43.15 + 6.53 (1.46) 48.55 + 3.77 (0.84) < 0.001
Right inversion 20.65 + 5.66 (1.26) 18.00 + 2.55 (0.57) 0.005
Left inversion 19.90 + 6.47 (1.44) 17.65 + 2.34 (0.52) 0.046
Right eversion 10.25 + 1.97 (0.44) 10.00 + 1.21 (0.27) NS
Left eversion 10.10 + 2.26 (0.50) 9.85 + 1.08 (0.24) NS
Knee to wall Test, cm
Right 10.65 + 2.32 (0.51) 12.65 + 1.66 (0.37) < 0.001
Left 9.95 + 2.16 (0.48) 12.35 + 1.56 (0.35) < 0.001
Brief BESTest, score
Total score 16.10 + 2.75 (0.61) 20.75 + 1.83 (0.40) < 0.001
Libra
CDG, recovery ratio
Bipodalic stance 106.60 + 18.62 (3.22) 89.75 + 14.84 (3.18) < 0.001
Right monopodalic stance 79.31 £ 9.63 (2.97) 71.38 + 10.10 (2.55) 0.002
Left monopodalic stance 84.06 + 4.90 (1.93) 76.48 + 4.51 (1,91) 0.004
SDG, performance index
No constraint 13.20 + 0.96 (0.21) 11.93 + 0.90 (0.20) < 0.001
Straight head 13.64 + 1.08 (0.24) 12.36 + 0.80 (0.17) < 0.001
Closed eyes 14.97 + 0.54 (0.12) 14.03 £ 0.52 (0.11) < 0.001

APT, adapted proprioceptive training; SD, standard deviation; SEM, standard error of the mean; AROM, active range of motion; CDG,
Cauquil De Gunsch; SDG, Spielman-De Gunsch; NS, not significant. * Paired Student’s t-test.

training tool since it has been demonstrated that a high-
frequency input flow is needed to re-educate and reliably
evaluate sensorimotor control in a real frame perspective
(Riva et al., 2013, 2016). Of note, Libra settings applied
during the training sessions did not recall the ones pro-
vided by SDG and CDG test, therefore such dual-purpose
use simply reinforced methodological consistency with-
out risking any task-specific adaptation. By designing a
circuit training workout that integrates both traditional
tools and such an innovative device and using auditory
feedback provided by the digital interface, we obtained
encouraging results to apply in future studies addressing
this poorly investigated target population. Given the key
role of the tibio-tarsal joint in orthostatic postural con-
trol, the proposed motor protocol evaluated this district
in both unloading and loading, as well as on stable and
unstable surfaces. This multimodal approach allowed us
to detect district deficits/potentialities, both structural
and functional, in several settings recalling the multi-
modal complex nature of reality. The statistically signifi-
cant bilateral improvement of AROM in unloading dor-

sal/plantar flexion and in loading dorsal flexion, detect-
able by comparing baseline and post-APT evaluation,
endorsed the benefits of high-frequency proprioceptive
training on structure and function of this district (Riva et
al., 2016). Contemporarily, the post-intervention bilateral
AROM decrease in ankle inversion/eversion indicated an
increased joint stability thus reducing ankle sprain risk.
This positive correlation has also been confirmed by the
outcomes obtained through the validated Libra CDG Test.
The use of Libra proved to be effective in improving tibio-
tarsal stability, both in mono and bipodalic perturbed
supports, a condition frequently experienced in everyday
life strongly correlated with traumatic distortion events
(Riva et al., 2016; Ha, Han & Sung, 2018). The adminis-
tration of exercises predominantly performed in orthos-
tatic position on unstable surfaces, widely varied in mate-
rial, shape, and progressive degree of instability, allowed
to train foot proprioceptive sensitivity and responsiveness
to perturbations in a wide range of environmental con-
texts always in interaction with gravity (Riva et al., 2019).
Specifically referring to the target group investigated, the
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Figure 3. Baseline and post-APT data comparison of Brief BESTest total score (A), Libra CDG recovery ratio in bipodalic and monopo-
dalic orthostatic positions (B), and SDG performance index in relation to three different conditions of visual anchorage (i.e. no constraint,
straight head, and closed eyes) (C). Data are mean * standard deviation. Values of p calculated by Student’s ¢-test for paired data. APT,
adapted proprioceptive training; CDG, Cauquil De Gunsch; SDG, Spielman-De Gunsch.

Table 3. Mean scores of psychological well-being scale and quality of life questionnaire in visually impaired subjects al baseline and post-

adapted proprioceptive training.

Variables

Baseline
Mean + SD (SEM)

Psychological well-being (PWB-18)

Self-acceptance
Autonomy

Environmental mastery

Personal growth
Purpose in life

Positive relations with others

Total score

11.40 + 1.66 (0.37)
12.00 + 1.91 (0.42)
10.70 + 2.10 (0.47)
12.30 + 2.17 (0.48)

9.15 + 1.69 (0.37)

8.65 + 2.43 (0.54)
64.20 + 5.74 (1.28)

Quality of life (SF-12)

Physical component
Mental component

51.26 + 7.65 (1.71)
49.47 + 9.42 (2.10)

Post-APT "
Mean + SD (SEM) p
11.60 + 1.46 (0.32) NS
11,65 + 2.23 (0.49) NS
11.50 + 1.96 (0.43) NS
12.65 + 1.87 (0.41) NS

8.85 + 2.64 (0.59) NS
8.35 + 1.66 (0.37) NS
64.60 + 4.27 (0.95) NS
52.76 + 5.24 (1.17) NS
52.77 + 6.81 (1.52) NS

APT, adapted proprioceptive training; PWB-18, 18-item Psychological Well-Being; SF-12, 12-item Short Form; SD, standard deviation;
SEM, standard error of the mean; NS, not significant. * Paired Student’s t-test.

risk of lower limb injuries is much higher than in sight-
ed peers, both during motor/sports practice and in daily
life activities (Alghadir, Alotaibi & Igbal, 2019; Magno e
Silva et al., 2013). Therefore, the results obtained at the
end of the APT have not only a training but also a preven-

tive value. Such a result can be traced back to the inclu-
sion in the APT of progressive exercises on Libra board
and Slackrack which were specifically designed to stimu-
late the anatomo-functional components of sensorimotor
control under unstable conditions (Dordevic et al., 2020;
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Donath et al., 2016). Of note, slacklining, although still
poorly applied in research settings, has also been shown
to be effective in increasing vestibular-dependent spa-
tial orientation skills (Dordevic et al., 2017). The present
intervention has been the first to use Slackrack in blind
adults, a target population particularly relying on vestibu-
lar channel for dynamic postural control (Tomomitsu et
al., 2013). Introducing this tool in the final phase of the
APT, according to a didactic progression culminated in
the performance of dual-task assignments while moving
on the line, generated an improvement in vestibular-relat-
ed orientation skills. This finding was also corroborated
by post-training improvements shown in the SDG Test
in all the prevised constraints. These statistically signifi-
cant results also suggest a reduction in disability-related
deficits affecting head-trunk coordination/isolation and
auditory-dependent orientation. Such improvements can
be attributed to the progressive administration of specific
exercises, on traditional unstable surfaces, on Libra, and
on Slackrack, purposely involving cross coordinative pat-
terns which are crucial but not naturally acquired during
sensorimotor development in visually impaired subjects
(Rogge et al., 2021; Haibach, Wagner & Lieberman, 2014).
Considering the metamodal and mutable nature of reality,
the adapted protocol was peculiarly designed to stimu-
late postural control in both its anticipatory and reactive
functions, in static and dynamic, in stable and unstable
conditions, with and without global or segmental coordi-
native constraints. The benefits achievable through such
a methodological-didactic approach are also evidenced
by the statistically significant results obtained in the Brief
BESTest, recording a post-intervention average score close
to the maximum predicted by the validated cut-off. Given
the specific sensory disability investigated, it is notewor-
thy the statistically significant bilateral improvement in
the items related to monopodalic stability and postural
responsiveness to external perturbations (Riva et al.,
2013; Padgett, Jacobs & Kasser, 2012). Since re-educating
proprioceptive sensorimotor control initially involves
prevalent cortical management of high-frequency inputs,
considerable attentional skills were required to partici-
pants. This might have triggered central fatigue processes
able to explain why 65% of subjects referred to the APT
as physically strenuous. Nevertheless, the entire sam-
ple stated that they would willingly continue to regularly
perform this kind of adapted training and that they per-
ceived psychophysical benefits in everyday life as a direct
result of participating in this study. Although slight trends
toward an improvement have been detected in some of
the qualitative parameters investigated, they were not sup-
ported by statistically significant results in the post-inter-
vention scores obtained in the SF-12 questionnaire and
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the PWB-18 scale. Interestingly, the increased outcome
in the PWB-18 subscale was related to environmental
mastery, thus proving that targeted sensorimotor train-
ing recalling dynamic reality conditions can positively
affect the interaction with the surrounding environment.
Regarding the lack of post-APT improvement in the psy-
chological parameters assessed through qualitative instru-
ments, it should be mentioned that the entire intervention
took place in a pandemic context characterized by heavy
restrictions on motor activity and social interactions.
Indeed, the recent scientific literature has widely demon-
strated that such anti-contagion measures have heavily
impacted the psychological well-being and quality of life
of the general population and, to a greater extent, of the
most vulnerable social groups such as visually impaired
individuals (Bubbico et al., 2021). On this evidence, the
trend toward an improvement registered in the SF-12
questionnaire mental index, following participation in the
protocol, is worthy of mention.

The main limitations of the present research most-
ly concern the shortness of the proposed APT protocol,
peculiarly due to the pandemic frame in which it was
conducted, the lack of a control group, and the small
sample size investigated. Nevertheless, we should con-
sider that it is recommendable to lead tailored training
interventions addressing visually impaired people in
small classes in order to properly manage the disabili-
ty-related needs while granting individual and collec-
tive safety (Carretti et al.,, 2024). Indeed, if examined
in a target-specific perspective, this potential limitation
simply reflects the demographic peculiarities and the
complex safety needs of blind individuals thus remark-
ing the necessity of real-frame research. In line with
such research perspective, a control group was not pro-
vided since it has been widely demonstrated that motor
efficiency is strongly linked to regular physical activ-
ity practice in visually impaired individuals, even more
than in sighted peers (Alghadir, Alotaibi & Igbal, 2019;
Rogge et al., 2021). In fact, it is well-known that visual
disability deeply affects sensorimotor control, especially
if combined with a sedentary lifestyle (Carty et al., 2021;
Carretti, Manetti & Marini, 2023). Therefore, studies
comparing physically active and sedentary individuals
within this target population have been progressively
relegated only to clinical contexts or elderly individu-
als. Given that the present study is the first applying the
high-frequency biofeedback-based technology to test and
train sensorimotor control in blind adults, and there are
almost no validated guidelines or experimental research
specifically focusing on this topic, our encouraging
short-term results may represent a promising methodo-
logical and research approach to effectively investigate
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and improve such skills in this target population. For
such a reason, from a methodological perspective, it
can be considered a preliminary research approach that
needs to be deepened, hence making available further
kinesiological hints and tailored protocols to be com-
pared in future studies. In fact, our findings, though
encouraging, highlight the necessity of further research
involving larger samples and longer adapted training
protocols, also monitoring over time the obtained ben-
efits to detect and evaluate detraining timing. In addi-
tion, given the crucial role of movement in the overall
harmonious development of the individual, which is
deeply jeopardized by a sight lack, large-scale sensorimo-
tor interventions addressing visually impaired children
and adolescents should be planned globally (Rogge et
al., 2021; Greguol, Gobbi & Carraro, 2015). This kind
of initiative could provide them concrete opportunities
of being regularly involved in ludic and sport activities
designed, managed, leaded, and monitored by highly
specialized kinesiologists, thus promptly preventing and
counteracting disability-related deficits (Houwen, Hart-
man & Visscher, 2009; Columna et al., 2019).

CONCLUSIONS

In conclusion, given the multimodal complex nature
of sensorimotor control, targeted high frequency proprio-
ceptive interventions are needed to effectively counteract
eventual disuse- or disability-related deficits and re-edu-
cate/improve the primary postural stabilizer recruitment.
A biofeedback-based proprioceptive device such as Libra
Easytech may allow to provide multimodal stimuli tai-
lored to the peculiar needs of blind subjects, thus safely
and effectively promoting sensorimotor efficiency. The
present study is the first to investigate sensorimotor con-
trol in blind adults using both validated and innovative
evaluation and training tools to improve daily life func-
tionality and motor efficiency, hence offering pioneering
methodological hints to be applied in future research in
this field. Finally, our tailored proprioceptive training
conceived, led, and monitored by an adapted physical
activity kinesiologist highlights the crucial role of such a
professional figure in the global management of this vul-
nerable and still under investigated target population.
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