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Abstract: Background: Ataxia is a neurological sign characterized by motor coordination during
gait/voluntary limb movements impairment. Ataxic gait leads to disability and worsening of quality
of life; physiotherapy intervention is recommended to improve motor function. Recent studies
showed benefits due to repetitive robotized assisted gait training using a static exoskeleton in patients
affected by acquired ataxias. The aim of the study was to perform a preliminary evaluation of the
short-term effects of overground UAN.GO®-assisted gait training in an adult patient with ataxia but
with no clear genetic pattern. Methods: This case report study was conducted on a single male adult
patient, who presented ataxic spastic gait, posterior chain tightness, pes cavus, and unstable standing
position. The patient underwent two preliminary sessions to take part in the study. Treatment
protocol planned 10 sessions and each one lasted 80 min, 60 of which were spent in gait training using
the mobile overground exoskeleton UAN.GO®. At T1 (start of the study) and T10 (final evaluation)
assessments using the Scale for the Assessment and Rating of Ataxia, Berg Balance Scale, 6-Minute
Walking Test, and Likert Scale were administered. Space-time parameters of gait cycle were also
evaluated: left and right step length, stance and swing percentages. Results: improvements on the
Scale for the Assessment and Rating of Ataxia, Berg Balance Scale, and in the distance travelled at
6-Minute Walking Test emerged. The patient gave a positive opinion towards the treatment, showed
by Likert Scale results. Kinematic gait analysis showed more physiological step length, stance and
swing percentages, joint angles. The patient completed the training program with an excellent
compliance. Discussion: Since these encouraging outcomes were obtained, it is possible to consider
robot-assisted gait training performed with UAN.GO® as a therapeutic option to improve motor and
functional performance in patients with ataxic gait.
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1. Introduction

Ataxia (Greek ataxia “without order, coordination”) is a clinical neurological sign
characterized by motor incoordination [1], which occurs in a wide range of diseases,
involving cerebellum dysfunctions or impaired vestibular/proprioceptive input to cere-
bellum [2]. There is more than one strategy to classify ataxia: by age of onset, clinical
course, anatomic lesion, and genetic/acquired origin [2]. Among inherited ataxias, domi-
nant (spino-cerebellar ataxias—SCA, Dentato-rubral-pallido-luysian atrophy, and episodic
ataxia) and recessive (Friedriech, teleangectasia, oculomotor, Refsum, and mitochondrial
forms) autosomal forms have been staged [2,3]. Acquired forms, instead, result from acute
or chronic conditions such as strokes, multiple sclerosis, infections, vestibular neuritis, toxic
disorders, and immune deficiency syndromes [2–4].

When ataxia presents as a neurological sign of a greater disease, a wide range of
non-motor symptoms are present; this commonly occurs in hereditary syndromes [5]. Data
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about ataxia syndromes’ epidemiology show that overall prevalence is 26 cases per 100.000
in a young population; in detail, hereditary ataxia affects 10 people out of every 100.000,
with higher rate for dominant types (2.7/100.000 versus 3.3/100.000 for recessive forms);
non-hereditary forms have prevalence of 4.9/100.000 [6,7].

From a clinical point of view, each body district can be affected by ataxic tract, as well
as muscular structures: limbs, trunk, bulbar, and ocular movements [3]. Ataxia of limbs is
characterized by a variable combination of dysmetria, dyssynergia, dysdiadochokinesia,
kinetic, and/or postural tremor. Ataxia of trunk is represented by the inability to maintain
sitting position; ataxia of speech by cerebellar dysarthria; ataxia of gaze by nystagmus and
ocular dysmetria [3]. Ataxic gait is typically characterized by unstable walking, increased
step width, and balance deficit and includes the following space-time features:

• reduced cadence and speed
• reduced step and stride length
• increased stance time
• increased step and stride time
• increased double limb support time
• increased step/stride length variability and increased stride time variability, which

represent a compensatory strategy for trunk instability [8].

These gait modifications cause a loss of independence in activities of daily life and falls.
Robotic rehabilitation, based on continuous assessment of patients’ progress, can

be useful to complete ataxia conservative management [9]. In particular, lower limb ex-
oskeletons, recently developed, are amongst the most promising rehabilitative means of
robot-assisted gait training (RAGT). They are self-supporting and make patients carry
out pre-programmed physiological gait cycles. RAGT has important advantages com-
pared to the traditional gait training: increase of training duration, improving gait quality,
and reducing the patient’s and therapist’s physical effort [10,11]. Use of exoskeletons in
neurorehabilitation is based on the hypothesis that such devices exploit plasticity [12],
are activity-dependent and use-dependent, and are essential for motor learning [13,14].
However, evidence on RAGT effectiveness in ataxic patients is barely summarized and
attributable to a preferential treatment protocol. The aim of the study is to provide pre-
liminary evidence on RAGT using UAN.GO® overground exoskeleton in an adult patient
with ataxia.

2. Materials and Methods

A single male subject, 56 years old, with a diagnosis of ataxia was recruited for this
case report. Inclusion criteria: adult age, strong motivation, eligibility to use UAN.GO®

exoskeleton. Exclusion criteria: psychiatric and cognitive disorders and spasticity (scoring
more than 3 on Ashworth scale). No ethics committee approval was required, as suggested
for clinical case reports by AVEN guidelines [15].

The patient signed informed consent before the treatment.
Familiar, physiologic, personal, and pharmacologic history was irrelevant; his diagnos-

tic pathway started since the childhood, with the onset of increasing walking and balance
difficulties. He was visited by an Italian reference center for rare diseases, and his final
diagnosis was “Friedrich’s ataxia, characterized by poorly progressive gait.” In 1983 he
underwent EMG investigation, which reported signs of suffering of upper and lower limbs.
In 2007, with genetic sampling, pathological expansion of the FXN gene was ruled out
(thus excluding Friedrich ataxia), and geneticists hypothesized the presence of a de novo
mutation that had not yet been staged. Only in 2022, our patient has been newly contacted
by the referral center and he began the process of reclassifying his pathology, which is
still ongoing.

Other features about his past medical history: subtrochanteric fracture of left femur
after an accidental fall during skiing in 1996 and a head trauma caused by a motorcycle
accident in 2001.
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At the start of the study, the patient was able to walk with 2 Nordic Walking sticks
(used since 2016), with a crossed walking scheme; physical examination showed bilateral
pes cavus, dorsal kyphosis, and ataxo-spastic gait, characterized by a scissor scheme,
flexion-adductor pattern, wide base of support, asymmetric left and right step, balance
deficit, and progressive increase of gait speed. Muscle tone of hamstrings, triceps surae,
and posterior kinetic chain was lightly increased (Ashworth score = 1). There were also
widespread hyperreflexia and bilateral extensor plantar responses. Muscular length test
showed shortening of posterior and anterior inferior kinetic chain. Romberg test both
with open and closed eyes was positive. The subject was also unable to maintain tandem
position and single leg stance. Nose-finger test was lightly positive with an amplitude
of intentional tremor <2 cm in both upper limbs. At the finger chase, the subject showed
light dysmetria with overshooting target <5 cm. Fast alternating hand movements were
performed in a slight and irregular way (10 cycles in less than 10 s); heel-shin slide was
lightly abnormal and there was also tremor, but the contact between shin and heel was
maintained. The subject had light dysarthria with scanning speech. No visual, auditory, or
swallowing abnormalities emerged. The subject was completely independent in basic and
instrumental activities of everyday life.

Treatment was carried out through innovative UAN.GO® exoskeleton for lower limbs,
designed by U&O s.r.l., MedTech company, whose aim is to propose innovative therapeutic
solutions to improve life quality in people with motor disabilities. U&O is currently the
first Italian company to have a certified active exoskeleton. UAN.GO® is a motorized
exoskeleton for the Overground robotic gait training (O-RAGT), which allows people
with motor disabilities to walk in an independent way, moving themselves in the space.
UAN.GO® was certified as medical device (CE IIA) for clinical and personal use; the device
is equipped with four motorized joints (hips and knees) and four passive joints (ankles
and feet). They allow an effective gait training thanks to advanced sensors and innovative
control strategies. UAN.GO® is a self-supporting exoskeleton and its weight is completely
discharged to the ground; this device is intended for individuals with complete SCI at levels
T4 to L5 (with upper extremity motor function of at least 4/5 in both arms) and incomplete
SCI at levels of C7 to T3 (with upper extremity motor function of at least 4/5 in both
arms) and is also designed for patients with hemiplegia due to stroke, multiple sclerosis,
and Parkinson’s disease; the training can be performed in all walking disabilities. There
are two modes of use: “Assisted Mode” when the caregiver selects the movement map
from the touchscreen and pushes start/stops buttons. In “Autonomous Mode” map, the
patient actively controls the exoskeleton through trunk movements; firstly, in Autonomous
Mode the caregiver has to set up the trigger position. Therapy is constantly adjusted
and personalized on different levels of motor ability and patient’s needs; power support
can be partial or total, depending on residual motor function. For this reason, UAN.GO®

exoskeleton allows the patient to perform robotized intensive training and the therapist to
reduce musculoskeletal overload, carry out an intense and effective training and quantify
specific training data.

The subject needs to meet specific inclusion criteria, represented in Table 1, in order to
be suitable to the training; some general contraindications have to be excluded, as for other
robotic devices (Table 1).
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Table 1. Inclusion and Exclusion criteria to perform RAGT training.

Inclusion Criteria Exclusion Criteria

Upper limbs able to handle a walker History of severe neurological diseases associated with severe systemic diseases
(e.g., infections, circulatory or heart problems, lung problems)

Absence of unconsolidated fractures Presence of pressure sores

Good general health Severe spasticity

Height between 155 and 195 cm Heterotopic ossifications that reduce ROM

Weight not exceeding 100 kg Spinal instability or pelvic or AAII fractures not healed

Good bone mineral density Important retractions

Psychiatric or cognitive problems that can interfere with the correct use of the device

The patient underwent two preliminary-evaluation sessions and 10 treatment sessions
(Figure 1); each one lasted 80 min and was performed twice a week. Each session was
divided in five phases: stretching (10 min), software setup (2 min), mechanical-anatomical
setup (3 min), gait training (60 min), and autonomous walk with aids (5 min).
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Figure 1. Timeline of RAGT/physiotherapy intervention; the patient was initially assessed for
eligibility to the study (T1) with SARA score, Berg balance scale, 6MWT, Likert scale. A parallel
program of ten session of flexibility exercise and RAGT training was than performed by the same
physiotherapist. The last session (T10) was dedicated to the final evaluation.

Therapeutic Intervention

The parameters speed and map of movement were adjusted during the treatment,
depending on the patient’s progressive abilities and requests. All training sessions were
performed in U&O location under a physiotherapist’s guidance; each training session
started with ten minutes of stretching exercise for posterior muscular chain.

Robotized path for gait training was set with a specific approach to walking, based on
literature evidence [16–18]. The protocol’s aim was to stimulate the patient in a progressive
and proportional way. This training protocol was divided into two phases: PRE-WALK
and WALK. The first one represents the starting point of treatment, and is aimed to learn
baseline functions, preparatory to gait; the WALK phase is the most significant map from
a rehabilitative point of view, and consists of real walking training. During WALK, the
patients moves himself in the space and transfers load from a leg to other. Training protocol
was briefly represented in Figure 2. During WALK training, the patient learns specific motor
skills: coordination of different gait phases, improving of gait safety and speed, performing
a correct gait timing, managing delay between left and right steps, and performing changes
of direction. General training protocol was adapted to the patient’s needs and expectations;
it was chosen to give more space to intensive training in WALK mode.
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Figure 2. UAN.GO® protocol; the training was divided in two moments: during pre-walk train-
ing four abilities were gained: up and down (sitting and standing), step (load transfer), walk
(acquisition of physiological gait phase), stairs (climbing up and down ramps). With all abilities
acquired, the patient started an intensive walk phase, to achieve the best change in step and
swing parameters.

In T1 (study began) and T10 (final evaluation) specific assessment scales were admin-
istered: Scale of Assessment and Rating of Ataxia, Berg Balance Scale; walked distance
in metres at 6-Minute Walking Test and space-time gait parameters (left and right step
length, stance and swing percentages) were also considered. Space-time data were collected
through videos made by the operator during subject’s self-paced walking on sagittal plane
at 2.5 m distance. Videos were examined by the operator using Kinovea® 0.8.15, a software
of movement analysis in 2D available on the Internet for free, created in 2009; gait frames
were so extracted to analyse changes.

3. Results

During five weeks of treatment, there were no side events; the patient carried out
the rehabilitation program with an optimal compliance. Data collected in initial and final
assessment were compared (Table 2).

SARA scale was administered by the physical therapist responsible of RAGT training,
in order to evaluate changes in clinical features of ataxia [19,20]; as showed in Table 2, the
total score in T1 was 11, while in T10 it was 9, showing an improvement in gait and stance
subitems. In T10, gait performance was better, still staggering but in a slighter way than T1,
with difficulties in half-turn but no more necessity of intermittent wall support. The subject
showed his ability to maintain standing position with feet together (but not in tandem
position) for >10 s. Scores of remaining subitems were unchanged.
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Table 2. Comparison of T1-T10 outcome scores; as shown, the patient had lower impairment at SARA
scale, a better balance control at BBS, improved distance at 6MWT, and a better distribution regarding
gait parameters.

T1 T10

SARA 11 9
Gait 4 3

Stance 2 1
Sitting 0 0

Speech disturbance 1 1
Finger chase 1 1

Nose-finger test 1 1
Fast alternating hand movements 1 1

Heel-shin slide 1 1
BBS 41 47

WALKED DISTANCE IN 6MWT 144. 76 m 160. 27 m
LEFT STEP LENGTH 0.67 m 0.54 m

RIGHT STEP LENGTH 0.52 m 0.50 m
STANCE % 65.54% 59.01%
SWING % 35.46% 40.99%

BBS scale was used to evaluate balance function through 14 items, which ask the
subject to maintain a specific position, to carry out specific motor tasks and postural
transitions [21]. A significant difference (six points) between total BBS score in T1 and T10,
higher than values of minimal clinically significant difference cited in literature, emerged
at final evaluation [22,23]. An increase of single scores of BBS items was pointed out in:

• Sitting-standing position transfer: in T10, the subject was able to get up without the
use of hands, and to stabilize himself in the new taken posture without any help.

• Standing-sitting position transfer: in T10, the subject could sit without danger of
falling and with minimal use of upper limbs, without the need to control the drop
with hands. In T1, the subject managed to sit with the help of upper limbs.

• Standing position with closed eyes: in T10, the subject could maintain a standing
position with eyes closed, fixed for 10 s in safety. In T1, he could not perform the task
and needed other person’s supervision.

• Picking up an object placed in front of the feet: in T10, the subject was able to pick it
up in a safe and easy way. In T1, he could not pick it up alone.

• Rotating 360◦ in standing position: in T10, the subject could rotate completely and
safely in a single direction in 4 s or less (pivot on left leg and left rotation). In T1, he
could perform this movement very slowly.

• Put feet alternatively on a step during standing position: in T10, the subject could
carry out more than two movements and needed minimal assistance. In T1, assistance
was essential to prevent falls.

• Standing tandem position: in T10, the subject could put one foot in front of the other
(not in tandem position) and maintain this position for 30 s. In T1, he could complete
a small step.

For the patient’s functional status measurement [24], 6MWT was chosen; a significant
increase of walked distance at 6MWT, from 144.76 m in T1 to 160.27 m in T10; 15.51 m is
referred as minimally clinically significant difference defined by Bohannon et al. [25].

The patient’s subjective point of view about training was evaluated through Likert
Scale; he expressed a positive opinion towards this innovative approach to rehabilitation.
The patient knew exoskeleton as a therapeutic solution and its continuous calibration; he
also referred to an improvement of balance and stability during walking, and a better
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motor control of both lower limbs after a single treatment session. Kinematic gait analysis
revealed improvements of time percentages of stance and swing phases. In T1, respective
percentages of stance and swing were: stance 65.54%, swing 35.46%. In T10: stance 59.01%,
swing 40.99% (Figure 3). Regarding the ratio between left and right step lengths: in T1, this
ratio was almost 1.28, while in T10 it reduced to 1.08 (Figure 4). Regarding hip, knee, ankle
ROM, and trunk and pelvis behaviour, in T1:

1. In initial contact phase, trunk was flexed, hip and knee were flexed; forefoot, midfoot,
and backfoot touched the ground at the same time (Figure 5).

2. In mid-stance phase, trunk, hip, and knee flexion persisted, while ankle was dorsi-
flexed (Figure 6).

3. In the pre-swing phase, hip was in a neutral position on the sagittal plane, knee was
flexed, and foot was equinus (Figure 7).

4. In the mid-swing phase, hip was slightly flexed and knee had a marked flexion to
compensate for the forefoot fall in equinus (Figure 8).

In all phases, there was no control of the pelvis, with continuous tilting and rotation
movements. The trunk was bent forward to promote propulsion.

In T10:

1. At initial contact, hip was flexed, knee was extended, and foot performed “heel strike”
on the ground with slight ankle dorsiflexion (Figure 5).

2. In the mid-stance phase, hip and foot were in neutral position, while knee was
extended (Figure 6)

3. In the pre-swing phase, hip went to extension, knee reached very few degrees of
flexion, while foot was in dorsal flexion (Figure 7)

4. In the mid-swing phase, hip and knee were flexed, foot maintained neutral position
with a reduced fall of the forefoot compared to the initial evaluation (Figure 8)

The trunk reached the neutral position, reducing anterior positioning; tilting and
rotation pelvic movements were reduced and controlled.
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Figure 3. Differences in step percentages between initial (T1) and final evaluation (T10); as shown,
initially the patient had a general prevalence of stance (65% of gait cycle). After RAGT and physio-
therapy the stance was reduced to 59%, and swing phase was increased to 41%. These values are
close to referred healthy subject ones (60% stance, 40% swing, Parry).
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Figure 8. Mid-swing frames between initial and final evaluation. It is possible to see, during limb
advancement, a better alignment in flexion, with a lower ankle angle to the ground. This improvement
allowed the patient to walk with safety in everyday life.
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4. Discussion

This case report was compliant with CARE guidelines [26]. The universal feature
associated with all the forms of degenerative genetic ataxia is the loss of function and
mobility [27]. Among currently available therapeutic options, rehabilitation assumes a
huge importance; in particular, it is widely recognized that, through movement assistance
provided by an exoskeleton, both the muscular and nervous system are stimulated where
they are deficient, and thus predict an improvement in impaired function [28]. Movements
produced by an exoskeleton not only represent an action, but also an idea, a new mode
of motor planning [28] in which the intention has the same importance as the action. It is
known that motivation, involvement [29], and positive patient feedback [30] are needed for
rehabilitation success, to improve robotic technology as a resource [29].

Coming to our results discussion, the patient showed an improvement in the func-
tional items of the SARA and BBS scales, relating to the static balance in standing, dynamic
during postural transitions and walking; these improvements lead to hypothesize better
motor control during walking, as well as a greater ability to carry out ADLs. The slight
but significant increase in the distance covered at 6MWT probably reflects a better func-
tional ability due to new convenient walking strategy. Step’s space-time parameters also
highlighted a more physiological path, characterized by a better distribution of times in
percentage of stance and swing and by greater symmetry of the right and left half steps.
Thanks to robotic walking systems, patients could walk more fluidly with more harmo-
nious relationships between different gait phases. From the frames obtained on the sagittal
plane, in T10, a greater alignment of the trunk, better control of pelvic movements, and less
support on the upper limbs emerged. At initial contact, the knee reached a greater degree
of extension and the ankle joint reached a few degrees of dorsiflexion; all this allowed an
adequate heel attachment. In the mid-stance phase, the knee maintained a greater degree
of extension, and the hip reduced the angle of flexion until a neutral position was reached.
In the pre-swing phase, the hip was brought into extension, poorly represented in T1, and
the degree of knee flexion was reduced. During the mid-swing phase, the hip flexion angle
was kept constant and the knee flexion angle was reduced. The overall performance of
lower limbs improved at final evaluation.

Our results are in line with recent literature [28,31–33], encouraging RAGT treatment
in patients with ataxia. Particularly, a close correspondence can be found with the work of
Kim et al. [28], in which a patient with SCA6 underwent 24 sessions of training in the use
of an exoskeleton; authors reported an improvement of the SARA scale, greater balance
at the Berg scale, greater distance at the 10 MWT, and an improved gait cycle. All these
findings are confirmed in our experience. Some similarities can also be found in the work
of Portaro et al. [33]; the authors reported the case of a young patient with Friedrich’s ataxia
treated with exoskeleton and TDCS (transcutaneous direct cranial stimulation). A clear
improvement in SARA scores was also found in this case; it must be underlined, however,
that this case report refers to an ataxic patient with not-full recognized origin and treated
only with RAGT, so there is a comparison bias with Portaro et al.’s experience.

Similar effects of RAGT in neurologic chronic patients have been reached in recent
RCTs, underlining the statistical significance of RAGT on trunk control evaluated by the
Berg scale [32,33].

A final discussion on patient perspective about exoskeleton training is needed; our
participant reported an excellent reference to the use of the exoskeleton, and a greater
safety in performing daily life activities and walking, as detected by the Likert scale. These
considerations seem to be yet in line with literature [28,31–33]. In light of these objective
and subjective interpretations, it is possible to consider treatment with the UAN.GO®

exoskeleton as a viable therapeutic option in patients with ataxia.

5. Limitations and Conclusions

Some limitations emerged in the present work. Given the design of case report-
study, we cannot generalize our results to all ataxia forms. Thus, the need to conduct
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further studies on patient cohorts, considering a non-homogeneous distribution of clinical
manifestations, emerged. In addition, our study implemented a rehabilitation program
of 10 sessions and provided data analysis/interpretation only for the short term; future
studies are needed to verify the maintenance of results over time with systematic follow-
up. We hypothesize that a longer treatment period allows an improvement of results.
Limiting factors that most influenced the conduct of the study were the lack of equipment
for collection and measurement of data and the rehabilitation setting. For the detection
of space-time parameters of the step, we used Kinovea®; since it allows a gait analysis
based on operator observation of video recordings, it does not produce objective data.
Instrumental examination, which allows to analyse and record the path of a subject in
a computerized way with optical and electronic systems, is Gait Analysis; today it is
carried out in specific clinics that use infrared cameras capable of detecting passive markers
positioned on the patient, or it can even be performed anywhere thanks to wireless sensors,
also applied to the patient. To avoid obtaining an overabundance of data that would be
difficult to analyse using this modality, we filmed the patient’s walk on the sagittal plane,
on which the greatest articular excursions occur, omitting the minimum movements that
occur on the frontal and transverse planes; the most significant frames, then, were selected
and reported in the present article.

As for the training setting, internal spaces forced the patient to walk with the exoskele-
ton along straight paths, interrupting the WALK at each change of direction, which was
carried out with an autonomous pivot with the help of the trunk and upper limbs. Space
was a fundamental feature of robotic training with the exoskeleton; the availability of large
and adequate spaces is necessary. Rehabilitation setting still represents an insurmountable
limit, as long as times, costs, and spaces remain so.

Regarding the structure of UAN.GO®, the type of insole used facilitates the setting
and positioning of the patient inside the device. This appendix limits the perception of
proprioceptive inputs from the sole of the foot in patients in whom sensitivity is preserved,
but at the same time allows the use of the device in a transversal way on patients with dif-
ferent alterations in motor function. Hence, there is a need to soon implement an additional
solution consisting of footwear with an integrated insole, chosen by the clinician on the
basis of the patient’s characteristics. In the field of robotic rehabilitation with an exoskele-
ton, human–robot integration acquires a central role in achieving better outcomes. Recent
research topics are the study and application of adaptive active wearable technologies that
compensate patients’ deficits in real time during the execution of a motor task [31].

In patients with ataxia, rehabilitation is aimed at maintaining the functional aspect
and reducing symptoms and is recommended as a powerful therapeutic solution. This
case report, although devoid of statistical significance, supports preliminary evidence of
walking training with exoskeleton both from a motor and functional point of view.

Author Contributions: Conceptualization, G.S., M.M. and E.R.; methodology, G.C. and G.L.; work
with the patient: M.M. and G.S.; writing—review and editing, G.C., M.M., E.R. and G.L. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study,
according to AVEN guideline.

Informed Consent Statement: Informed consent was signed from the subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: PT Gianluca Sesenna was one of UAN.GO founders; all other authors have no
conflict to disclose.



Neurol. Int. 2022, 14 572

References
1. Mariotti, C.; Fancellu, R.; Di Donato, S. An overview of the patient with ataxia. J. Neurol. 2005, 252, 511–518. [CrossRef] [PubMed]
2. Ashizawa, T.; Xia, G. Ataxia. Continuum 2016, 22, 1208–1226. [CrossRef] [PubMed]
3. Ruano, L.; Melo, C.; Silva, M.C.; Coutinho, P. The global epidemiology of hereditary ataxia and spastic paraplegia: A systematic

review of prevalence studies. Neuroepidemiology 2014, 42, 174–183. [CrossRef] [PubMed]
4. Berardelli, A.; Cruccu, G. Sapienza Neurology, 3rd ed.; Società Editrice Esculapio: Bologna, Italy, 2019; pp. 344–347.
5. Akbar, U.; Ashizawa, T. Ataxia. Neurol. Clin. 2015, 33, 225–248. [CrossRef]
6. Hafiz, S.; De Jesus, O. Ataxia. In Stas Pearl [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2022.
7. Byung-Euk, J.; Lee, C.N.; Park, K.W. Prevalence rate and functional status of cerebellar ataxia in Korea. Cerebellum 2012,

11, 733–738. [CrossRef]
8. Marquer, A.; Barbieri, G.; Pérennou, D. The assessment and treatment of postural disorders in cerebellar ataxia: A systematic

review. Ann. Phys. Rehabil. Med. 2014, 57, 67–78. [CrossRef] [PubMed]
9. Krebs, H.I.; Volpe, B.T. Rehabilitation robotics. Handb. Clin. Neurol. 2013, 110, 283–294. [CrossRef]
10. Goffredo, M.; Guanziroli, E.; Pournajaf, S.; Gaffuri, M.; Gasperini, G.; Filoni, S.; Baratta, S.; Damiani, C.; Franceschini, M.; Molteni,

F.; et al. Overground wearable powered exoskeleton for gait training in subacute stroke subjects: Clinical and gait assessments.
Eur. J. Phys. Rehabil. Med. 2019, 55, 710–721. [CrossRef]

11. Swinnen, E.; Beckwée, D.; Meeusen, R.; Baeyens, J.-P.; Kerckhofs, E. Does robot-assisted gait rehabilitation improve balance in
stroke patients? A systematic review. Top Stroke Rehabil. 2014, 21, 87–100. [CrossRef]

12. Sale, A.; Berardi, N.; Maffei, L. Enrich the environment to empower the brain. Trends Neurosci. 2009, 32, 233–239. [CrossRef]
13. Calabrò, R.S.; Naro, A.; Russo, M.; Leo, A.; De Luca, R.; Balletta, T.; Buda, A.; La Rosa, G.; Bramanti, A.; Bramanti, P. The role of

virtual reality in improving motor performance as revealed by EEG: A randomized clinical trial. J. Neuroeng. Rehabil. 2017, 14, 53.
[CrossRef] [PubMed]

14. Sale, P.; Russo, E.F.; Russo, M.; Masiero, S.; Piccione, F.; Calabrò, R.S.; Filoni, S. Effects on mobility training and de-adaptations in
subjects with Spinal Cord Injury due to a Wearable Robot: A preliminary report. BMC Neurol. 2016, 16, 12. [CrossRef] [PubMed]

15. AVEN. Guideline for the Identification of Experimental Thesis to Be Submitted to the Ethics Committee Approval. Available
online: https://www.aou.mo.it/ComitatoEticoAVEN (accessed on 11 September 2021).

16. Khan, A.S.; Livingstone, D.C.; Hurd, C.L.; Duchcherer, J.; Misiaszek, J.E.; Gorassini, M.A.; Manns, P.J.; Yang, J.F. Retraining
walking over ground in a powered exoskeleton after spinal cord injury: A prospective cohort study to examine functional gains
and neuroplasticity. J. Neuroeng. Rehabil. 2019, 16, 145. [CrossRef] [PubMed]

17. Palermo, A.E.; Maher, J.L.; Baunsgaard, C.B.; Nash, M.S. Clinician-Focused Overview of Bionic Exoskeleton Use After Spinal
Cord Injury. Top Spinal Cord Inj. Rehabil. 2017, 23, 234–244. [CrossRef] [PubMed]

18. Pais-Vieira, C.; Allahdad, M.; Neves-Amado, J.; Perrotta, A.; Morya, E.; Moioli, R.; Shapkova, E.; Pais-Vieira, M. Method for
positioning and rehabilitation training with the ExoAtlet® powered exoskeleton. MethodsX 2020, 7, 100849. [CrossRef] [PubMed]

19. Schmitz-Hübsch, T.; du Montcel, S.T.; Baliko, L.; Berciano, J.; Boesch, S.; Depondt, C.; Giunti, P.; Globas, C.; Infante, J.; Kang, J.-S.;
et al. Scale for the assessment and rating of ataxia: Development of a new clinical scale. Neurology 2006, 66, 1717–1720. [CrossRef]

20. Bürk, K.; Schulz, S.R.; Schulz, J.B. Monitoring progression in Friedreich ataxia (FRDA): The use of clinical scales. J. Neurochem.
2013, 126 (Suppl. 1), 118–124. [CrossRef]

21. Ottonello, M.F.G.; Benevolo, E.; Sessarego, P.D.D. Psychometric evaluation of the Italian version of the Berg Balance Scale in
rehabilitation inpatients. Eur. Medicophys. 2003, 39, 181–189.

22. Gervasoni, E.; Jonsdottir, J.; Montesano, A.; Cattaneo, D. Minimal Clinically Important Difference of Berg Balance Scale in People
With Multiple Sclerosis. Arch. Phys. Med. Rehabil. 2017, 98, 337–340.e2. [CrossRef]

23. Tamura, S.; Miyata, K.; Kobayashi, S.; Takeda, R.; Iwamoto, H. The minimal clinically important difference in Berg Balance Scale
scores among patients with early subacute stroke: A multicenter, retrospective, observational study. Top Stroke Rehabil. 2022,
29, 1–7. [CrossRef]

24. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement: Guidelines for the
six-minute walk test. Am. J. Respir Crit. Care Med. 2002, 166, 111–117. [CrossRef] [PubMed]

25. Bohannon, R.W.; Crouch, R. Minimal clinically important difference for change in 6-minute walk test distance of adults with
pathology: A systematic review. J. Eval. Clin. Pract. 2017, 23, 377–381. [CrossRef] [PubMed]

26. Riley, D.S.; Barber, M.S.; Kienle, G.S.; Aronson, J.K.; von Schoen-Angerer, T.; Tugwell, P.; Kiene, H.; Helfand, M.; Altman, D.G.;
Sox, H.; et al. CARE guidelines for case reports: Explanation and elaboration document. J. Clin. Epidemiol. 2017, 89, 218–235.
[CrossRef] [PubMed]

27. Jayadev, S.; Bird, T.D. Hereditary ataxias: Overview. Genet Med. 2013, 15, 673–683. [CrossRef] [PubMed]
28. Kim, S.-H.; Han, J.-Y.; Song, M.-K.; Choi, I.-S.; Park, H.-K. Effectiveness of Robotic Exoskeleton-Assisted Gait Training in

Spinocerebellar Ataxia: A Case Report. Sensors 2021, 21, 4874. [CrossRef] [PubMed]
29. Molteni, F.; Gasperini, G.; Cannaviello, G.; Guanziroli, E. Exoskeleton and End-Effector Robots for Upper and Lower Limbs

Rehabilitation: Narrative Review. PM&R 2018, 10 (Suppl. 2), S174–S188. [CrossRef]
30. Langan, J.; Subryan, H.; Nwogu, I.; Cavuoto, L. Reported use of technology in stroke rehabilitation by physical and occupational

therapists. Disabil. Rehabil. Assist. Technol. 2018, 13, 641–647. [CrossRef]

http://doi.org/10.1007/s00415-005-0814-z
http://www.ncbi.nlm.nih.gov/pubmed/15895274
http://doi.org/10.1212/CON.0000000000000362
http://www.ncbi.nlm.nih.gov/pubmed/27495205
http://doi.org/10.1159/000358801
http://www.ncbi.nlm.nih.gov/pubmed/24603320
http://doi.org/10.1016/j.ncl.2014.09.004
http://doi.org/10.1007/s12311-011-0332-8
http://doi.org/10.1016/j.rehab.2014.01.002
http://www.ncbi.nlm.nih.gov/pubmed/24582474
http://doi.org/10.1016/B978-0-444-52901-5.00023-X
http://doi.org/10.23736/S1973-9087.19.05574-6
http://doi.org/10.1310/tsr2102-87
http://doi.org/10.1016/j.tins.2008.12.004
http://doi.org/10.1186/s12984-017-0268-4
http://www.ncbi.nlm.nih.gov/pubmed/28592282
http://doi.org/10.1186/s12883-016-0536-0
http://www.ncbi.nlm.nih.gov/pubmed/26818847
https://www.aou.mo.it/ComitatoEticoAVEN
http://doi.org/10.1186/s12984-019-0585-x
http://www.ncbi.nlm.nih.gov/pubmed/31752911
http://doi.org/10.1310/sci2303-234
http://www.ncbi.nlm.nih.gov/pubmed/29339899
http://doi.org/10.1016/j.mex.2020.100849
http://www.ncbi.nlm.nih.gov/pubmed/32300543
http://doi.org/10.1212/01.wnl.0000219042.60538.92
http://doi.org/10.1111/jnc.12318
http://doi.org/10.1016/j.apmr.2016.09.128
http://doi.org/10.1080/10749357.2021.1943800
http://doi.org/10.1164/ajrccm.166.1.at1102
http://www.ncbi.nlm.nih.gov/pubmed/12091180
http://doi.org/10.1111/jep.12629
http://www.ncbi.nlm.nih.gov/pubmed/27592691
http://doi.org/10.1016/j.jclinepi.2017.04.026
http://www.ncbi.nlm.nih.gov/pubmed/28529185
http://doi.org/10.1038/gim.2013.28
http://www.ncbi.nlm.nih.gov/pubmed/23538602
http://doi.org/10.3390/s21144874
http://www.ncbi.nlm.nih.gov/pubmed/34300613
http://doi.org/10.1016/j.pmrj.2018.06.005
http://doi.org/10.1080/17483107.2017.1362043


Neurol. Int. 2022, 14 573

31. Kim, H.Y.; Shin, J.-H.; Yang, S.P.; Shin, M.A.; Lee, S.H. Robot-assisted gait training for balance and lower extremity function in
patients with infratentorial stroke: A single-blinded randomized controlled trial. J. Neuroeng. Rehabil. 2019, 16, 99. [CrossRef]

32. Belas Dos Santos, M.; Barros de Oliveira, C.; Dos Santos, A.; Garabello Pires, C.; Dylewski, V.; Arida, R.M. A Comparative Study
of Conventional Physiotherapy versus Robot-Assisted Gait Training Associated to Physiotherapy in Individuals with Ataxia after
Stroke. Behav. Neurol. 2018, 2018, 2892065. [CrossRef]

33. Portaro, S.; Russo, M.; Bramanti, A.; Leo, A.; Billeri, L.; Manuli, A.; La Rosa, G.; Naro, A.; Calabrò, R.S. The role of robotic gait
training and tDCS in Friedrich ataxia rehabilitation: A case report. Medicine 2019, 98, e14447. [CrossRef]

http://doi.org/10.1186/s12984-019-0553-5
http://doi.org/10.1155/2018/2892065
http://doi.org/10.1097/MD.0000000000014447

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Limitations and Conclusions 
	References

