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Abstract
Objective: Although numerous multiple sclerosis (MS) patients display de-

creased motor performance and cognitive deficits, little is known about rehabil-
itative methods and assessment strategies that are based on the brain’s ability to
learn through motor-cognitive patterns. Commonly used methods, such as the
Expanded Disability Status Scale (EDSS) and the Berg Balance Scale (BBS), can
only unravel limited new information on individual motor-cognitive experienc-
ing and the capacity to change this through brain learning. Therefore, we set out
to design a new tool for the simultaneous assessment of multiple parameters in
MS patients: the Neuroplasticity Scale (NS) — an inductive rehabilitation meth-
odology, based on Feldenkrais Method (FM) movement protocols.

Methodology: In this proof-of-concept study we performed our procedure
on a single subject, an MS patient with severe instability and spasticity, who was
carefully selected. Our methodology included a baseline evaluation (Week 0), fol-
lowed by six weeks of intervention (Intervention Weeks 1- 6). NS assessment was
performed both before and after the intervention. All throughout the procedure,
the subject carried out home training, which was guided by auditory cues for per-
ception, movement patterns, spatial orientation, movement timing, changes of at-
tention and daily life functionality, and was used to establish subsequent practice.

Results: Based on the subject’s significant balance improvement and spas-
ticity reduction, the NS appears to be useful, easy to use and effective; in addi-
tion, it improves functional organization in specific motor patterns through brain
learning.

Conclusion: The NS enables both practitioners and patients to assess chang-
es in sensory-motor and cognitive processes during action; it is useful for qual-
itatively evaluating multiple parameters that define the current clinical image
of an MS patient. Therefore, upon further refinement and wider application to
additional patients, it may be used for the establishment of structured rehabilita-
tive interventions and home training repetitive programmes, as well as improved
questionnaires, based on an individual’s specific functional needs.

Keywords

Multiple sclerosis, Feldenkrais method, Motor-cognitive intervention, Neu-
roplasticity, Rehabilitation

Introduction

Multiple sclerosis (MS) is a neurodegenerative disease of the central ner-
vous system (CNYS); it is characterized by inflammation, demyelination, chron-
ically progressive deterioration and damage of axonal conductance and viability
[1], which result in decreased motor performance of varying severity, as well as
impairment of attentional processing [2]. It is estimated that MS affects ap-
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proximately two million people worldwide [3]. Fatigue [4],
cognitive dysfunction [5], physical disability [6] — especially
in terms of balance [7] and postural control [8] — have been
reported as common limitations in MS patients.

The severity of MS is assessed though several clinical
instruments, which have been designed and used as an end-
point in clinical trials that evaluate therapeutic procedures
[9]. Specific clinical tools, such as two widely and frequently
used assessment scales — the Extended Disability Status Scale
(EDSS) [10] and the Berg Balance Scale (BBS) [11] — allow
clinicians to evaluate disability and measure the effectiveness
of treatment.

The EDSS is one of the most frequently used clinician-ap-
plied assessment scales: It is based on a structured neurological
examination that evaluates a patient’s functional systems (FS),
attributing an average score from 0 to 10 [12]. The EDSS
specifically measures impairment in eight functional systems,
namely the Pyramidal (P), Cerebellar (CII), Brainstem (Bs),
Sensory (S), Bladder-Bowel (BB), Visual (V), Cerebral/Men-
tal (Cb) and other (O) [13]. However, despite the fact that it
is used to assess disease progression and severity, as well as the
efficacy of treatment interventions [9, 14], it is characterized
by limited reliability and poor sensitivity [13]. More specifi-
cally, although cognitive dysfunction affects >50% of MS pa-
tients and develops early during the course of the disease [15],
its correlation with walking performance is not considered in
the EDSS assessment. In addition, the EDSS does not explore
specific mechanisms of effect, such as MS-related fatigue, or
stress factors during motor performance [12]; furthermore, it
does not evaluate processes that reflect the multidimensional
embodied perspective, including motor-cognitive integration
[16].

In case of the BBS, postural control abnormalities and gait
activities in VIS are usually evaluated in relation to psychomet-
ric parameters [11]. Hence, bodily factors (e.g., interoceptive
sensibility [17]) or other forms of body signal processing and
spatio-temporal parameters during gait performance [18, 19]
— that is, aspects that determine an individual’s functionality in
different sets of conditions and sometimes lead to long-term,
increasing disability— are not included.

MS is a disease of variable nature: It restricts a patient’s
motor performance to a degree that may differ from day to
day; it is thus impossible to objectively determine his/her
endurance, balance and attention processing overall [12].
Although scientifically well-established and clinically useful
[13], scoring scales such as the above-mentioned largely ig-
nore the individual’s embodied daily experience, and a gap is
created between any applied methodology and the expected
result — especially when the aim is to employ somatic edu-
cational approaches in the context of rehabilitation [20, 21].
Therefore, a significant question is raised about whether or not
they can truly evaluate a subject’s action as a simulation of
perception, at a physical level [22], and whether or not they
actually allow clinicians and researchers to unravel new infor-
mation regarding individual motor-cognitive experience, as
well as the capacity to change this through brain learning.

'These restrictions highlight the absolute necessity of rede-

fining clinical approaches under the scope of a “body-in-the-
brain” model. This model postulates that the body functions
by responding to temporary coherent settings, depending on
the information it perceives through constructed neural maps,
in order to facilitate the development of personalized, mo-
ment-to-moment, adaptations to environmental cues, as well
as its own biological regulation and the maintenance of vital

processes [23].

Contrary to previous methodological intervention proce-
dures, the Feldenkrais Method (FM) [24], a somatic educa-
tional approach [25], is based on the integrated process of the
above model; it focuses on developmental changes through
self-awareness and brain plasticity, and illuminates fundamen-
tal aspects of functionality [26]. One of the principles of the
FM is that the processes of thinking, feeling and sensing are
all interrelated components of human functioning, and that,
as a consequence, the only way to address any of these com-
ponents is to address them all [27]. Acknowledging that this
interrelation is a key potentiality factor in MS rehabilitation,
we are prompted to reconstruct our kinetic and kinematic
strategies for movement, incorporating attentional properties.

The purpose of this study is to present, as a proof-of-
concept, a new tool that we have devised, in order to enable
both practitioners and MS patients to assess changes in sen-
sory-motor and cognitive processes during action: the Neuro-
plasticity Scale (NS). The NS is an effective inductive method-
ology and evaluation approach, which bridges the gap between
applied research metrics and somatic education methods, by
simultaneously assessing multiple parameters that have not
been previously captured in MS patients. Crucially, although
some indicators and parameters used in the NS are also en-
countered in the FM, our methodology includes in addition:
(1) indicators that are based on the individual’s own remarks,
in the form of pre- and post-intervention self-reports; (ii) a
constraint report during action; (iii) NS evaluation; and (iv)
home training.

Method

Recruitment of subject

To design and test our NS tool, we recruited a single sub-
ject, based on three selection criteria: (a) The subject had to
display a clinical image that would allow full compliance with
a six-week intervention programme, including home training;
(b) the subject had to be willing to undergo evaluation; and (c)
the subject had to present motor-cognitive deficits that could
be investigated based on specific indicators. Hence, a 67-year-
old female subject with a clinically defined diagnosis of MS
was recruited through the practice of a local neurologist.
Three weeks prior to the procedure in 2019, the subject was
clearly informed about the scope and details of the research
and provided full consent. The subject had been diagnosed
with MS approximately thirty years prior to our procedure.
In fact, the initial diagnosis was Lyme disease, with fatigue as
the main neurological symptom, but subsequent clinical tests
and magnetic resonance imaging (MRI) supported the diag-
nosis of MS. At the time of the study the patient presented
secondary progressive M'S (SPMS); she suffered from changes
in cognitive performance, especially in her working memory
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(WM) and attention (e.g., focused/selective attention and di-
vided attention) [28, 29]. She also experienced fatigue, as well
as severe lower limb spasticity and weakness, associated with
walking dysfunction and instability, increased plantar flexion,
inability to spread and lift the toes, moderate-to-significant
right kyphoscoliosis that was worsening over time and causing
her further difficulty in motion, as well as lower back pain.
She used an assistance device (cane) for walking. In the past,
due to her progressive instability, the neurologist had recom-
mended rehabilitation, including ozone therapy, acupuncture,
and several variations of classical physiotherapy, but none of
these methods worked. As a result, the patient had expressed
increasing concerns about disability, and her fatigue and im-
pairment had led to several falls. She had had MRI scans of
the brain and spinal cord in 2001 and 2011, which showed
multiple demyelinating lesions in the periventricular white
matter and across the length of the cervical spinal cord, none
of which ever showed neither gadolinium enhancement nor
significant change.

Design of the NS tool

Our purpose was to design an assessment tool that would
allow us to contextualize and analyze the limitations of MS
patients during the perception-action internal and external
constructive process, in order to address complex clinical is-
sues that disturb such patients. Based on the FM Method,
we thus designed the NS assessment tool (Table 1). The NS
involves three sections (Sections I, II, and III), during which
the practitioner collects data on three specific motor-cogni-
tive functional areas, in the form of specific indicators (e.g.,
spasticity, fatigue, spatial orientation, time and rhythm change
perception, balance parameters, etc.). Section I involves an ex-
ploratory manipulation through touching (hands-on work), in
the form of a functional integration (FI) process (for further
explanation see [2] in Appendix A), according to specific MS
symptomatology and kinesthetic awareness of the subject; this
section is performed solely during intervention, by the practi-
tioner, on the subject. Section II involves a modifiable training,
which is based on awareness-through-movement (ATM), on
published data and on a constraints’ assessment by the prac-
titioner through NS evaluation during execution. Section III
involves assessment, both by the practitioner and the subject,
of reference actions, namely standing, walking, and sitting.
Sections II and III — that is, ATM sequences and reference
actions — form the “home training”, which the subject exe-
cutes following recorded auditory cues. Importantly, Section
III is, in part, based on the Short Physical Performance Bat-
tery protocol [30]. All indicators evaluated in each Section are
explained in detail in Appendix A.

Procedure Overview

'The procedure we performed on the selected subject in-
cluded six weeks of intervention (Weeks 1 to 6), preceded by
one week of baseline evaluation (Week 0). All interventions
and baseline evaluation were conducted in 2019, at Feldenkrais
Praxis Athens by the author. Each intervention week, as well
as the baseline week, consisted of a self-report by the subject,
followed by assessment with the NS tool (see Table 1). More

precisely: During Week 0 (Baseline Week), the subject was
first asked to describe any limitations she experienced in her
everyday life. Next, Section I of the NS was performed by the
practitioner at Feldenkrais Praxis Athens. Then, Sections II and
IIT were performed in order to familiarize the subject with the
required movement patterns. The practitioner’s instructions for
Sections IT and IIT were recorded, so that the subject could re-
peat these sections at home for an entire week. The next week
(Intervention Week 1), the subject came in and was asked to
describe how she had experienced her home training. After
this short self-reporting, Sections I, IT and III of the NS were
performed, appropriately modified by the practitioner accord-
ing to the subjects’ responses during the self-reporting. Again,
instructions for Sections II and III were recorded as auditory
cues for home training. All subsequent weeks of intervention
(Weeks 2 to 5) followed the above-described pattern.

Results

In order to assess the easiness of use, the effectiveness, as
well as the overall structure of the NS, we applied it to a select-
ed patient and recorded the outcomes in a detailed manner:

Baseline evaluation/intervention

Baseline evaluation/intervention at Week 0 consisted
of a short self-report by the subject and an evaluation with
the NS. During the self-report — the first of the entire pro-
cedure —, the subject described that in her everyday life she
encountered constraints in terms of her perception-action,
interoception and responsiveness to environmental stimuli.
Next, during Section I of the NS, which lasted 40 minutes and
focused primarily on the control between dorsi and plantar
flexion, the subject presented intense spasticity (on a grading
scale of 0 to 2, she scored a 2; see Appendix A for a detailed
description of the grading used for spasticity) and very strong
sensory disturbances (Table 2, column “Week 07, Section I).
During Section 1II, focus was given on a specific ATM se-
quence, termed “Balancing between sitting and lying #17[31]:
‘The subject was asked to connect movement with gravity, by
prompting her to find on her own some means of support. She
was reminded that every movement should start by pushing
through the heels. She was thus asked to balance while mov-
ing from supine to sitting position and while rolling from left
to right, or vice versa. Overall, she showed limited response to
the rehabilitative process of Section II (e.g., inadequate spatial
orientation, totally uncontrolled basic functional organization,
perturbed breathing patterns, etc.; see Table 2, column “Week
07, Section II). At the beginning of Section III, the subject
was asked to walk a distance of 4 m, which she covered in 8,84
sec. She also exhibited severe unsteadiness during walking; she
was unable to maintain her balance during the swing phase of
her walking. At the end of Section III, the subject was asked
to select a favorite song, which brought about good memo-
ries: While listening to it, she was asked to perform a short
“choreography” by moving freely in the space and changing
her direction, rhythm, timing, and balance control according
to the melody. Notably, ATIM movement sequences “balancing
between sitting and lying” ATM #1, together with the cho-
reography lasted 24 minutes. In the end, all instructions for
Sections IT and III were recorded in the form of auditory cues
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Table 1: The Neuroplasticity Scale (NS) evaluation tool. For a full description of each indicator, refer to Appendix A.

c. Eye movement difficulties

Indicator Description Evaluation
Section I: Exploratory manipulation during functional integration (FI)
1. Sign of Babinski On/Off
2. Spasticity grading scale In certaipr;tntqe(;\rrlzment 2/1/0
3. Sensory disturbances
a.  Fatigue
b.  Tingling sensations
(on a 0-10 scale)
c¢.  Numbness
d.  Limb weakness
e.  Other
4. Hyperreflexia On/Off
Section II: Awareness Through Movement (ATM) sequences
1. Perception/Action
a. Spatial orientation Headigigr etgtisfl)) I?Sciﬁc Able/Unable
b. Cognitive ability to perceive time and change rhythm during Uncoordinated/Moderately Coor-
action dinated/Movement Viscosity
c. Confusion during action (sadness, anger, fear, doubt, discomfort, Impeded/Fluid Action — Con-
body parts’ recognition) trolled/Uncontrolled
d. Coordination of visionary, auditory and motor cues
Able/Unable
FMTA (Facilitated
Movement Through
e. Tactile perception Attention), INH
MOV (Inhibited
Movement)
INH MOV/FMTA
f. Alternation between internal-external attention circuits
On/Off
2. Scanning measurement
a. Use of internal maps to simulate movement without execution On/Off
b. Sensing tonus and asymmetries
Able/Unable
3. Basic functional organization
a. Flexion
b. Extension Controlled/Uncontrolled
c. Side bending
d. Rotation
e. Counter rotation
4. Signs of optic neuritis
a. Eye fatigue/pain during movement On/Off
b. Reduction of visual acuity/visual field On/Off

Lack of eyeball rotation/Mod-
erately controlled/Eyeball

coordinated movements
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5. Respiration

a. Breathing rate Increased/Decreased
b. Holding patterns during inhalation/exhalation/pauses Impeded/Improved
6. Swallowing activation On/Off
Section I1I: Reference actions (walking, standing, sitting)

1. Walking speed sec

a. Shortening length of stepping Ti;llztze;i?g 3?3:;:;; On/Off

b. Increasing of double leg support On/Off

c. Decreasing of single leg support On/Off

d. Swing time dynamics Stable/Unstable
2. Counter balance

a. Time of standing position min

b. Side-by-side standing Held/Held >10 sec
c. Tandem stand Unable/5 sec/10 sec
3. Dynamic sitting position

a. Orbiting and moving around a support base Able/Unable

and given to the subject so that she would perform them daily
for the entire week. Of note, in Section III, special focus was
given on the clearance of left foot swing phase during walking
and forward propulsion.

Intervention week 1

'The following week — Intervention Week 1 —, several indi-
cators in all three Sections of the NS showed a slight improve-
ment (Table 2, column “Week 17). More specifically: During
Section I, which lasted 40 minutes and focused on reducing
spasticity and controlling flexion and extension, the subject
showed significantly less intense sensory disturbances, as well
as reduced spasticity (score = 1), compared to Week 0 (Table 2,
column “Week 17, Section I). Next, prior to initiating Section
II, the practitioner clarified several instructions for specific
ATM sequences, which seemed to have been misinterpreted
or falsely executed by the subject during home training and
highlighted the importance of minimizing motor range and
effort and focusing on breathing, in order to better coordi-
nate movement sequences. Section II was then performed in
a 21-minute session. Several indicators showed improvement
(for instance, the subject was able to spatially orient herself, to
moderately control basic functional organization, etc.; Table 2,
column “Week 17, Section II). Improvement was also seen in
Section III, which lasted 15 minutes: The subject walked a 4
m distance in about half the time she did during Week 0 (4,90
sec vs 8,84 sec) and was able to orbit around a support base
(Table 2, column “Week 1”7, Section III). However, she still
showed signs of significant balance unsteadiness: She contin-
ued to present shortened stepping length and had difficulty
in supporting herself on one foot in order to move the other.
'The subject also showed motor improvement during choreog-
raphy; in fact, she mentioned that, whenever possible, she had

started coupling some of her the daily activities with music
and dance, following the recorded instructions about rhythm
change, speed alternation, backward stepping and rotation
changes.

Intervention week 2

During Section I, which lasted 28 minutes, the subject
showed no spasticity (score = 0), but her sensory disturbances
were back to maximum levels (Table 2, column “Week 2”, Sec-
tion I). In fact, the subject mentioned that during home train-
ing over the past week, her effort was uncontrolled, and her
pain and discomfort were extreme. It was thus chosen to con-
trol pain and discomfort by minimizing the flexion and exten-
sion motor pattern range in different areas of the body. During
Section II, which lasted 29 minutes, all indicators were found
identical to those measured during Week 1, except for the fol-
lowing: Confusion during action was again evident, flexions
and extensions were uncontrolled, and breathing rate seemed
increased (Table 2, column “Week 2”, Section II). Hence, for
home training, focus was given on the five-foot digits’ lifting,
especially the role of the fifth digit in walking and balancing.
A modified version of ATM #446 entitled “Ideal bending”was
selected for practice (in this ATM sequence, the subject lies in
supine position and is asked to lift the fifth foot’s digit, while
simultaneously dragging the heel against the floor; the pur-
pose is to eventually bend the knee, using the foot digit as the
“driving force”, while flexing her thoracic spine) [32]. During
Section III, which lasted 9 minutes, the subject showed slight-
ly increased walking speed (she covered a 4 m distance in 4,40
sec, whereas shed covered it in 4,90 sec during Week 1). All
other balance parameters, however, remained unchanged com-
pared to Week 1, except for two: Stepping length shorten-
ing and double length support were absent (Table 2, column
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“Week 27, Section III). Gait training was thus performed,
in order to clarify the role of foot mobility, pelvis back and
forth movement, propulsive force, cadence and swing during
walking. In the choreography that followed, gait training was
incorporated: Through verbal instructions, the subject was
prompted to differentiate her toes while finding her midline,
weight shifting and rotating.

Intervention week 3

During the short self-assessment that preceded NS evalu-
ation, the subject was able to clearly identify that her breathing
abnormalities were associated with her spasticity and instabil-
ity, and that her divided attention affected her balance, spas-
ticity, and pain. During Section I, which lasted 34 minutes,
the subject showed reduced spasticity (score = 1), as well as
reduced lower back pain (Table 2, column “Week 37, Section
I). Because of what the subject had observed in relation to her
breathing, ATM #17, termed “Breathing” [33], was performed
in order to help maximize her exhalation phases in supine and
side-lying position; emphasis was given to alternate between
the chest and the abdomen while breathing (inhaling/exhal-
ing) and to activate the swallowing process, so as to decrease
sympathetic nervous activation and increase parasympathetic
relaxation response. It should be noted here that the reason
for which an ATM sequence was incorporated during Sec-
tion I is that the subject’s clear ability to mentally connect her
breathing abnormalities to her movement difficulties provided
“fertile ground” for the practitioner to act upon and smoothly
transition to the next section. During Section II, which lasted
29 minutes, the subject showed controlled basic functional or-
ganization (flexion, extension, side-bending, rotation, counter
rotation), decreased breathing rate, improved breathing pat-
terns and swallowing activation (Table 2, column “Week 37,
Section II). It was thus decided to incorporate ATM #446
(“Ideal bending”) and ATM #17 (“Breathing”) in this weeK’s
home training, in order to further reduce pain and discomfort.
During Section III, which lasted 13 minutes, no significant
changes were observed in the indicators that were evaluat-
ed, compared to Week 2 (Table 2, column “Week 3”, Section
III). Gait training was performed in order to introduce pelvis
movement during walking.

Intervention week 4

During the self-report that preceded NS evaluation, the
subject mentioned that, over the past week, she had expe-
rienced acute cervical pain, inability to support or orbit her
head while sitting, discomfort during sleep, uncoordinated
eye movements while turning the head and uncontrolled ba-
sic functional organization. During Section I, which lasted 37
minutes, her sensory disturbances were found to be increased
and her actions were impeded when in discomfort; however,
her spasticity was moderately controlled (score = 1; Table 2,
column “Week 47, Section I). EI. process was applied in sit-
ting position, while the head was supported, and included ex-
tension/flexion reversibility in the thoracic and lumbar spine
regions. During Section II, which lasted 19 minutes, the most
notable change that was seen, compared to Week 3, was that
all basic functional organization seemed once again uncon-
trolled (Table 2, column “Week 4”, Section II). It was decided

to perform ATM #146 [34] (“Bending the spine while sitting
on a chair”), in order to prompt the subject to mobilize her
C7-T1 spinal segment (cervicothoracic junction) along with
her pelvis. During Section III, which lasted 10 minutes, no
significant alteration was observed in comparison to Week 3:
The subject’s balance parameters remained unchanged, while
she covered the 4 m distance in 4,40 sec — that is, she required
slightly more time than she did the previous week. Balance
sequences and choreography involved auditory cues for weight
shift, aiming at highlighting the role of the eyes in spatial
movement, as well as their use as an initiator of head mobili-
zation in different directions.

Intervention week 5

During Section I (36 minutes) of the NS evaluation, the
subject showed no spasticity at all (score = 0), as well as signifi-
cantly reduced sensory disturbances (Table 2, column “Week
57, Section I). FI process was applied in supine, in side and in
prone position; the purpose was to connect the head with the
rest of the body, so as to correlate balance with head move-
ment. During Section II (29 minutes), the subject showed —for
the first time in five weeks— an ability to coordinate visionary,
auditory and motor cues. Her basic functional organization
was back to a controlled level, and her swallowing remained
activated (Table 2, column “Week 5”, Section II). ATM se-
quences (both in Feldenkrais Praxis Athens and intended for
home training) were based on an ATM entitled “The head
affects balance” [35], which involves circular head movements
relative to the left and right foot during walking. In this se-
quence, focus was given to clarify the various foot parts that
come into contact with the ground. Section III (17 minutes)
revealed an overall improvement in all examined indicators
(Table 2, column “Week 57, Section III). Importantly, the
subject continued to show no signs of balance unsteadiness.
Cross-leg standing position, as well as right and left cross-
body movements at a fast and slow pace, were incorporated in
balance sequences and in the choreography.

Intervention week 6

During Section I (40 minutes), the subject showed no
spasticity at all (score = 0), and minimal sensory disturbanc-
es (Table 2, column “Week 67, Section I). The practitioner
performed FI process focusing on spine twisting, with pel-
vis, chest and head coordination. All indicators evaluated in
Section II (21 minutes) were found to be improved (Table 2,
column “Week 67, Section II). Movement sequences (starting
from the sitting position) during this section aimed at restor-
ing any missing cognitive links in flexion and extension, right
and left turning and midline crossing. During Section III (19
minutes), all examined indicators showed an improvement:
The subject’s walking speed was increased (she covered a 4 m
distance in 3,42 sec) (Table 2, column “Week 6”, Section III),
and there were still no signs of balance unsteadiness. Finally,
all six weeks’ choreography sequences were combined in one,
which was performed by the subject at Feldenkrais Praxis Ath-
ens and videotaped by the practitioner. Thereafter, using this
videotaped material, the subject was asked to execute the cho-
reography on a daily basis, for as much as she could.
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Table 2: Results shown by the subject at Baseline Week (Week 0) and all throughout Intervention Weeks 1 - 6.
Week 0 Week 1 Week 2 ‘ Week 3 ‘ Week 4 ‘ Week 5 ‘ Week 6
Section I: Exploratory manipulation during functional integration (F.I.)
1. Sign of Babinski Ooff Ooff Off off Off Ooff Ooff
2. Spasticity grading scale 2 1 0 1 1 0 0
3. Sensory Disturbances
a. Fatigue
b. Tingling Sensations
10 3 10 5 7 3 1
c. Numbness
d. Limb Weakness
e. Other
4. Hyperreflexia Ooff Off Ooff Off Ooff Ooff Off
Section IT: ATM (Awareness Through Movement) sequences
1. Perception/Action
a. Spatial orientation Unable Able Able Able Able Able Able
b,' Cognitive ability to pereetve . Moderately Moderately | Movement Moderately Moderately | Movement
time and change rhythm during Uncoordinated . . . . . o
action coordinated coordinated viscosity coordinated | coordinated |  viscosity
c. Confusion during action Impeded U )
(sadness, anger, fear, doubt, mpe. ¢ Controlled Uncontrolled neon Impeded action | Controlled | Controlled
. - Action trolled
discomfort, body parts recognition)
d. Coordination of visionary, Unable Unable Unable Unable Unable Able Able
auditory and motor cues
e. Tactile perception INH MOV FMTA FMTA FMTA FMTA FMTA FMTA
'f. Alternation between o OF OF Off On On On On
internal-external attention circuits
2. Scanning measurement
. Using 1ntc1.rnal maps to ?nnulate Off Moderate Moderate On On On On
movement without execution
b. Sensing tonus and asymmetries
Unable Able Able Able Able Able Able
3. Basic functional organization
a. Flexion Uncontrolled Moderately Uncontrolled | Controlled | Uncontrolled | Controlled | Controlled
controlled
b. Extension Uncontrolled Moderately Uncontrolled | Controlled Uncontrolled Controlled | Controlled
controlled
c. Side-Bending Uncontrolled Moderately Moderately Controlled | Uncontrolled | Controlled | Controlled
controlled controlled
d. Rotation Uncontrolled Moderately Moderately Controlled | Uncontrolled | Controlled | Controlled
controlled controlled
e. Counter rotation Uncontrolled Moderately Moderately Controlled | Uncontrolled | Controlled | Controlled
controlled controlled
4. Signs of optic neuritis
a. Eye fatigue/pain during Off Off Off Off Off Off Off
Movement
b- Reduction of visuzl Off off off off On Off Off
acuity/visual field
. . Lack of Lack of eyeball Lack of Moderately Lack of Eye.ball Eye.ba]l
c. Eye movement difficulties . . eyeball . coordinated | coordinated
eyeball rotation rotation . controlled | eyeball rotation
rotation movements | movements
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5. Respiration
a. Breathing rate Increased Decreased Increased Decreased Decreased Decreased | Decreased
lt)i‘orljiﬁillllftif(]) a:/t}e);rlllssiuring inhala- Impeded Impeded Impeded Improved Improved Improved | Improved
6. Swallowing Activation Off Off Off On On On On
Section I1I: Reference actions (walking, standing, sitting)
1. Walking speed 8,84 sec 4,90 sec 4,40 sec 4,20 sec 4,40 sec 3,40 sec 3,42 sec
a. Shortening length of stepping On On Off Off Off Off Off
b. Increasing of double leg support On On Off Off Off Off Off
¢. Decreasing of single leg support On On On Off Off Off Off
d. Swing time dynamics Unstable Unstable Unstable Unstable Unstable Stable Stable
2. Counter Balance
a. Time of standing position <2 2 2 2 2 2 2
b. Side by side stand Held >10 sec >10 sec >10 sec >10 sec >10 sec >10 sec
c. Tandem stand Unable 5 sec 8 sec 10 sec 10 sec 10 sec 10 sec
3. Dynamic sitting position
- ?:(E’?iﬁ}%;i‘ti moving around a Unable Able Able Able Unable Able Able

Current Status of Subject

'The patient’s cranial nerve exam is essentially normal. In
her motor exam, she is generally frail with a rather decreased
muscle bulk. When examined in a seated position, her muscle
tone in the lower extremities is only slightly increased sym-
metrically; but, given that the lower extremity muscle strength
is 4-/5 to 4/5, from a functional perspective, it appears as if
it is actually an insufficient tone of the type of spasticity that
would better counterbalance her weakness. Her muscle tone in
the upper extremities is now normal, and her muscle strength
is 5/5. Her superficial and deep sensory exam are normal. She
needs a cane; however, she is able to stand still, with her eyes
closed, without using it. Cerebellar function tests are normal,
although their evaluation is limited. Her current medications
include: Fampridine 10 mg b.i.d. (since 2014), Citalopram 20
mg q.d., Venlafaxine XR 150 mg q.d., and vitamins. Impor-
tantly, as stated in the patient’s last medical report, delivered
by her neurologist in September 2022: “The patient has been
following a therapeutic Feldenkrais protocol and a repetitive
home training programme for years; I have seen her benefit
objectively, far beyond her subjective evaluation of its benefi-
cial effects. Whenever there is a functional worsening of her
gait, by increasing the frequency of the sessions and complying
better with home training guidelines, her daily functional per-
formance improves impressively quickly. This [improvement]
is usually more evident after a flu-like illness or because of
sensitivity to heat in the summer.”

Discussion

Most of the existing evaluation tools for MS are limit-
ed in terms of deciphering the motor-cognitive interface. On
the other hand, there are functional MRI studies, which reveal
neurological aspects that could be applied to FM and other

movement practices, but their daily use by practitioners is not
possible; and more importantly, their results have not been val-
idated in non-resting state conditions (for instance see [36]).
This prompted us to design a comprehensive, efficient, and
easy-to-use assessment tool, the NS, which would take into
account each individual’s daily experiences and constraints and
would therefore allow the practitioner to setup a personalized
intervention, including a weekly home training programme
for the subject.

Here, we applied our procedure to a single selected MS
patient, in order to test the feasibility and efficiency of the NS
approach as a proof-of-concept; in other words, to contextu-
alize and analyze its use. Essentially, through repetition and
weekly measurements of change, the NS was used to record
brain learning in the context of rehabilitation. We found that
the overall structure of our NS methodology enabled the sub-
ject to overcome her constraints during action, by triggering
her learning ability and helping maintain her commitment to
the rehabilitative process. During our six-week intervention
procedure we saw that the subject developed self-awareness,
through interoception and proprioception, and as a result
showed optimal perceptual-motor adaptation. More specifi-
cally: By the end of Week 6, the subject showed no spasticity at
all (score = 0); in addition, her sensory disturbances, although
having fluctuated over the previous weeks, were practically ab-
sent (on a 0 to 10 scale, her disturbances were around 1). This
is particularly important, as one of the primary problems she
had when she came in for a baseline evaluation was her daily
pain and fatigue. Moreover, already by Week 1, she showed
ability to spatially orient herself, capacity to sense tonus and
asymmetries and decreased breathing rate. Other indicators
showed improvement later on; for instance, swallowing acti-
vation was evident by Week 3, while the ability to coordinate
visionary, auditory and motor cues was evident only by Week
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5. Notably, her basic functional organization (flexion, exten-
sion, side-bending, rotation, and counter-rotation) showed
significant fluctuation: Such processes alternated between un-
controlled and controlled; in the end though, they were found
to be controlled. Also, the subject’s walking speed showed a
rather constant increase over the six-week course: By Week
6, she was able to cover a 4 m distance in 3,42 sec, whereas at
Week 0 she needed 8,84 sec to walk the same distance. More
importantly, already by week 2, she showed no signs of bal-
ance unsteadiness — a status, which she thereafter maintained
during all subsequent weeks.

We should note here that, importantly, although we origi-
nally designed the NS based on the described patient, we have
subsequently applied our tool to another 20 patients (10 study
patients, to whom NS was applied according to the described
protocol, and 10 control patients, to whom no NS was applied)
and have reported the relative results [37].

It is crucial to stress here that, in contrast to the EDSS
and the BBS, in general, the NS does not attribute scores to
individuals; rather, it offers a means to monitor an individual’s
responsiveness throughout the rehabilitative process by culti-
vating a sense of awareness that leads to functionality, and can
hence be used to design, on a week-to-week basis, personal-
ized interventions for patients. However, we do not wish to
exclude the possibility of incorporating in the future some sort
of scoring system in our method.

It should also be mentioned that the results presented here
cannot be generalized for the time being; rather, they should
be perceived as a means of evaluating the disease course of
MS patients. Furthermore, one should keep in mind that brain
learning cannot be assessed in terms of quantifiable improve-
ment, since each patient displays different levels of sensory,
perceptive, and motor amelioration.

Conclusion

Overall, our methodology highlights the importance of
systematic evaluation for the establishment of better treatment
in MS patients. The fact that our procedure involved repetitive
home training and intervention, which changed on a weekly
basis depending on the subject’s responses and brain learning
ability, reveals the significance of systematic assessment and
constant adaptation of any motor-cognitive rehabilitative ap-
proach. The methodology we have designed clearly shows that
a subject might respond to the same movement requirements
in a different way every week; therefore, it is absolutely critical
to monitor him/her closely, not only in clinical practice, but
also by clearly asking him/her to express in his/her own words
what he/she experiences on an daily basis.

Ideally, we should be aiming at adapting a treatment to
the patient, rather than the patient to a treatment; hence, we
believe that, with further refinement and expansion to multi-
ple individuals, the NS — a novel, useful, eflicient, and easy-to-
use tool — could be used as a “platform” upon which MS reha-
bilitation can be based, both in clinical practice and in research
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