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Abstract.

BACKGROUND: Walking independently after a stroke can be difficult or impossible, and walking reeducation is vital. But
the approach used is often arbitrary, relying on the devices available and subjective evaluations by the doctor/physiotherapist.
Objective decision making tools could be useful.

OBJECTIVES: To develop a decision making algorithm able to select for post-stroke patients, based on their motor skills,
an appropriate mode of treadmill training (TT), including type of physiotherapist support/supervision required and safety
conditions necessary.

METHODS: We retrospectively analyzed data from 97 post-stroke inpatients admitted to a NeuroRehabilitation unit. Patients
attended TT with body weight support (BWSTT group) or without support (FreeTT group), depending on clinical judgment.
Patients’ sociodemographic and clinical characteristics, including the Cumulative Illness Rating Scale (CIRS) plus mea-
sures of walking ability (Functional Ambulation Classification [FAC], total Functional Independence Measure [FIM] and
Tinetti Performance-Oriented Mobility Assessment [Tinetti]) and fall risk profile (Morse and Stratify) were retrieved from
institutional database.

RESULTS: No significant differences emerged between the two groups regarding sociodemographic and clinical character-
istics. Regarding walking ability, FAC, total FIM and its Motor component and the Tinetti scale differed significantly between
groups (for all, p<0.001). FAC and Tinetti scores were used to elaborate a decision making algorithm classifying patients
into 4 risk/safety (RS) classes. As expected, a strong association (Pearson chi-squared, p <0.0001) was found between RS
classes and the initial BWSTT/FreeTT classification.

CONCLUSION: This decision making algorithm provides an objective tool to direct post-stroke patients, on admission to
the rehabilitation facility, to the most appropriate form of TT.
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1. Introduction death (Gresham et al., 1979). Between 55% and 75%
of post-stroke patients are characterized by severe
motor function deficits, negatively affecting their
quality of life and professional or daily life activi-
ties (Dionisio, Duarte, Patricio, & Castelo-Branco,

2018). Difficulty or inability to walk is one of the

Stroke is one of the most common disabling condi-
tions worldwide and the third most frequent cause of
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most common effects of stroke, and restoration of
gait is a primary goal of rehabilitation (Bohannon,
Andrews, & Smith, 1988).
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Recovery of walking ability can be achieved thr-
ough a variety of rehabilitation approaches: 1)
mechanically-assisted walking (MAW); 2) treadmill
training (TT), eventually with body weight support
(BWSTT); and 3) walking training on the ground
(WTG). All these activities consist of exercises with
different characteristics of intensity, repetitiveness
and functionality (mobility task training) recom-
mended (class I, level A) by the American Heart
Association (AHA) 2016 guidelines (Winstein et al.,
2016). According to these guidelines, different modes
of gait training combined with conventional reha-
bilitation can be used for the recovery of walking
function (class IIb, level A). In particular, BWSTT
should be used in post-stroke patients who cannot
walk independently or have limited capacity (class
IIb, level A), with benefit especially in older subjects,
with a greater gait impairment (Barbeau & Visintin,
2003). The 2015 Canadian Guidelines (Casaubon et
al., 2016) also recommend use of TT/BWSTT when
WTG may not be feasible or safe. According to a
recent review (Mehrholz, Thomas, & Elsner, 2017),
people who perform TT after stroke are not more
likely to improve their walking ability than those who
do not perform TT. Conventional rehabilitation exer-
cise and WTG to date are at least as effective as more
complex strategies such as treadmill or robot-based
interventions (Dickstein, 2008). In agreement with
other authors, Rensink et al. (Rensink, Schuurmans,
Lindeman, & Hafsteinsdottir, 2009), comparing three
high-quality studies on the effects of WTG vs. TT per-
formed in subacute and chronic phases, showed that
both strategies improve performance without signifi-
cant differences. Recently, some studies focused their
attention on comparing different types of robotic-
assisted BWSTT or locomotor with standard BWSTT
(Esquenazi et al., 2017) and on predictors, clinical
outcomes, timing and type of walking rehabilitative
interventions (Selves, Stoquart, & Lejeune, 2020):
no significant differences in efficacy, but differ-
ent indications on timing between modalities, were
underlined.

While there is no significant difference in efficacy
between the methods, they can differ in terms of
their practicability and safety. Therefore, based on
the clinical assessment, the choice of the most appro-
priate rehabilitative method should be guided by a
pragmatic approach (Dickstein, 2008) considering
two fundamental points: the need for an appropriate
selection of patients (with clear indications of “who”
and “on what basis”) (Ada, Dean, Hall, Bampton, &
Crompton, 2003; da Cunha et al., 2002; Franceschini

etal., 2009; Gamaet al., 2017; Ng, Tong, & Li, 2008;
Pang, Charlesworth, Lau, & Chung, 2013) and the
need to ensure the most appropriate safety conditions
(Eng & Tang, 2007; Mehrholz et al., 2017).

At present, however, the walking reeducation
approach used depends on the number and type of
devices available, recommendations from the liter-
ature (“White Book on Physical and Rehabilitation
Medicine in Europe. Introductions, Executive Sum-
mary, and Methodology,” 2018), and the doctor’s
clinical judgment and physiotherapist’ evaluations.
Specific decision making tools are few or lacking
altogether. Considering the limited resources avail-
able in the health sector and also the more widespread
diffusion of equipment such as MAW, TT, and
TTBWS, it is essential to offer a service that, start-
ing from the functional assessment of the patient and
respecting efficiency and safety criteria, can enhance
the effectiveness of the rehabilitation process without
increasing the burden on the physiotherapist (whose
role ideally should be, where possible, to guide the
exercise program in a supervisory capacity).

The main purpose of this study was to identify,
in post-stroke patients, the motor skills sufficient to
permit TT use under the supervision of the physio-
therapist in the most appropriate safety conditions.
Based on these measured skills, we elaborated a
decision making algorithm, permitting an objective,
repeatable and safe decision on “if and how” touse TT
as a walking reeducation intervention. A secondary
aim was to evaluate if there were any adverse events
or annotations relating to the use of TT in this type
of patient.

2. Material and methods
2.1. Study design

The protocol was approved by the Ethical Commit-
tee of the Istituti Clinici Scientifici (ICS) Maugeri,
Pavia, Italy (CEC 2340 10 September 2019). All
patients provided informed consent for the scientific
use of their data.

This was a one-time retrospective observational
study performed on a cohort of patients whose
data were in our institutional database, following
STROBE reporting guidelines.

Patients with a diagnosis of stroke (subacute or
chronic stroke) known at the neurological visit, and
admitted to our NeuroRehabilitation unit in the period
July 2018-December 2019 for a usual rehabilitation
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period of about two months, were considered. They
were adults of both sexes to whom reeducation of
walking was planned. Rehabilitation plan included
TT with a comfortable speed and daily session of
10—15 minutes 5 out 7 days/week. During the usual
rehabilitation, the physiotherapist (PT) tailored on
the specific patient ability and needs the mode of TT
with the safety condition (fall retention and/or double
support) retained most appropriate based on clinical
judgment and expertise (Barbeau & Visintin, 2003).
Clinical data and functional performance were eval-
uated for all patients (able, unable or at high risk for
TT) following ICS Maugeri internal fall risk assess-
ment (I0 ICSM CGA rev0, 2018) and were collected
in the institutional database.

2.2. Algorithm development

Information regarding sociodemographic charact-
eristics, classification of stroke (subacute or chronic),
presence of comorbidities (evaluated by Cumu-
lative Illness Rating Scale (CIRS) (Parmelee,
Thuras, Katz, & Lawton, 1995), clinical scales of
demonstrated reliability administered by the phys-
iotherapist the day after admission and any adverse

events/annotations registered during the rehabilita-
tion process, were extracted from institutional
database.

In the phase of the algorithm setup, data from
patients who were considered by the physiothera-
pist to be unable to understand verbal instructions
or motor commands or to have a high safety risk for
TT because i) needing for total support in walking
(Functional Ambulation Classification score =0) or
ii) were in unstable clinical conditions (presence of
uncontrolled epilepsy, apraxia, orthostatic hypoten-
sion, severe cognitive deficits) were excluded (Fig. 1).

For the development of the algorithm we con-
sidered clinical scales related to motor and balance
skills as: the Functional Ambulation Classifica-
tion (FAC) (Holden, Gill, & Magliozzi, 1986) to
assess the amount of human assistance required
with walking; the Functional Independence Mea-
sure (FIM) (Granger, Cotter, Hamilton, & Fiedler,
1993) to assess the patient’s degree of inde-
pendence and need of assistance in performing
basic ADLs (motor and a cognitive subscales); the
Tinetti Performance-Oriented Mobility Assess-
ment (Tinetti, 1986) to assess patients’ balance from
a clinical point of view with (balance and gait

Screened post Stroke patients
From July 2018 to December 2019

N=127

Inclusion criteria (N=127 included

patients):

* Age >= 18 years

« Confirmed diagnosis of Stroke

« rehabilitative indications for
functional walking training

Exclusion criteria (N=30 excluded

patients):

« FAC=0;

» unable to understand
verbal instructions or motor
commands

« an unstable clinical condition
(presence of uncontrolled epilepsy,
apraxia , orthostatic hypotension,
severe cognitive deficits)

N=97

Eligible post Stroke patients J

Fig. 1. Study flowchart.
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components); the Morse Fall Scale (MFS) (Morse,
Morse, & Tylko, 1989) and the Stratify scale (Oliver,
Britton, Seed, Martin, & Hopper, 1997) to investigate
and quantify patients’risk of falling (see Supplemen-
tary Material for details).

All these evaluations performed in “patients able
to perform TT with or without body weight support”
were allocated in 2 groups as follows:

e BWSTT group =including patients who required
body weight support to perform TT exercises

e FreeTT group = including patients who could per-
form TT exercises without the need for body
weight support (totally free or using bars for sup-
port).

Comparison between groups on all scale scores
was performed and, only in case of statistically sig-
nificant difference, we established a cut-off value to
identify different classes of risk in TT used. Cut off
value was expressed as media = 1SD or 1st/3rd quar-
tile according to parametric or not parametric nature
of data. Adverse events were collected as well and
reported to better define the applicability criteria of
the algorithm and/or to assign patients directly to the
higher security class.

Possible differences between clinical judgment
and algorithm application were also evaluated in the
two groups.

2.3. Statistical analysis

2.3.1. Sample size estimate

As this is an observational cohort study with retro-
spective evaluation, we did not carry out an estimate
of the representative sample size. The number of

patients recruited was conditioned by the available
patients within the selected time period.

2.3.2. Comparison between groups

All data were evaluated for Gaussian distribution
(Shapiro-Wilk test) before applying statistical anal-
ysis using the R programming language(24). Based
on the result, Student’s z-test or Wilcoxon test was
applied to compare mean or median values between
the BWSTT and FreeTT groups.

2.3.3. Comparison between clinical judgment
and algorithm application

For frequency comparison analysis between
groups from PT clinical judgment (FreeTT and
BWSTT) and risk classes from the algorithm, we used
Pearson chi-squared test with Monte Carlo correction
in the case of low numbers.

For all analyses, a p value <0.05 was considered
statistically significant.

3. Results

One hundred twenty-seven post-stroke patients
were evaluated at our facility in the period July
2018-December 2019. All of them met the inclusion
criteria, but 30 patients were excluded because they
were considered by the physiotherapist to be unable
or at high safety risk for TT. The statistical analysis
was therefore performed on retrospective data from
97 patients able to perform TT according to clinical
indication (Fig. 1).

Table 1
Baseline demographic and clinical characteristics for the whole study population and BWSTT vs. FreeTT groups
All BWSTT FreTT P
(n=24) (n=173) (delta; 95%CTI)
Sex, M/F 47/50 9/15 38/35 0.2463
Age, years*® 75 (68-80) 77 (69-85) 75 (68-80) 0.1765
Subacute/chronic Stroke 56/41 14/10 42/31 1.0000
CIRS 1* 2.0 (1.7-2.4) 1.9 (1.8-2.5) 2.0(1.7-2.4) 0.5584
CIRS 2* 5.0 (3.0-8.0) 5.0 (3.0-8.0) 5.0 (3.0-8.0) 0.7461
Total FIM" 83.39 (21.59) 70.38 (17.96) 87.67 (21.05) 0.0003
(17.30; 8.40-26.19)
Cognitive FIM* 30.0 (24.0-34.0) 27.0 (24.0-33.5) 31.0 (35.0-34.0) 0.3918
MEFS* 40.0 (25.0-60.0) 40.0 (28.8-61.2) 40.0 (25.0-60.0) 0.7518
Stratify™* 0(0-2) 1(0-1) 0(0-2) 0.5132

Legend: BWSTT =Body Weight Support Treadmill Training; FreeTT =Free Treadmill Training; CIRS = Cumulative Illness Rating Scale;
FIM = Functional Independence Measure; FAC = Functional Ambulation Classification; MFS = Morse Fall scale; *Median (1st—3rd quartile)
and related Wilcoxon test; “Mean (Standard deviation) and related T Student test.
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Fig. 2. FAC (panel A), Motor FIM (panel B) and Tinetti
(panel C) Boxplot of BWSTT vs. FreeTT group. For the
three scales higher score values indicate higher function-
ing. Legend:FreeTT =Free treadmill training; BWSTT =Body
weight support treadmill training; FAC =Functional Ambula-
tion Classification; FIM=Functional Independence Measure;
Tinetti = Tinetti Performance-Oriented Mobility Assessment
A +B component.*p <0.0001.

3.1. Comparison between groups

Table 1 and Fig. 2 show the demographic and clin-
ical functional characteristics in the total population
and in BWSTT and FreeTT groups.

The study population was composed of elderly
individuals, admitted to rehabilitation after suba-
cute (58%) and chronic stroke (42%), evenly divided
between males (48%) and females, with alow number
of comorbidities (Table 1). No significant difference
emerged regarding the sociodemographic and clini-
cal characteristics between the two groups. On the
contrary, functional characteristics as walking ability
and balance (measured by the FAC, total FIM, Motor-
FIM, and Tinetti scale) differed significantly between
the two groups (for all, p <0.001).

Figure 2 shows the boxplot distributions related to
the three scales with significant differences between
groups. Delta changes between groups were 2.00
for FAC (95%CI=1.00-2.00), 15.79 for Motor
FIM (95%CI=8.51-23.06) and 10.33 for Tinetti
(95%CI=8.80-11.87).

These three scales were considered for the decision
making algorithm development. The FAC 1st quartile
value of the BWSTT group was the most important
discriminating item and was used firstly in the algo-
rithm to define patients with poor walking ability,
particularly those for whom the use of TT should be
in conditions of maximum safety (with the support of
a dedicated operator).

The Tinetti Scale was the second discriminating
item, useful to differentiate between BWSTT and Fr-
eeTT and to decide, in FreeTT, whether support on the
bars is necessary or not. Motor-FIM was not included
in the algorithm development. The Tinetti scale was
preferred to the Motor-FIM because it enabled a bet-
ter BWSTT/FreeTT stratification: the related Tinetti
boxplots do not overlap (Fig. 2), with a greater sig-
nificance and a narrower confidence interval.

3.2. Algorithm development

The FAC and Tinetti scales were included in
the decision making algorithm (Fig. 3) that assigns
patients to four risk/safety (RS) classes, as described
below:

e RS class 4 (HIGH RISK/MAXIMUM SAFETY
required): patients performing TT with need
for both body weight support and further sup-
port/help of a dedicated physiotherapist (BWSTT
clinical-assignment group);
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Clinical evaluation: indication for walking reeducation
Physioterapic evaluation: decision making algorithm to
choose appropriate TT

A

FAC scale evaluation

FAC=0, TN
enable to execute yes E,I'OSSI(:?I“FI)II .Of
instruction, reaamill in
clinical instability RS4
BWSTT
1PT:
1patient
> RS4
Tinetti scale evaluation Treadmill yes
with BWS and
dedicated PT
RS3 BWSTT
Treadmill yes 1PT:
with BWS >1patient
RS2
Treadmill yes
with bars T
1PT:
>1patient
RS1
Treadmill yes
free

Fig. 3. Flowchart of Decision making algorithm for TT. Legend: FreeTT =Free treadmill training; BWSTT =Body weight support treadmill
training; FAC =Functional Ambulation Classification; FIM =Functional Independence Measure; Tinetti = Tinetti Performance-Oriented
Mobility Assessment A + B component; PT = physiotherapist.
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e RS class 3: patients performing TT with body
weight support and physiotherapist supervision
(BWSTT clinical-assignment group);

e RS class 2: patients performing TT without
body weight support but with the aid of bars
and physiotherapist supervision (FreeTT clinical-
assignment group);

e RS class 1: (LOW RISK/LOW SAFETY neces-
sity): patients performing TT without body wei-
ght support or the aid of bars, but only under
physiotherapist supervision (FreeTT clinical-
assignment group).

The assignment to the risk class was based on the
following considerations (Fig. 3):

1) For patients with FAC <1 (where 1 was 1st
quartile value of the BWSTT group), the Tinetti
scale value was not necessary (Tinetti A could
be considered as an indicator of balance) and
patients were directly assigned to RS class 4. To
the same risk class, with a careful and tailored
clinical evaluation by PT, could be assigned also
patients with FAC = 0 and/or inability to execute
commands and/or with pathologies involving
a high risk of falling (uncontrolled epilepsy,
orthostatic hypotension, apraxia, severe cogni-
tive deficits), initially excluded from TT.

2) For patients with FAC>1, the Tinetti scale
value was used to further define the risk class:

e RS class 4 =for patients needing BWS with fur-
ther support of a dedicated physiotherapist:
Tinetti value <4.77 (BWSTT mean - 1SD);

e RS class 3 =for patients needing BWS: Tinetti
value >4.77 and < 13.85 (FreeTT mean - 1SD)

e RS class 2=for patients not needing BWS but
with the aid of bars: Tinetti value>13.85 and
<22.15 (FreeTT mean + 1SD)

e RS classl =for FreeTT patients: Tinetti value
>22.15

Therefore, using approximation to guarantee
greater safety, discriminating cut-offs with or without
health staff employment were confirmed in Figure 3
(Supplementary Materials for details).

3.3. Comparison between clinical judgment and
algorithm application

The RS class for addressing BWS or Free Tread-
mill Treatment assigned by the decision making
algorithm (dmA) was then compared with the initial
clinical judgment (Fig. 4).
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Fig. 4. RS classes from Decision making algorithm vs.
FreeTT/BWSTT initial groups. Legend: RS classes = Risk-safety
classes; FreeTT = free treadmill training; BWSTT =Body weight
supported treadmill training.

As expected, we found a strong association (Pear-
son chi-squared, p <0.0001), with 100% agreement
between RS3 + RS4 evaluated by dmA and BWSTT
clinical assignment (24/24 patients) and 81% agree-
ment between RS1+RS2 evaluated by dmA and
FreeTT (59/73 patients). The cumulative percentage
of agreement was 86%. Discrepancies were found in
14/97 patients (14%), all considered as belonging to
the initial FreeTT group but addressed by the algo-
rithm to RS3 (BWS with PT supervision only), which
enhances the condition of safe TT.

Adverse events were recorded in two patients (ang-
ina episode and fall), while four were firstly assigned
at the lowest risk condition and then switched to a
safer one by PT. See Supplementary Material for
details.

4. Discussion

Our study has highlighted in post-stroke patients
a significant difference in the FAC and Tinetti func-
tional scores between patients who perform treadmill
training with vs. without the need for body weight
support. These scales emerged as the most useful
scores to include in an algorithm to determine objec-
tively “if and how” treadmill training can be used as a
safe walking rehabilitation intervention in post-stroke
patients.

Several studies exist on treadmill training in post-
stroke patients (Bohannon et al., 1988; Mehrholz
et al., 2017). The characteristics of patients who can
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benefit or not from TT and under which specific safety
conditions have been reported in papers and guide-
lines (Casaubon et al., 2016; Winstein et al., 2016).

Primarily, our aim here was to identify an algorithm
able to indicate which patients can be “candidate”
for TT. All patients with the following character-
istics were a priori excluded by our algorithm: 1)
presence of comorbidities that constitute a contraindi-
cation to physical exercise such as: cardiovascular
diseases (Brauer, Kuys, Paratz, & Ada, 2018; Gama
et al., 2017; Ng et al., 2008); uncontrolled hyperten-
sion with values >190/110 mmHg (da Cunha et al.,
2002); New York Heart Association classes III and
IV (Franceschini et al., 2009; Globas et al., 2012);
C and D risk class for exercise according to the
American College of Sports Medicine (Franceschini
et al., 2009); musculoskeletal problems (Bonnyaud
et al., 2013; da Cunha et al., 2002); uncontrolled dia-
betes(da Cunha et al., 2002); severe cognitive deficits
defined by Mini-Mental State Examination (MMSE)
score <23 (Luft et al., 2008) or MMSE <27 (Mao
et al., 2015) or MMSE <21 (Ng et al., 2008); 2)
language deficiencies that preclude the execution of
orders (Ada, Dean, & Lindley, 2013; Ada, Dean, Mor-
ris, Simpson, & Katrak, 2010) or of two different
commands at a time (Luftetal.,2008; Ngetal.,2008);
3) inability to walk independently ranging from a
generic inability (Ada et al., 2003; Bonnyaud et al.,
2013; Franceschini et al., 2009) to inability for at least
30 m (Kim, Gong, & Kim, 2011) or for at least 3 min
at > 0.3 Km/h speed (Globas et al., 2012). According
to these indications, we defined specific exclusion
criteria for the current study.

Some authors (Pang et al., 2013) have drawn up
a series of recommendations on prescription for TT,
suggesting a division into high and low-risk patients,
in particular according to acute or chronic phase and
allocating training in a clinical setting or in the com-
munity/home, respectively. In our study, all patients
were attending an in-hospital rehabilitative program.

Secondly, basing on data from selected patients,
our decision making algorithm was developed to
clearly identify the need for BWSTT for each patient.
To this end, we used the FAC as the primary scale. In
addition, we used the Tinetti scales to determine the
need for an active presence of the physical therapist
during TT.

TT, with or without BWS, is a rehabilitative option
that allows patients to perform walking training early
and in a safe condition (Eng & Tang, 2007). But it
is necessary to clearly state what level of walking
ability is needed and when the use of the treadmill

support bars may be sufficient to guarantee an ade-
quate security. BWSTT is used in post-stroke patients
who are not able to walk independently or have a lim-
ited capacity (Mehrholz et al., 2017), but again it is
necessary to state functional ability required and the
TT modality (with active presence of the physiothera-
pist or only supervision). Some criteria have been set
for TT without support: from FAC with a score >3
(Kosak & Reding, 2000) or>3 (da Cunha et al.,
2002; Sullivan et al., 2007) to various different indica-
tions on speed, endurance and assistance in walking,
e.g. Da Cunha et al. 2002 (da Cunha et al., 2002)
and Gama et al. 2017 (Gama et al., 2017). Accord-
ing to our findings, TT without any kind of support
and with PT supervision was considered safe for
FAC > 1 and Tinetti values >22. Otherwise, BWSTT
was guaranteed to all patients on a 1:1 PT/patient
ratio with FAC < 1 and Tinetti < 5. These indications
need to be confirmed in a prospective study verify-
ing the absence of adverse events like falls, which
are often described in post-stroke patients, although
with a low frequency (Mehrholz et al., 2017). Some
examples occurred in the analyzed cases. Of note,
there were four cases in which the algorithm (high-
lighting its attention to patients’ security) indicated
a safer modality of TT than that of the initial clini-
cal decision. In these cases the initial decision was
changed in progress and the four patients switched to
a different modality of TT reflecting the algorithm’s
RS class.

Functional capacities (such as walking speed or
endurance training) and psychological status are dif-
ficult to detail with a simple algorithm for post-stroke
patients. Walking speed is considered a significant,
sensitive and reliable indicator of the severity of
the deficit and of the functional ability to walk
in community (Bijleveld-Uitman, van de Port, &
Kwakkel, 2013; van de Port, Kwakkel, & Lindeman,
2008), but it is applicable only to post-stroke patients
with good functional skills (Fulk, Reynolds, Mon-
dal, & Deutsch, 2010). However, patients can walk
quickly using compensatory strategies, so gait quality
should also be considered (van de Port et al., 2008).
Endurance is also an important parameter in assess-
ing the severity of the deficit and the functional ability
to walk (Bijleveld-Uitman et al., 2013; van de Port
et al., 2008) but one must bear in mind that these
patients are often deconditioned (An, Lee, Shin, &
Lee, 2015; Pang et al., 2013). It is also necessary to
consider that these patients may experience anxiety
on the treadmill and that walking on a treadmill with
or without body weight support is not equivalent to
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walking on the ground, due to a different biomechan-
ical activation (An et al., 2015). For all these reasons
the physical therapist’s holistic expertise could play
an important role in “fine-tuning” the risk class.

The scope of our study was not to add new infor-
mation on “what and how” to perform TT, but rather
to provide an objective, standardized and repeatable
way for health professionals to choose the best means
of TT. In fact, the algorithm should create a guided
decision making process that any PT can follow in
order to choose the most appropriate TT mode for a
given patient. However, the final responsibility of the
decision of “if and how”, eventually rejecting the indi-
cations provided by the algorithm, remains an issue
for discussion and agreement by health professionals.
For example, the PT can decide to include in RS4,
the class of maximum safety (BWS with a dedicated
physiotherapist), a specific patient not indicated as
such by the algorithm, e.g. on the grounds of clinical
criteria. This decision is, of course, at the discretion
of the clinician/physiotherapist.

The decision making algorithm is not limited to a
simple management of patient’s training but can serve
as a guide for making further objective choices, e.g.
regarding the amount of PT time needed to dedicate
to a patient (i.e. 1:1 PT/patient ratio, or PT supervi-
sion only allowing the PT to follow several patients
at the same time) or the need for support bars dur-
ing TT supporting a best use of the human resources
available.

4.1. Limitations

The single recruiting center and the low number
of patients in this study may constitute limitations.
The retrospective study design forced the studied
measured variables to the ones routinely evaluated,
excluding other important variables (e.g. ICF core
set, Fugle Meyer, Berg Balance, 6 minutes walking
test). Moreover, the fact that there were 3 times more
patients in the FreeTT group compared to the BSWTT
group may have affected the statistics.

4.2. Clinical and translational implications

The algorithm developed in this study, despite its
retrospective nature limited to a single cohort of
patients and to a specific training system in neurolog-
ical rehabilitation field, could eventually be extended,
with appropriate adaptations, to:

a) other neurological diseases (i.e. Parkinson’s
disease, other neuropathies)

b) other rehabilitation areas (i.e. cardiac and pul-
monary diseases) in order to make the algorithm
a function-dependent (i.e. walking) rather than
a disease-dependent instrument.

c) other training tools (i.e. balance board, cycle
ergometer).

Future prospective studies are warranted to eval-
uate the feasibility of the algorithm (in terms of the
available resources and absence of adverse events), its
efficacy (comparing improvement of patients’ walk-
ing ability between the different RS classes) and the
related costs and volumes of the services offered.

5. Conclusions

The elaboration of this decision making algorithm
provides a guide for allocating post-stroke patients
to TT on admission to the rehabilitation facility. The
tool allows to objectively select the most appropriate
mode of TT (free TT or with BWS, with a dedicated
PT or under PT supervision only). Use of the algo-
rithm can be extremely useful in the organizational
context of an operative unit such as a rehabilitation
gym, as it helps to make objective and repeatable
decisions regarding the feasibility and safety of spe-
cific rehabilitation practices and to make best use of
the human and instrumental resources available.
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