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Abstract

Objective: Stroke is a significant cause of disability, rendering patients with inability to perform activities of daily liv-
ing due to lack of functional recovery. Precise prognosis in the early stage after stroke could enable realistic goal-set-
ting and efficient resource allocation. Prediction algorithms have been tested and validated in the past, but they were
using neurological biomarkers; thus, they were time-consuming, difficult to apply, expensive, and potentially harmful.
The aim of this study was to create a new prediction algorithm that would not utilize any biomarkers.

Methods: A total of 127 stroke patients prospectively enrolled at day 3 after their stroke (mean age: 71, males n: 84,
females n: 43). First, a sum of shoulder abduction and finger extension (SAFE) Medical Research Council (MRC) score
was graded at day 3. Secondly, a binarized response was marked by the Mobilization and Simulation of Neuromuscu-
lar Tissue (MaSoNT) concept’s basic application on the upper limb. Third, the National Institutes of Health Stroke Scale
(NIHSS) score was assessed. All data from the patients were included in a Classification and Regression Tree analysis to
predict upper limb function 3 months post-stroke according to the Action Research Arm Test score at week 12.

Results: The Classification And Regression Tree (CART) analysis was performed that combines three different scores
in order to predict upper-limb recovery: the SAFE score, MaSoNT’s application response, and the NIHSS. The overall
correct prediction of the new algorithm is 69% which is lower than previous algorithms, though not significantly.

Conclusion: This study offers basic data to support the validity of the APRAHL algorithm. The new algorithm is faster
and easier, but less accurate. Future studies are needed to create new algorithms that do not involve neurological
biomarkers so that they will cost less and be easily applicable by health professionals.
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Introduction
Stroke is the second commonest death cause worldwide

that severely affects their activities of daily living [2] and
renders difficulties to live independently [3].

and the third commonest reason for long-term disability
in adults in developed countries [1]. A main issue that
stroke patients present is upper-limb motor impairment
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There are significant variables among individuals that
affect a prediction on the time course of rehabilitation
post-stroke [4], such as genetics, like the brain-derived
neurotrophic factor gene and its key role to induce syn-
aptic plasticity in the cortex [5], as well as the extent of
motor impairment where severe motor impairment
strongly lowers the chances of acquiring higher levels of
recovery [6]. Low degree of sensorimotor deficits as well
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as the absence of spasticity early after stroke indicates
that the patient will probably not be seriously affected by
spasticity [7—9] which has a positive effect on post-stroke
recovery [10]. Furthermore, early recovery of synergism
[11] along with finger and wrist extension [12] is a good
predictor of upper-limb recovery. Generally, an estima-
tion of motor recovery is important as it affects the type
and duration of rehabilitation, enables the correct alloca-
tion of rehabilitation resources [13], offers realistic goal-
setting, allows optimal designing of future clinical trials
in stroke recovery, and provides correct information to
patients and relatives [14] which, in turn, assists in expec-
tation management [13].

The need to achieve a distinction among stroke
patients with non-favorable and favorable recovery
prognosis led to the creation of a few computational
prediction models (CPMs) [4, 15]. CPMs aim to provide
an estimation of a probable outcome which is objective
and supplements professional expertise, guidelines, and
clinical intuition [16]. However, the vast majority of the
CPMs are rarely met in everyday clinical practice as they
lack usability and generalizability [16]. To be more spe-
cific, some prognostic indicators that have been tested
with regard to upper-limb recovery after stroke are as
follows: voluntary shoulder abduction and finger exten-
sion (SAFE) score [17], neuroimaging through mag-
netic resonance imaging (MRI) in two studies with low
number of participants [18, 19], and neurophysiological
assessments through transcranial magnetic stimulation
(TMS) [20]. All of the aforementioned had limitations
which rendered their predictive value to be low per se
and highlighted the necessity for a new prognostic tool
in the area of interest [4].

This led to the development of the predicting recovery
potential (PREP) algorithm for the hemiparetic upper-
limb [13] which is a sequence of measurements con-
ducted in different periods of time post-stroke, starting
off with the SAFE score (less than 72 h post-stroke) and
then moving on to TMS if the SAFE score was less than 8
and from then to MRI if motor evoked potentials (MEPs)
were not present. PREP algorithm managed to alter ther-
apy content and improved therapist confidence and it was
combined with a decrease in length of stay for 1 week,
along with no negative effects on patient’s outcomes
[21]. PREP algorithm drove to innovation out of neces-
sity because, given that no clinical measure or neurologi-
cal biomarker could accurately predict motor recovery
alone, the researchers had to combine [22]. However, the
demand for use of the aforementioned biomarkers made
it difficult for the algorithm to be used in clinical settings
as it was time-consuming and facility-specific, there were
economic burdens to its use, and it was tiresome for the
patients [22].
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As a result, there was a need to modify PREP and
this happened a couple of years later with PREP2 algo-
rithm [23] where the clinicians replaced the MRI with
the National Institutes of Health Stroke Scale (NIHSS)
and, also, considered the age parameter of the patient.
The new algorithm was more accurate as it correctly
predicted 3 out of 4 stroke patients in contrast to 2 out
of 3 actual correct predictions from the PREP algo-
rithm [23]. Moreover, PREP2 was more accessible and
efficient, given that the MRI was not necessary and that
the TMS was used for only one third of the patients.
However, there was still a need for the neurological bio-
marker of TMS.

With regard to the use of TMS for assessment pur-
poses, it is both very expensive and time-consuming
[24]. Moreover, TMS is considered a comparatively
safe neurological biomarker with caution being advised
when applied in patients with epilepsy or heart diseases
(which is a common trigger of ischemic stroke [25]) and
contraindicated in those with skull implants [26]. As to
epilepsy, it is reported that the number of patients to
present seizure after TMS is fewer than 10 in a period
of 20 years [27] and another 4 subjects in 10 years where
TMS was applied according to safety guidelines [28].
Furthermore, evidence shows that TMS potentially aug-
ments the risk of seizures in patients with chronic stroke
[29]. Lastly, there is a consensus on other potential side
effects of TMS which include syncope, burns from scalp
electrodes, paresthesia, transient neuropsychological/
cognitive changes, histotoxicity, and structural brain
changes [28].

Apart from the TMS application, the PREP2 algorithm
presents some other disadvantages. First of all, in the
study of the PREP2 algorithm, patients with cognitive or
communication impairments were excluded [23]. How-
ever, the taxonomy between limited and poor outcome
was granted by the National Institutes of Health Stroke
Scale (NIHSS). Hence, if the patients had cognitive or
communication impairments, the NIHSS would have
been useless, given that the NIHSS has a high considera-
tion for cognition [30]. This, also, implies that many more
than a third of the patients would have gone through
TMS, which does not essentially fix the problem gener-
ated from the original PREP algorithm, and that patients
would have showed poor outcome more frequently.

Furthermore, both PREP and PREP2 algorithms divide
the recovery prognosis into four categories: complete,
notable, limited, and none [13, 23]. First of all, it must
be noted that the formed neural circuits after stroke are
always weaker than before stroke [31]. Generally, there
is no evidence to support that a stroke patient can reach
complete recovery after stroke. Explaining the complete
category, authors mentioned it as normal or near-normal
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[13] and complete or near-complete [23]. This taxonomy,
however, underlies some ambiguity because it raises a
question about how far away to normal is notable and
ends being near-normal or how close to near-normal
becomes considered as normal, seizing to be notable.
This renders the classification unsuccinct.

These limitations created the necessity for a new prog-
nosis tool that does not make use of any biomarker, has
succinct classification, and could be used for patients
with cognitive or communication impairments. Hence,
the Alternative Prognosis of Recovery Assessment for the
Hemiparetic Limb (APRAHL) was envisioned. The ini-
tial goal of the tool was to preclude the time-consuming
expensive biomarkers and offer a fast approach to assess
upper-limb prognosis. The APRAHL tool was originally
mentioned in a premature stage [32], though no research
was conducted on a holistic systematic approach in a
form of an algorithm.

As originally mentioned, APRAHL would eliminate
biomarkers in general, by using the basic facilitatory
technique of Mobilization and Stimulation of Neuromus-
cular Tissue (MaSoNT) that is applied on the extensors’
muscle group of the upper limb [32]. The rationale was
not to substitute TMS with MaSoNT, but to create a new
algorithm with no need of biomarkers.

To be more descriptive on the application procedure,
for MaSoNT’s basic application on the upper limb, the
therapist initially brings the thumb over the extensor’s
muscle belly and grips the lower surface of the forearm
with the other hand, keeping the patient’s hand in a
relaxed position and giving it clearance to move (Fig. 1).
Afterwards, the therapist turns the thumb across the
attached muscle belly, offering a bit of compression along
the way (Fig. 2) [32]. When applying the basic technique
of MaSoNT for the extensor’s muscle group of the hand,
the response should be a muscular jerk [32]. This aspect
of MASONT has never been further explored.

The aim of this study was to create a new biomarker-
free prognosis tool in terms of the function of the upper
limb and check its algorithm with regard to accuracy by
comparing the patient stratification predicted by a newly

Fig. 1 Pre-stimulation hands placement
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Fig. 2 Applying the transverse stretch on the upper limb with the
thumb across the muscle belly

formed APRAHLSs algorithm with the stratification pro-
duced by an unbiased cluster analysis of upper limb
function.

Methodology

Procedures

SAFE score was assessed by grading shoulder abduc-
tion and finger extension of the hemiplegic upper limb
using the Medical Rating Council (MRC) grades at day
3 after stroke symptom onset. MRC scores for both the
aforementioned movements were summed in order to
obtain a score range out of 10. The Fugl-Meyer assess-
ment for the upper extremity (FMA-UE) [33] scores were
obtained at day 3 and month 3. The Action Research
Arm Test (ARAT) [34] assessments provided the pri-
mary outcome and its score was obtained at day 3 and
month 3 after stroke. All assessments were conducted by
an experienced clinical assessor who was a physiothera-
pist, blinded towards the algorithm of the prognosis tool
and uninvolved in patient care. All patients received
standard upper-limb rehabilitation care. Therapy dose
was standardized and recorded for every session by both
the physical and occupational therapist, meaning that
each profession offered the same standard upper-limb
treatment in the same time duration and no patient was
favored in terms of treatment.

Analysis

A hypothesis-free cluster analysis of ARAT scores at
3 months post-stroke was performed, to re-assess the
limits between the four outcome categories of Very
Good, Good, Limited, and Poor upper limb outcome,
which replaced the previous category labels [13, 23].
Classification of each subject was conducted into one of
the four aforementioned outcomes based on their ARAT
score at 3 months. A Classification and Regression Tree
(CART) analysis was performed by using the IBM SPSS
(version 24) to decide which factors best predict the out-
come category. A decision tree is generated by the CART
analysis and the variables to include, or their order, in the
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tree, is not determined by the user. This method offers
some rigor to the study given that there were no a priori
assumptions made about the likely sequence or type of
predictors that were included in the resulting decision
tree.

The clinical variables and demographic for the CART
analysis were the SAFE score [17], hemisphere affected
(left, right), upper limb impairment (FMA-UE score),
hand affected (dominant, nondominant), intravenous
thrombolysis (yes, no), sex, basic MaSoNT’s applica-
tions for the hemiplegic upper-limb (response, poor or
no response), stroke classification (lacunar infarct, par-
tial anterior circulation infarct, total anterior circulation
infarct, posterior circulation infarct, intracerebral hem-
orrhage), stroke severity (NIHSS score), and upper limb
therapy dose (minutes).

Maximum tree depth of the CART analysis was pre-
determined to be 3, following the rationale of the PREP2
algorithm. The CART analysis, also, had a minimum
terminal node size of 10 cases, as well as, an automated
pruning in order to prevent over-fitting which had a max-
imum difference in risk of 1 standard error. Homogeneity
within the terminal nodes was enhanced by using “Gini”
CART analyses’ results were recomposed and integrated
in order to generate the APRAHL algorithm.

Results

Subjects

The subjects of this study were patients with ischemic
stroke that were prospectively enrolled at day 1 after the
CVA from a single rehabilitation clinic. Inclusion criteria
for the patients were to be aged over 18 years old, their
stroke to be their first-ever and to have upper-limb hemi-
plegia or hemiparesis within 72 h after stroke. Patients
were excluded if they were diagnosed with hemianopia as
MaSoNT’s application offers an advantage to those with-
out hemianopia. Furthermore, patients were excluded if
they resided outside the clinic which precluded a follow-
up and if they were aged above 80 years old as that is the
main age point where age significantly interferes with
upper-limb recovery prediction in stroke patients [23].
Other exclusion criteria were recurrent stroke, preg-
nancy, history of seizures for safety reasons, and pre-
existing conditions that preclude compliance or informed
consent.

Localization and type of stroke were determined
using CT or MRI scans earlier before commencing the
study. The study was conducted in Evexia Rehabilitation
Clinic, Thessaloniki, Greece. Regional ethics commit-
tee approved the study. All participants signed written
informed consent according to the Declaration of Hel-
sinki. Patients’ baseline characteristics are provided in
Table 1.
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Cluster analysis

The cluster analysis recognized four outcome groups
that did not overlap with each other (Table 2). The clus-
ter limits relate to those found in previous studies [13,
23].

CART analysis

A decision tree was determined by the CART analy-
sis with the SAFE score being the first decision point
and then the MaSoNT’s application response and the
NIHSS (Table 2). Overall prediction accuracy was 69%.
For patients with SAFE score of 8 and more, the over-
all prediction accuracy was 76%, while for those with
less than 8, the overall prediction accuracy was 66%
(Table 3). Given that the prediction accuracy among
FMA-UE and SAFE score was the same, and the SAFE
score is quicker and more easily implemented in clini-
cal practice, a decision was made via vote by the
researchers to keep the SAFE score in the algorithm.
Alternate CART analyses were performed for patients
who scored above or equal 8 and for those who scored
under 8 (Fig. 3).

CART analysis found that if MaSoNT’s application
produced a vivid response, the patient might have a
good recovery, though with medium positive predictive
value (PPV) (63%) as well as negative predictive value
(56%). However, if there was no response to MaSoNT’s
application, the patient will have limited or poor recov-
ery. The CART analysis selected the NIHSS for those
patients who scored under 8 in the SAFE score and
did not produce a vivid response upon the application
of MaSoNT’s basic technique. For these patients, the
CART analysis found that patients with NIHSS under
8 might have some limited recovery, whereas patients
with NIHSS of 8 and above will almost definitely have
poor recovery (PPV =98%, NPV =99%).

The potential predictors that the CART analysis did
not select were previous stroke, sex, hand dominance,
hand affected, intravenous thrombolysis, hemisphere
affected, and stroke Bamford classification. A CON-
SORT [35] flowchart of the study was narrowly created
(Fig. 4). Used for prediction model development spe-
cifically, the Tripod Checklist is also provided in Addi-
tional file 1.

The decision tree produced by the CART analyses was
recomposed and the APRAHL algorithm was generated,
an algorithm without any neurological biomarkers, which
is time-saving and easy-to-use by the clinicians in order
to make predictions upon the recovery of each patient
(Fig. 5). The description as well as the rehabilitation focus
resembles the ones from previous algorithms [13, 23]
(Table. 4).
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Table 1 Baseline characteristics (N=127)
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Age (range) 71 (52 - 80)
Males (%) - Females (%) 84(66) - 43 (34)
Stroke's Hemisphere, L/R 32/95
Type of stroke (Bamford)
TACI 23
PACI 44
POCI 3
LACI 57
NIHSS (range) 8 (5-15)
rt-P A, yes/no 54/73
Intravenous thrombolysis, yes/no 13/114
Sensory loss, yes/no 76/51
Dominant hand, L/R 36/91
Baseline SAFE score
Excellent outcome median (range) 7 (0-9)
Good outcome median (range) 5 (0-9)
Limited outcome median (range) 2 (0-9
Poor outcome median (range) 1 (0-9)
Baseline FMA-UE score
Excellent outcome median (range) 51 (15-65)
Good outcome median (range) 39 (5-61)
Limited outcome median (range) 11 (3-24)
Poor outcome median (range) 10 (1-12)
Baseline ARAT score median (range) 28 (0-57)
3-month FMA-UE score
Excellent outcome median (range) 62 (50-66)
Good outcome median (range) 50 (39-65)
Limited outcome median (range) 22 (23-52)
Poor outcome median (range) 16 (8-32)
3-month ARAT score
Excellent outcome median (n) 57 (56)
Good outcome median (n) 46 (32)
Limited outcome median (n) 24 (27)
Poor outcome median (n) 6 (12)

ARAT, Action Research Arm Test; L, left; LACI, lacunar anterior cerebral infarction; NIHSS, National Institutes of Health Stroke Scale; PACI, partial anterior cerebral
infarction; POCI, posterior cerebral infarction; R, right; rt-PA, recombinant tissue plasminogen activator; SAFE, Shoulder abduction and finger extension; TACI, total

anterior cerebral infarction; FMA-UE, Fugl-Meyer assessment for the upper extremity

Table 2 Outcome categories at 3 months after stroke based on ARAT scores

Outcome Mean | Median |Maximum| Minimum| n
Very Good 54 57 57 49 56
Good 45 46 47 31 32
Limited 20 24 29 18 27
Poor 7 6 0 12 12
Discussion biomarker offers an important advantage. Noteworthy,

The APRAHL prognosis algorithm appears to be accu-
rate, easily accessible, and efficient. Even though its over-
all prognosis accuracy is slightly lower than the PREP2
algorithm [23], the complete lack of a neurological

the overall prognosis accuracy is lower than the PREP2
algorithm but this difference is only statistically impor-
tant and it does not reflect negatively on clinical practice.
To binarize the response of MaSoNT’s basic application



Athanasiadis et al. Bulletin of Faculty of Physical Therapy (2022) 27:47

Page 6 of 10

Woda 0
Category Yo n
Very Good 11.9 7
Goed 32 13
Limited 303
Poor 18.6
Tozal 100 30

MaSoNT’S application
Improvement = 0400

- AInSoLT response

+ MaSo]TT response ]

MNode 1 HNode 2
Category e n Category o B
Very Good =4 - Very Good Leo
Good 605 23 Gaod ee o
Limsted 158 6 Limiited 571 12
Poor 53 2 Paar 20 ©
Tol 544 38 Tetal 338 A
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Mode 3
Category e n
Wery Good 0.0 7]
Good 0.0 0
Limited 223 12
Poor 7.7 1
Toml 22.0 13

Fig. 3 CART analysis for patients who had SAFE score under 8 at day 3 after stroke. + MaSoNT response stands for the vivid contraction in a full
range of motion that is elicited by applying the basic upper-limb technique. — MaSoNT response stands for poor or no response elicited. The CART
analysis selected the NIHSS in order to differentiate between the — MaSoNT response patients who will present limited against those with poor
recovery outcome

Table 3 The accuracy and negative and positive predictive values of the APRAHL algorithm

Accuracy | Accuracy

Overall accuracy | PPV (95% CI) NPV (95% CI)| for SAFE | for SAFE
score > 8 <8
69% 76% 66%

Very Good (n=56) 1% (69-75%) | 74% (67-78%)

Good (n=32) 63% (53-69%) | 56% (46-62%)
Limited (n=27) 76% (51-81%) | 79% (56-83%)
Poor (n=12) 98% (91-99%) [99% (93-100%)

in order to replace the biomarker is a new predictor iden-
tified by the CART analyses.

Another important point, judging by the PPV and
NPV (Table 3), is that in case the basic MaSoNT’s appli-
cation showed no response at day 3, combined with an
NIHSS score equal or over 8, the patient’s recovery is
almost certainly poor. This was fathomed when the idea

to implement MaSoNT in prognosis was arbitrarily con-
ceived in the beginning [32]. That is, if the application
does not elicit a response on the upper limb at day 3, this
must be due to spasticity development or contracture.
Spasticity may appear as early as 2 weeks after stroke in a
patient’s life [7] and its prevalence increases at 3 [36] and
6 [37] weeks after stroke. However, if there is low degree
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\

N=151 eligible patients

approached
J
[ N=132 consented
N=5 excluded due to: n=2 history
of seizures,
N=2 hemianopia,
y N=1 gastrointestinal bleed
N=127 were finally analyzed

throughout week 12

Fig. 4 CONSORT flowchart

| SAFE score =8 Very good recovery

k4
MaSoNT s basic Response = vim'*id '
application muscular contractloq in Good recovery
a large range of motion
k4

WMo response or Narrow
response or takes more — —
than three applications to [ NIHSS <38 Limited recovery
elicit

NIHSS = 8 Poor recovery

Fig. 5 The APRAHL algorithm for the hemiplegic upper-limb prognosis. SAFE, sum of the shoulder abduction and finger extension Medical Rating
Council muscle grades at day 3 after stroke; MaSoNT, Mobilization and Stimulation of Neuromuscular Tissue; NIHSS, National Institutes of Health
Stroke Scale. The test starts at day 3 after stroke. The patient is categorized according to the SAFE score to very good recovery if the score is above
or equal to 8. If the SAFE score is lower than 8, the basic technique of MaSoNT is applied on the extensors' muscle group of the upper limb at day
3.The therapist, then, assesses the elicited brisk muscular contraction which is triggered as a response to that stimulation. If the response is a vivid
muscular contraction in a large range of motion, the prognosis is good. If there is no response or if the response is narrow or subtle or takes more
than three applications to elicit, the prognosis is limited if the NIHSS is under 8 and poor if the NIHSS is over 8
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Predicted outcome Description

Proposed rehabilitation focus

Very Good
and arm function within 3 months

Good
clumsiness, slowness, or weakness
Limited
significant modification

Poor
within 3 months

Potentially able to gain close-to-complete recovery of hand

Potentially able to use the affected hand and arm for many
daily living activities within 3 months, though with some

Potentially to regain movement in the affected hand and
arm within 3 months, but daily activities are likely to require

Unlikely to regain useful movement of the hand and arm

Promote normal use of the affected hand and arm with task-
specific practice, while minimizing adaptation and compensa-
tion

Promote normal function of the affected hand and arm by
improving strength, coordination, and fine motor control with
repetitive and task-specific practice. Minimize compensation
with the other hand and arm and the trunk

Promote movement and reduce impairment by improving
strength and active range of motion. Promote adaptation in
daily activities, incorporating the affected upper limb wherever
safely possible

Prevent secondary complications such as pain, spasticity, and
shoulder instability. Reduce disability by learning to complete
daily activities with the stronger hand and arm

of motor and sensory deficit as well as absence of spastic-
ity at the early stage, the patient probably will not be seri-
ously affected by spasticity [7, 37, 38]. Hypothetically, the
binarized MaSoNT’s basic application response could be
a prognosis tool for spasticity at any time after stroke, but
this remains to be researched in future studies.

Apart from the aforementioned, it is very important to
highlight the value of the SAFE score. A simple bedside
strength test of shoulder abduction and finger extension
discriminated 80% accuracy between patients with Very
Good and Good recovery at 3 months post-stroke. Its sig-
nificance lies on the capability of the SAFE score in cor-
relation with its simplicity and time-saving proprieties.

Several other studies have used clinical assessments
alone in order to predict outcomes for the hemiplegic
upper limb [14, 15, 39]. Another study performed the
Fugl-Meyer scale and Motricity Index on day 2 after
stroke predicting 6 months post-stroke [17]. Additionally,
there was a study that used two items from the ARAT on
day 3 in order to predict the Fugl-Meyer scale score in
12 months after stroke [40]. However, their predictions
were dichotomized, vague, unexplored in clinical prac-
tice, and not offering enough details with regard to spe-
cific treatment planning. Additionally, both 6 months and
a year after stroke is too long a time period to be able to
predict every possible factor that could affect or restrict
rehabilitation perspectives such as pain or spasticity. In
contrary, APRAHL prognosis algorithm predicts with
69% accuracy for every stroke patient in 3 months after
stroke, without any need for neurological biomarkers.

APRAHL was designed based on previous studies [23]
which showed that their implementation could be use-
ful in clinical practice. Previous algorithms [13] were
validated and proved to be able to augment rehabilitation
efficiency. Similarly to the previous algorithms [13, 23],
APRAHL could be used for the stratification and selection

of randomized clinical trials for early treatment approaches
on the hemiplegic upper limb, assuring homogeneity
within the groups, avoiding possible mismatch between the
treatment groups and/or the control group and improving
a trial’s sensitivity upon possible treatment effects.

Implementing APRAHL is free of cost and is not time-
consuming, and it can be used at any clinical environ-
ment without difficulties as it is simple and easy to be
used by health care professionals. It classifies the patient’s
prognosis level at four different categories, which is simi-
lar to PREP [13] and PREP2 algorithm [23]. Additionally,
it could be used on patients with more severe cognitive or
mental impairments, highlighting that, in case the patient
cannot perform the SAFE score, the patient moves to the
below 8 SAFE score category of the algorithm.

Following the suggestion of PREP [13] and PREP2
algorithm [23], APRAHL helps practically as it directs
patients’ and therapists’ expectations, aids correct goal
setting, adequately organizes a treatment plan, and also,
better guides the team allocation in clinical trials with
stroke survivors in the future in order to accomplish
homogeneity.

A limitation of the study is that there was no considera-
tion with regard to the patients of 80 years old and above
as well as younger than 52. The entire algorithm could
be different in that case. Future studies could further
investigate on that matter. Another important factor that
neither APRAHL nor PREP2 considered is the factor of
pain. Pain is highly prevalent for stroke patients at least
6 months after stroke [41]. Pain could affect recovery
and alter treatment goals. The same applies to spasticity
as well [7, 36-38]. Additionally, further subjects in many
different clinical settings could offer a more generalizable
conclusion and validate APRAHL. Lastly, a disadvantage
of APRAHL is that the description of the response from
MaSoNT’s application may be somewhat confusing for
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the unexperienced therapist. Even though MaSoNT’s
basic application for the upper limb is simple, the thera-
pist must conduct some research to comprehend the cor-
rect application procedure. Apart from that, APRAHL
seems to be a very easy-to-use prognosis tool.

Future studies could focus on APRAHL, considering
other factors as well, such as pain, spasticity, visual abil-
ity, and sensation. The hemiparetic foot could, also, lack
proper sensation and a new possible algorithm could
implement several other factors apart from sensation in
order to offer specific predictions and—consequently—
specific treatment goals and planning.

Conclusion

The newly designed algorithm of APRAHL seems to offer
accurate prediction of recovery after stroke in a fast and
easy approach. This major advantage is granted by the
fact that APRAHL does not implement any neurological
biomarkers. Limitations arose in the study and new stud-
ies on larger population in multi-site clinical settings are
mandatory to validate the APRAHL algorithm. Future
studies could rearrange the algorithm in order to con-
sider other factors that could affect the prediction and
were omitted in this study.
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