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ABSTRACT
Objective To explore how physiotherapists (PTs) and 
occupational therapists (OTs) perceive upper limb (UL) 
prediction algorithms in a stroke rehabilitation setting 
and identify potential barriers to and facilitators of their 
implementation.
Design This was a qualitative study.
Setting The study took place at a neurorehabilitation 
centre.
Participants Three to six PTs and OTs.
Methods We conducted four focus group interviews in 
order to explore therapists’ perceptions of UL prediction 
algorithms, in particular the Predict Recovery Potential 
algorithm (PREP2). The Consolidated Framework for 
advancing Implementation Research was used to develop 
the interview guide. Data were analysed using a thematic 
content analysis. Meaning units were identified and 
subthemes formed. Information gained from all interviews 
was synthesised, and four main themes emerged.
Results The four main themes were current practice, 
perceived benefits, barriers and preconditions for 
implementation. The participants knew of UL prediction 
algorithms. However, only a few had a profound 
knowledge and few were using the Shoulder Abduction 
Finger Extension test, a core component of the PREP2 
algorithm, in their current practice. PREP2 was considered 
a potentially helpful tool when planning treatment and 
setting goals. A main barrier was concern about the 
accuracy of the algorithm. Furthermore, participants 
dreaded potential dilemmas arising from having to 
confront the patients with their prognosis. Preconditions 
for implementation included tailoring the implementation 
to a specific unit, sufficient time for acquiring new skills 
and an organisation supporting implementation.
Conclusion In the present study, experienced neurological 
therapists were sceptical towards prediction algorithms 
due to the lack of precision of the algorithms and concerns 
about ethical dilemmas. However, the PREP2 algorithm 
was regarded as potentially useful.

BACKGROUND
Stroke is a leading cause of long- term 
disability in the western world.1 2 Upper limb 

(UL) impairments are common, resulting 
in functional limitations affecting daily life 
activities.3 4 Accurate prediction of recovery 
of UL function after stroke is desirable since 
it can lead to targeted rehabilitation in times 
of limited resources in healthcare.5–7 Some 
researchers claim that accurate prediction 
can provide patients and therapists with real-
istic expectations for UL function and help to 
set goals for rehabilitation.5

From a clinical point of view, a prediction 
algorithm may be needed most in patients with 
severe UL impairment. These patients repre-
sent a particular challenge for therapists, as it 
is difficult, based on clinical measures alone, 
to distinguish patients who regain UL func-
tion from those who remain paralysed.6 8 9 In 
patients with severe UL impairment, the use 
of a biomarker may improve prediction accu-
racy for motor recovery.7 10 11 A biomarker 
widely used to assess corticospinal excitability 
is motor- evoked potentials (MEPs), assessed 
with transcranial magnetic stimulation 
(TMS).7 10 11

An UL prediction algorithm that combines 
clinical assessment with the use of a 

Strengths and limitations of this study

 ► To ensure successful implementation, healthcare 
providers have to regard an upper limb prediction 
model as useful. A strength of this study is the focus 
on the therapists’ perceptions.

 ► A strength of this study is the use of focus group 
interviews as these are an appropriate method to 
stimulate discussion between participants and illu-
minate their diverse perceptions.

 ► Generalisability of results may be compromised, as 
perceived barriers and facilitators for implementa-
tion will differ between sites.
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biomarker is the Predict Recovery Potential algorithm 
(PREP2), displayed in figure 1. PREP2 involves several 
steps, depending on the severity of paresis. The first step 
encompasses a clinical assessment of UL function, using 
the Shoulder Abduction and Finger Extension (SAFE) 
test. In addition, for patients with low levels of UL func-
tion, the motor pathways between the stroke- affected side 
of the brain and the affected UL are examined using TMS. 
Information on age and severity of stroke further contrib-
utes to predicting UL recovery7 The PREP2 algorithm has 
an overall accuracy of 75% and its prediction accuracy 
for patients with severe UL impairment exceeds the accu-
racy of other prediction algorithms.5–7 Hence, research 
indicates that PREP2 is a promising tool for clinical appli-
cation; and in the setting where PREP2 was developed, 
it was found to increase therapist confidence and reha-
bilitation efficacy.12 To facilitate the implementation of 
PREP2 in other settings, the researchers behind the algo-
rithm are hosting homepages that explain the rationale 
behind the algorithm and provide relevant instructions 
to therapists and patients.13 14 In addition, a recent paper 
by Connell et al discusses barriers to implementation and 
how the implementation of PREP2 can be facilitated.15 
However, before we commenced the present study, we 
were not able to identify reports on clinical implementa-
tion of PREP2 outside the setting where it was developed.

One of the barriers to implementation described by 
Connell et al was the use of TMS, which requires special 
equipment and trained staff.15 Another barrier to the use 
of PREP2 in a rehabilitation setting may be the first step 
of PREP2, the early administration of the SAFE test. To 
perform a SAFE test within the first 72 hours may not 
be possible at a rehabilitation setting where patients are 
admitted at a later point in time. The present project took 
place at Hammel Neurorehabilitation Centre and Univer-
sity Research Clinic (RHN), Denmark. From June 2018 to 

October 2019patients were admitted to RHN a median 
of 10 days (IQR 6–27) after stroke. Thus, the majority 
of patients were admitted too late to obtain a SAFE test 
and a PREP2 prediction while in rehabilitation. However, 
prediction may still be relevant to decide on rehabili-
tation focus and goals. Connell et al suggest that future 
research may determine if the time windows for SAFE 
and TMS can be expanded.15 It would ease implemen-
tation if the PREP2 could be applied 2 weeks post- stroke 
with satisfactory accuracy. Other factors of importance 
for implementation may exist. To ensure successful 
implementation in a clinical setting, a crucial first step 
is identifying and describing potential barriers and facil-
itating factors.16–18 Healthcare providers have to regard a 
UL prediction model as meaningful and useful for them-
selves and their patients.18 19 Physiotherapists (PTs) and 
occupational therapists (OTs) responsible for UL treat-
ment are the clinicians most likely to obtain and use the 
PREP2 predictions.

The aim of this study was, therefore, to explore how ther-
apists perceive UL prediction with the help of the PREP2 
algorithm in a stroke rehabilitation setting and to identify 
potential barriers to and facilitators of implementation.

METHODS
Study design
This was a qualitative study. We used an implementation 
framework to develop the interview guide, performed 
focus group interviews and applied a thematic content 
analysis. Focus groups are appropriate to illuminate 
both shared experiences and different perspectives of 
the group.20 21 Group interaction was expected to stimu-
late discussion of thoughts, beliefs and attitudes towards 
UL prediction.20 21 The interviews were explorative and 
focused on feasibility, acceptability and perceived useful-
ness of UL prediction algorithms.17

The Consolidated Framework for advancing Imple-
mentation Research (CFIR) was applied as a guiding 
framework to develop a semistructured interview guide 
and structure data collection.15–17 The CFIR is composed 
of five major domains: intervention characteristics, outer 
setting, inner setting, characteristics of the individuals 
involved and the process by which implementation is 
accomplished.16–18 The domains from the CFIR most 
thoroughly explored in this study are intervention char-
acteristics, inner setting and characteristics of the individ-
uals involved. The participants’ views and attitudes within 
these three domains are expected to be important to a 
future implementation. On the contrary, the structure 
and organisation of the fourth domain, outer setting, will 
not be influenced by the views and attitudes of the partic-
ipants; and the final domain, implementation process, is 
still in a preliminary phase.

The focus group interviews were centred around UL 
prediction algorithms, in particular the PREP2 algo-
rithm. PREP2 is a three- step process (see figure 1). The 
first step is a calculation of the SAFE score by scoring 

Figure 1 Predict Recovery Potential (PREP2) algorithm. 
Excellent: potential to make a complete, or near complete, 
recovery of hand and arm function within 3 months. Good: 
potential to be using their affected hand and arm for most 
activities of daily living within 3 months. Limited: potential 
to regain some movement in their hand and arm within 3 
months. Poor: unlikely to regain useful movement in their 
hand and arm within 3 months. MEP+: motor- evoked 
potentials present; NIHSS, National Institute of Health Stroke 
Scale; SAFE, Shoulder Abduction and Finger Extension. 
Figure copied from the PRESTO homepage.13
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shoulder abduction and finger extension strength sepa-
rately between a minimum of 0 and a maximum of 5. 
SAFE is based on the medical research council grades for 
limb power and two subscores are added to form a SAFE 
score of a maximum of 10. The second step of PREP2 
depends on the SAFE score. For patients with an initial 
high degree of UL function reflected in a SAFE score 
of 5 or above, information on age is used. For patients 
with a SAFE score below 5, the function of motor path-
ways between the stroke- affected side of the brain and the 
affected arm is examined using TMS to elicit MEPs. For 
patients in whom MEPs cannot be elicited a measure of 
stroke severity, the patient’s National Institute of Health 
Stroke Scale (NIHSS) is used. If this scale is not available, 
the equivalent Scandinavian Stroke Scale (SSS) score 
may be used.21 PREP2 predicts UL function at 3 months 
in one of four categories, from ‘poor’ to ‘excellent’. 
Patients who are predicted to fall in the category ‘poor’ 
are unlikely to regain useful movement in their hand 
and arm within 3 months, while patients in the category 
‘excellent’ have the potential to make a complete, or near 
complete, recovery of hand and arm.

Study setting
The interviews were performed at RHN, Denmark. The 
RHN is distributed across three physically distinct reha-
bilitation units. Patients are admitted to one of the three 
units. Unit 1 has approximately 70 beds, and units 2 and 
3 have 30 and 15 beds, respectively. While adult patients 
with stroke attend all three units, some of the beds at 
unit 1 are allocated to patients with severe (traumatic) 
acquired brain injury. A research department is placed in 
connection to unit 1. Clinical staff at all three locations 
work in teams, and in total 67 PTs and 67 OTs, involved 
in the treatment of patients, are employed. Some of the 
therapists have key positions, for example, specialist PTs 
or specialist OTs, and are responsible for professional 
development.

In recent years, therapists at the RHN have developed 
an interest in using UL prediction algorithms in clinical 
practice at a patient level. The evidence, local relevance 
and potential implementation have been examined and 
discussed by a group consisting of two OTs and four PTs 
assigned to positions within research or professional devel-
opment. Based on these discussions, the most relevant 
algorithm for clinical use on an individual level appeared 
to be the PREP2 algorithm. The main reason was that the 
predictive value of PREP2 for patients with severe paresis 
exceeded the accuracy of other prediction algorithms.5 6 12

Several organisational obstacles prevented an implemen-
tation of PREP2 at a local level in the rehabilitation unit. 
The first part of PREP2, the SAFE test, should be performed 
within the first 72 hours, while patients are frequently 
admitted to RHN at a later point in time. Another barrier 
was the use of TMS, which requires special equipment and 
specially trained staff. Despite a desire to attain systematic 
prediction as a clinical routine, implementation of PREP2 
in its current form was not possible.

However, two steps to ease a future implementation 
were taken: first, a prospective longitudinal cohort study 
was commenced to examine the accuracy of PREP2 when 
the SAFE score and TMS examination were obtained at a 
later point in time than originally proposed ( clinicaltrials. 
gov number: NCT03632499). Results of this study have 
been published recently by Lundquist et al.22 Second, the 
current study was conducted to explore facilitators and 
barriers for future implementation.

Participants and procedure
Before the actual data collection, the interview guide was 
tested for comprehensibility in an interview with an OT 
and a PT who were both involved in research and imple-
mentation. After this, a pilot focus group interview was 
performed with three PTs invited by the first author, CBL, 
a PT and a PhD student. The test interview and pilot 
focus group interview resulted in minor corrections: the 
number of questions was reduced, some questions were 
merged and information about UL prediction algorithms 
was simplified. For the complete interview guide, see 
table 1. Information posters displaying relevant illustra-
tions about the topic, for example, the PREP2 algorithm, 
were produced in order to explain and facilitate discus-
sion in the subsequent interviews.

The ward managers at each of the three hospital units 
were asked to invite participants based on the following 
criteria: a mix of PTs and OTs, involved in the treatment 
of patients, at least 1 year of experience in neuroreha-
bilitation and from different wards. Experience with UL 
prediction algorithms was not a requirement. The inten-
tion was to achieve maximal variation in profession, clin-
ical experience and degree of specialisation.23

After being appointed for the interview, an information 
letter was sent to the participants, in which the purpose 
of the interviews and the background for UL prediction 
algorithms for patients with stroke were presented. The 
participants were specifically informed about the PREP2 
algorithm and were instructed to perform step 1 of the 
algorithm, the SAFE test, on at least three patients before 
participation. For this purpose, they were given a written 
scoring instruction. Performance of the SAFE test should 
ensure practical experience with the test and qualify the 
discussions during the interviews.

The interviews took place at the participants’ work site. 
The interviews started with a few broad questions about 
what the participants considered important factors for UL 
prognosis. The purpose of these broad questions was to 
make the participants relax and feel comfortable and get 
their spontaneous opinions. Afterwards, the questions were 
more specifically about prediction algorithms, the use of 
tests and attitudes towards evidence- based practice. Finally, 
the PREP2 algorithm was introduced and discussed.

The focus group interview was moderated by CBL, 
who was aware of ensuring a confident atmosphere that 
welcomed a diversity of opinions. It was emphasised that 
there were no right or wrong answers. A senior researcher, 
HP, functioned as an observer, providing feedback to the 
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moderator and observing interactions in the focus group. 
HP asked clarifying and supplementary questions during 
the interviews. Directly after the interviews, the overall 
impression of the interview and any spontaneous reflec-
tions and considerations were noted. The interviews were 
audio- recorded and transcribed verbatim by CBL.

Analysis
The interview transcripts were imported to the qualitative 
research software program NVivo V.12 to facilitate coding 
and make data analysis more manageable. The pilot focus 
group interview was considered to add interesting dimen-
sions to the topic, and data from this interview were included 
and analysed along with data from the succeeding three 
focus group interviews. A thematic content analysis of the 
interviews was performed by CBL.23 24 The qualitative data 
analysis was both a deductive and an inductive process.23 24 
Deductive as we used the CFIR framework and sought to 
answer the specified research question regarding barriers 
and facilitators for implementation (theory- based coding). 
Inductive as we let the material talk (data- based coding) 
because attitudes towards UL prediction algorithms have 
not previously been explored, and knowledge of how to 
implement algorithms into the clinic setting is scarce. First, 
the four interviews were individually open- coded in NVivo 
and meaning units were identified. Second, the interviews 
were compared for similarities and differences and based 
on the meaning units, subthemes were formed. Finally, 
information gained from all four interviews was synthesised, 
and four main themes, considered of great importance to 
the participants and relevant for implementing prediction 
algorithms, emerged (figure 2).

The coding and interpretation of results were contin-
uously discussed with coauthors. According to Malterud, 
this triangulation between authors with different posi-
tions and perspectives will increase the understanding 
of complex phenomena.25 The four interviews revealed 
a broad array of relevant considerations, many of them 
appearing repeatedly, indicating data saturation.

In the Results section below, quotations are used to 
display from what kind of original data categories are 
formulated, thereby documenting and substantiating find-
ings and increasing the trustworthiness of the study.24–26 
Where cited, the context is quoted in parentheses with 
anonymised participant initials and focus group origin, in 
accordance with table 2, for example, participant E from 

Table 1 Interview guide

Main 
categories Questions

General 
questions

In patients with paresis of arm and hand: 
Which factors do you consider relevant for 
future arm and hand function? (important 
elements)

What is relevant for your own approach to 
the treatment of the arm and hand? (write 
down three to four issues/ things)

Thoughts on 
prediction

What are your thoughts about the prediction 
of arm and hand function at an early point in 
time? What are the likely consequences?

Which patients/groups of patients would 
benefit from knowledge of prognosis (eg, 
paralytic UL)?

UL prediction models: to whom will it not 
make sense?

Does age matter for prognosis (in general 
and for UL in particular)?

Severity of UL impairment at stroke onset 
is relevant for UL prognosis. Where do you 
seek this information (eg, ward round, patient 
record, looking for particular scores as 
NIHSS or SSS)?

Do your expectations of future UL function 
influence your approach and choice of UL 
treatment?

SAFE score Before participation, you were asked to 
perform a SAFE score on at least three 
patients. How was it?

What are your thoughts on using specific UL 
tests for (all) patients with reduced strength 
in arm and hand (eg, SAFE score, Fugl- 
Meyer score)?

Are you aware of other hospitals focusing on 
UL prediction (eg, if they use SAFE)?

Knowledge of 
evidence

How do you get knowledge updates on UL 
treatment?

Do you have the time and opportunity to get 
updated on new knowledge?

Exercise: I explain the PREP2 model and 
show pictures of the elements:
What are the pros and cons of a UL 
prediction model similar to the PREP2?

What should it take for you to use a UL 
prediction model?

Do you see patients for whom a prediction 
model would make no sense?

Would the use of a UL prediction model 
change your approach to a patient?

PREP2 can predict future UL function with 
approximately 75% accuracy. What is your 
opinion on that?

Transcranial magnetic stimulation—can it be 
used in this setting?

Continued

Main 
categories Questions

Summarising What we have talked about.
Do you have anything you would like to add?

NIHSS, National Institute of Health Stroke Scale; PREP2, 
Predict Recovery Potential algorithm; SAFE, Shoulder 
Abduction and Finger Extension; SSS, Scandinavian Stroke 
Scale; UL, upper limb.

Table 1 Continued
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focus group 2 would be quoted as (participant E, F2). To 
ensure credibility, a participant from each focus group 
interview has reviewed the interview transcripts and the 
interpretation of the findings.23 The participants agreed 
to the transcripts, recognised themselves in the descrip-
tions and provided further nuance to the findings.

RESULTS
A pilot focus group interview followed by three ordi-
nary focus group interviews were performed from 
January to April 2019 and had a duration of 68–90 min. 

In the pilot focus group interview, three PTs partici-
pated. All had clinical experience in either neurore-
habilitation or acute neurology and were engaged in 
either a Master’s degree or a PhD. In the succeeding 
three interviews, all participants were employed at 
neurorehabilitation wards. The number of partici-
pants in the focus group interviews corresponded 
to the size of the rehabilitation unit: six participants 
from unit 1, four from unit 2 and three from unit 3. 
Both PTs and OTs participated; three were specialists 
in the field, one was a student advisor, all were female, 

Figure 2 Diagram showing example of theme formation. PREP2, Predict Recovery Potential algorithm; SAFE, Shoulder 
Abduction and Finger Extension; UL, upper limb.

Table 2 Characteristics of focus group participants

Group
Pilot focus group 
(F1)

Focus group 1 
(F2)

Focus group 2 
(F3)

Focus group 3 
(F4)

Number of participants 3 6 4 3

Profession 3 PTs 3 PTs; 3 OTs 2 PTs; 2 OTs 1 PT; 2 OTs

Assigned position 1 specialist 2 specialists, 1 
student advisor

    

Educational level 2 Master; 1PhD 5 Bachelor; 1 
Master

4 Bachelor 3 Bachelor

Gender 2 F; 1 M 6 F 4 F 3 F

Average years since graduation (range) 15 (12–18) 12 (5–17) 20 (13–23) 17 (9–23)

Average years of experience in neurorehabilitation 
(range)

11 (10–18) 10 (3–17) 17 (13–20) 12 (2–18)

Current unit of employment Unit 1 and acute 
neurology

Unit 1 Unit 2 Unit 3

Anonymised initial of participant when quoted A; B; C D; E; F; G; H; I J; K; L; M N; O; P

F, female; M, male; OTs, occupational therapists; PTs, physiotherapists.
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had graduated 5–23 years previously and had 3–20 
years of neurological experience (see table 2 for char-
acteristics of participants).

Findings and quotations in relation to the four main 
themes: current practice, perceived benefits, barriers 
and preconditions for successful implementation are 
presented below and in figure 3.

Current practice
Knowledge of current practice is a precondition for 
understanding the participants’ perceptions of barriers 
and perceived benefits. This first main theme concerned 
the participants’ considerations on current practice and 
encompassed three subthemes: limited use of UL assess-
ments, considerations on UL prognosis and treatment, and 
professional identity.

Limited use of UL assessments
As prediction algorithms comprise the performance of 
standardised assessments, information about the use of 
UL assessments was relevant. Participants in all four inter-
views agreed that UL tests were used, but on a limited 
scale. There was consensus that the UL test had to be clin-
ically relevant for the specific patient and not a routine 
test for everyone. According to several participants, UL 
tests were primarily meaningful and used for patients 
with moderate to good UL function:

Yes… MAS I believe I use a lot. With arms that can…
do a bit more. (participant F, F2)

In addition, the test had to be quick to perform and 
easy to administer:

One has to prioritize the time to do it. So it has to 
make sense to do it. (participant B, F1)

UL prognosis and treatment
Many factors were considered important for UL 
recovery. Some but not all aligned with factors 

highlighted in the literature. Pain was highlighted in 
all four interviews and had to be prevented and treated 
for UL function to occur:

Well, I believe pain has a big say. Because…if they 
have pain, they don’t move their arm. They just try to 
protect it… (participant F, F2)

Initial UL function and time since stroke were also 
mentioned in all interviews, but not stressed by the partic-
ipants as important predictors:

I think that having some function is important. We 
have a lot…I believe where the SAFE score is zero…
because they are paralyzed… you cannot palpate any 
muscle activity. That has a huge importance for… 
whether they regain any function at all… (participant 
G, F2)

Other factors mentioned in the interviews as impor-
tant for recovery were sensory motor deficits, time 
since stroke, location of stroke, type of stroke and 
initial medical treatment. According to all of the 
participants, cognition was vital, especially neglect and 
awareness of own disabilities:

Yes. And cognition, all things considered…yes that 
matters. The ability to understand instructions. And 
maybe even to be able to perform self- training…that 
they understand the importance of focusing on arm 
and hand training. (participant K, F3)

Many participants mentioned the importance of past 
experiences, self- efficacy, motivation and inner drive:

And the patients that have a good inner drive…they 
have a good prognosis [the group agrees]. (partici-
pant F3)

The PREP2 algorithm includes information on age 
and initial score on stroke severity. However, age was 
not considered particularly important for UL prognosis, 
and only a few participants were aware of initial scores 
performed in the acute units.

When planning UL treatment and choosing inter-
ventions, the participants took many of the same 
elements into account as when considering UL prog-
nosis. Importantly, they found that the patients’ indi-
vidual goal should guide whether or not UL treatment 
was a main priority:

The patient’s priority counts. If the most important 
thing is to get that arm and hand going. Right now, I 
have a patient where eating was the most important 
issue and what I prioritized. (participant G, F2)

Professional identity
Professional identity concerns how the participants 
perceive themselves in relation to their profession and 
membership of their profession.

In all of the interviews, the participants agreed that 
use of UL assessment and algorithms such as the PREP2 

Figure 3 The four main themes and their subthemes. SAFE, 
Shoulder Abduction and Finger Extension; UL, upper limb.
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aligned more with the PT profession than with the OT 
profession. Even though both professions use similar UL 
interventions and approaches, the PTs traditionally treat 
patients on an impairment level, while the OTs focus on 
activities and activity limitations:

I believe our examinations differ. PTs have this…what 
can I say…very body- level examination, while we in-
volve them during activities and in the bathroom or 
kitchen [the group agrees]. (participant K, F2)

Well, if I have a patient I look for … because I am an 
OT… for activity limitations in relation to the use of 
arms and hands…because I am an OT. (participant 
H, F2)

Most of the participants considered themselves expe-
rienced neurotherapists; and according to many partic-
ipants, prediction algorithms may make most sense for 
recently qualified therapists. Recently qualified therapists 
will need a simple tool, while the more experienced can 
draw on years of experience:

I believe this PREP2 is for more recently qualified 
therapists…a lot easier to access…because then you 
can draw on the cold facts: this is what we have to 
guide us. And they are more schooled in that that the 
rest of us [the group agrees]. (participant M, F3)

Perceived benefits
This theme centres around how the participants thought 
an algorithm could aid and ensure UL treatment and 
rehabilitation. Subthemes were the SAFE score is easy; 
a helpful tool; a positive algorithm can motivate and positive 
towards new technology.

The SAFE test is easy
In the pilot focus group, participants had a general 
knowledge of prediction algorithms, but across the other 
interviews, knowledge of algorithms was less profound. 
All participants had heard of UL prediction algorithms 
and in one unit, some of the participants used the SAFE 
test. SAFE is step one in PREP2. All participants had been 
asked to perform a SAFE test on at least three patients 
before the interviews. Especially the PTs found the SAFE 
test easy to administer:

The SAFE test is easy and quick and you can allow 
yourself to do it no matter what. (participant B, F1)

Some participants found the SAFE score insensitive, as 
the difference between score 2 (=limited range of motion 
without gravity) and score 3 (=full range of motion against 
gravity, but not resistance) was rather large. Despite this, 
the same participants considered the SAFE score to be 
appealing, because it was quick and could be performed 
everywhere and without equipment.

But that big gap…we actually discussed it…. Actually, 
for some patients we would like to score 2½ [the 
group agrees]. (participant M, F3)

But apart from that, it is an easy score as…it doesn’t 
need you to bring anything with you. And you can do 
it everywhere. (participant M, F3)

A helpful tool
PREP2 was considered a potentially helpful tool consid-
ering the prognostic potential of UL and for planning 
treatment. The algorithm might not be able to stand 
alone, but in combination with information from other 
sources, it could be used as a tool or an indicator to 
decide what way to go, for example, whether to inten-
sify UL training or instead start the use of compensatory 
strategies.

I believe an indicator is a good word. An indicator. 
Because it is not an answer to functions they will not 
achieve…or that it will be amazingly good. But it gives 
an indication. For this reason, we choose to go this 
way. But it does not mean that when the patient is 
discharged from RHN, we will write: The patient will 
never achieve any function. It is just a good tool. (par-
ticipant F, F2)

Yes as in a toolbox. Just like many other things. (par-
ticipant H, F2)

It is always nice to know more about prognosis. (par-
ticipant K, F3)

Across interviews, there were different views on whether 
UL prediction algorithms would be a prognostic aid for 
all patients, mainly those with no or little function or 
those with moderate function. The predominant opinion 
was that it would be particularly relevant to patients with 
little or no UL function, reflected in a SAFE score below 
5, as it was difficult for the therapists to predict UL func-
tion for these patients.

The paralyzed patients. Or those nearly paralyzed. I 
believe those patients would benefit. (participant C, 
F1)

Well… if so… it is only those with a SAFE score below 
5. (participant N, F4)

A positive algorithm can motivate
All participants envisaged that a prediction algorithm 
could be used to motivate patients and therapists, given 
that the prediction was optimistic.

Some indication… would be nice. It could be used 
to motivate when progression is slow and you think 
nothing is happening in an arm. If I could say: I 
KNOW if we do this exercise for the next four weeks 
every day, then it will come; that would motivate the 
patient. And me as a therapist. (participant P, F4)

Even though the participants preferred prediction algo-
rithms to be as accurate as possible, many believed that an 
algorithm could be an aid without being 100% accurate. 
Several participants said that an accuracy of 75% would 
give an indication of whether your treatment plan was on 
the right track and what you could expect. It could still be 
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used by the team or individual therapist along with other 
indications and tools of prognosis.

For me, it will be a tool to use in a team. I often believe 
that…with FIM and other functional measures…it 
is so interesting when…it does not fit. Then we get 
some beneficial discussions. (participant E, F2)

Positive towards new technology
In all four interviews, the attitude towards TMS and MEP 
was positive. The participants found using TMS to estab-
lish MEP status appealing since this could add informa-
tion to UL prediction that could not be obtained by a 
clinical test. They imagined this information would moti-
vate both patient and therapist:

But what I find really interesting is that you can have 
this… MEP…? If there is a connection in the cortico-
spinal tract. So you can have a SAFE below five and 
still expect a good function. (participant L, F3)

There might be some people where you think they 
should have got some more (UL training)…because 
if we had that examination, TMS… (participant G, 
F2)

Barriers
This theme encompassed the participants’ perceptions 
of the limitations of prediction algorithms and poten-
tial barriers to their implementation in clinical prac-
tice. Three subthemes emerged within this main theme: 
an algorithm must be accurate, ethical dilemmas and fear of 
consequences.

An algorithm must be accurate
All participants agreed that an algorithm should be as 
accurate as possible:

Definitely, definitely [the group agrees]. (participant 
L, F3)

It must, of course, be very precise for us to use it. 
(participant O, F4)

However, disagreement existed on whether the 75% 
accuracy of the PREP2 algorithm was precise enough. For 
some, a precision of 75% would be a barrier; and one 
participant stated that even if the algorithm was 100% 
accurate, she still might not follow it.

Ethical dilemmas
Whether or not to present and discuss the UL prediction 
with patients emerged as a dilemma for many partici-
pants. If a patient was predicted to have little or no func-
tion, this might depress the patient and would conflict 
with the participants’ desire to motivate the patient:

Yes. And what day do we tell the patient? Is it when 
they arrive and have been here in…? Well. I really 
don’t know. On top of everything else? (participant 
N, F4)

Even if some participants were sceptical, they were still 
open for discussion and dialogue when other partici-
pants responded that informing the patient could make 
it easier to focus on other aspects of the rehabilitation 
where improvement seemed more realistic:

I find it difficult to shatter someone’s dream. You 
need to dream and believe this one will gain func-
tion. For some time. Of course, not for several years. 
(participant G, F2)

Well…Well it is a balance isn’t it. We have patients 
who come and tell us they are sorry that they weren’t 
told…so the most important thing is to dare tell 
them, to be honest…well why should we treat an arm 
that we are nearly 100% will never function again? 
(participant H, F2)

No…No… but… (participant G, F2)

I don’t believe we necessarily shatter someone’s 
dream…necessarily… by letting the patient know 
how much this arm can improve. Instead, we consoli-
date and focus rehabilitation. (participant H, F2)

Fear of consequences
The participants believed that UL treatment affected 
future UL function and should be offered regardless of 
their initial function. The general view across interviews 
was that all patients deserved that therapists did their best 
to restore UL function.

In focus groups 3 and 4, concern was expressed that 
the use of a prediction algorithm would dictate which 
patients should receive treatment and which should not. 
If so, patients with a negative prediction would receive 
little or no UL treatment, and the algorithm would serve 
as a self- fulfilling prophecy. As such, the participants 
feared that introduction of a prediction algorithm would 
alter their approach to the patients:

And then I might prioritize other issues instead. I 
am afraid so. And I hope I wouldn’t. Because I be-
lieve that they need all the treatment they can get…. 
Because, truly, there is a chance in reality. (partici-
pant O, F4)

If I had a diagram that could tell…your arm will never 
be good…. then I believe the patient should get the 
opportunity to prove this wrong. (participant J, F3)

In three of the interviews, it was mentioned that an 
algorithm could be used to stratify and prioritise which 
patients should receive treatment. In one interview, the 
participants regarded this as a positive consequence 
because it could be used to optimise treatment in times 
of limited resources:

Because it is such a difficult matter already - and we 
do not have that many rehabilitation beds. So that 
would be an enormous help, I believe. (participant 
A, F1)
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On the other hand, participants from unit 3 and espe-
cially unit 2 looked at algorithms in light of pressure from 
budget cutbacks; they feared that an algorithm would be 
used to accelerate and shorten rehabilitation periods, 
regardless of the patients’ rehabilitation potential. In 
addition, some participants feared that an algorithm 
would introduce a too simplified view of humans.

It depends how – if you can say so - our managers wish 
to use this tool…because we are under pressure. And 
will this be a tool to evaluate…which patients should 
be here? (participant K, F3)

And I think it is like a tendency in society. That we 
need something that can be measured and recorded, 
and hard facts [the group agrees]. (participant M, 
F3)

Preconditions for implementation
Preconditions for future successful implementation were 
grouped in two subthemes: tailored implementation and 
organisational structure and resources.

Tailored implementation
The focus group interviews were performed at three 
different units. The overall impression was that despite 
being part of the same rehabilitation hospital (RHN), 
different cultures existed at the three units. Especially at 
unit 1, the participants (see table 2) were open to new ideas 
and implementing new knowledge seemed an integrated 
part of their culture. The participants at the other two reha-
bilitation units seemed open to new ideas, too, but were at 
the same time more sceptical. In all interviews, the partic-
ipants discussed the importance of tailoring implementa-
tion to the specific unit, ward and patient. If something new 
had to be implemented, a persistent focus on the topic was 
needed:

I believe that you must realize that implementation is 
just a lot more time- consuming and difficult than you 
imagine. A single day - when you present, discuss and 
maybe do something practical - is just not enough. 
(participant D, F2)

I can say…in my ward…if something must be imple-
mented, you have to take the specific patient and the 
patient’s team to make it work. We cannot say some-
thing general about you having to….in all upper 
limbs…to do so and so. It has to be specific so they 
can relate to that. (participant I, F2)

We aren’t different from the patients. We, too, need 
a lot of repetition to implement something new and 
learn it [the group agrees]. (participant M, F3)

Organisational structure and resources
Time to get acquainted with new evidence and prac-
tise new skills was considered insufficient. All interviews 
showed that there was a sense among participants of 
being well- informed, while time to incorporate and prac-
tise new skills and routines was lacking:

No. we don’t even have the time to plan our daily 
treatments. So no, not at all. That is a real challenge 
[the group agrees]. (participant E, F2)

The level of information is actually okay…it is more 
the time afterwards…to incorporate it. (participant 
J, F3)

Yes exactly. (participant K, F3)

True …to make it a routine. (participant J, F3)

Several participants mentioned that prioritisation and 
support from the ward manager were important for 
success. In all interviews, participants mentioned that 
weekly or monthly meetings were planned ahead and 
could be dedicated to specific issues. These meetings 
were valued and considered important by the partic-
ipants when new knowledge had to be practised, modi-
fied and implemented. Flexibility from colleagues was 
acknowledged, and several participants considered this a 
prerequisite for attending a course. Generally, the partici-
pants felt that there was a culture of sharing the acquired 
knowledge with colleagues.

It depends on how your ward works, I believe. How 
generous your colleague or ward manager is in re-
lation to….well there is some economy in it too…
but how much energy will we put into this? And are 
the rest prepared to run faster while someone is at-
tending a course….? That is the culture and what you 
want. (participant D, F2)

Members of staff were assigned specific positions as a 
specialist OT or specialist PT. Specialists were considered 
a resource, capable of, and responsible for presenting 
and implementing evidence.

And when some of the specialist therapists have been 
out in the wide world and return home and tell us 
about it, or some colleagues have been at a course… 
(participant M, F3)

For me, it is about responsibility. Someone has to take 
responsibility. Because if all are responsible, nothing 
happens. I, as a specialist, can be the one responsible 
and say: Your patient, has he got an UL problem? 
(participant F, F2)

DISCUSSION
Summary of main findings
In the current qualitative study, four main themes were 
identified when exploring therapists’ perceptions of 
prediction algorithms: current practice, perceived bene-
fits, barriers and preconditions for implementation. Most 
participants knew of UL prediction algorithms. However, 
in practice, only some elements were applied and by a 
few therapists. Most participants considered themselves 
experienced neurotherapists and regarded UL predic-
tion algorithms as particularly useful for more recently 
qualified therapists. The PREP2 algorithm was consid-
ered a potentially helpful tool when planning treatment 
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and setting goals. The perceived benefits centred on the 
SAFE test, a core component of the PREP2 algorithm. 
In addition, participants appreciated the use of TMS if 
it could add information to UL prediction. The main 
barriers were concern about the accuracy of the algorithm 
and dilemmas arising from having to confront patients 
with their prognosis. Preconditions for implementation 
encompassed tailoring the implementation to a specific 
unit, having sufficient time and being part of an organisa-
tion supporting implementation.

Comparison with previous findings
Current practice was characterised by limited knowledge 
and use of UL measurements and UL prediction algo-
rithms. This result is corroborated by a recent Danish 
survey study by Kiær et al that revealed that prediction 
models for UL function after stroke are not yet a part of 
daily practice in Danish stroke rehabilitation.27 This is not 
surprising as the Danish clinical stroke guidelines do not 
recommend the use of any particular UL measurement 
or UL algorithm.28 29 Moreover, international recommen-
dations of standard use of UL measurements have not yet 
been implemented in clinical practice.30 31

According to previous research, the initial UL function 
is the main predictor for UL recovery.6–9 32–34 The partic-
ipants in our study acknowledged the predictive value of 
initial motor function. At the same time, they considered 
several other aspects important, such as the patients’ 
goals, their motivation and their self- efficacy. Studies have 
shown that other factors such as individual goals, motiva-
tion, self- efficacy, aphasia and depression influence reha-
bilitation outcomes and should be considered.35–38 The 
experienced therapists in our study drew on their clinical 
knowledge and expertise. This is in line with their views 
on the PREP2 algorithm as a useful but supplementary 
tool that cannot stand alone. Therefore, they suggested 
that a UL algorithm would be particularly helpful for 
recently trained therapists. However, previous research 
indicates that prognoses based on clinical expertise are 
not superior to those of algorithms, even among experi-
enced therapists.39

In the present study, participants were positive towards 
the SAFE test and found it easy to use. The PREP2 algo-
rithm has three steps and requires information from 
few sources.7 For approximately 2/3 of the patients, 
only the SAFE test is needed and according to Connell 
et al, simple prediction algorithms are more likely to be 
implemented.15

Prediction of UL function in severely impaired patients 
was considered a particular challenge. The participants 
therefore welcomed new technologies such as TMS, 
which could help to distinguish patients who regained 
function from those who remained paralysed. However, 
their views on prediction algorithms differed depending 
on the prediction outcome. A favourable prediction was 
considered motivating for both therapists and patients. 
By contrast, most participants found a negative predic-
tion demotivating. This is in line with the findings of 

Connell et al, who point to that individualised prediction 
as a new field for therapists, and that negative predictions 
may be particularly challenging.15 According to Connell 
et al, therapists may need assistance in delivering negative 
predictions15 and the PRESTO homepage as well as the 
PREP2 training homepage by Two homepages provide 
suggestions on how to phrase and deliver negative predic-
tions.13 14

Some participants considered the 75% accuracy of the 
PREP2 algorithm to be insufficient to improve clinical 
decision- making. To enable more precise predictions, 
participants in the present study proposed combining 
PREP2 with other sources of prognostic information. 
However, many factors the participants claimed to be rele-
vant for UL prognosis have, in fact, already been exam-
ined.6 7 During the development of the PREP2 algorithm, 
Stinear et al showed that the most important predictors 
to incorporate in PREP2 were MEP status, SAFE score 
and NIHSS.7 The predictors irrelevant to include were 
sex, hemisphere affected, hand affected, stroke classifi-
cation, thrombolysis and previous stroke. UL outcome 
was not predicted by these factors nor was it modified 
by UL therapy dose.7 In the present study, participants 
also mentioned the importance of personality traits that 
are not easily quantifiable, for example, inner drive and 
the approach to life. Such personality traits have so far 
received little attention in research and may need further 
investigation.

Although the three units were part of the same rehabil-
itation hospital, different cultures existed, for example, 
expressed in participants from units 2 and 3 being more 
sceptic to implementation of a UL algorithm. A reason 
for this might be greater focus on UL prediction algo-
rithms prior to the interviews at unit 1 resulting in more 
knowledge and experience with UL prediction algo-
rithms than in the other two units. Furthermore, some 
of the observed differences in culture may be attributed 
to the characteristics of the participants and the site. 
Participants who had graduated more recently who 
were employed at the largest site and in proximity to 
the research unit were more prone to a positive attitude 
towards prediction algorithms. Differences in culture 
stress the importance of tailoring a future implementa-
tion to the particular setting in which it is intended to be 
used. This is in accordance with similar studies that focus 
on the importance of translating and implementing 
research into practice.16–18

The present study was the first step in an implemen-
tation process. By identifying potential barriers and 
facilitators, these can be addressed. CFIR was used as an 
overarching framework, ensuring that aspects relevant 
to future implementation were systematically captured. 
Emphasis was on the participants’ perspectives and the 
CFIR constructs to which they could easily relate: inter-
vention characteristics, inner setting and characteristics 
of the individuals involved. This approach was chosen as 
the beliefs of healthcare staff about an intervention are 
often more influential in implementation than other 
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factors such as the strength of evidence supporting the 
intervention.16 17 19

Limitations and strengths
The scientific trustworthiness of the present study was 
evaluated using the concepts credibility, confirma-
bility and transferability.23–25 Also, a checklist for focus 
group interviews was used to assure that important 
aspects considering the research team, study methods, 
context of the study, analysis and interpretations were 
addressed.26

Credibility was ensured by involving several researchers 
with different positions and perspectives who could 
supplement and challenge each other in the analysis. 
According to Malterud, multiple researchers can in this 
way strengthen a study.23 25 To further ensure credibility, 
a participant from each focus group interview reviewed 
transcripts and findings. To assure confirmability, we 
aimed not to let our preunderstandings influence the 
interpretation of the findings.23 Being aware of our own 
preconceptions is essential as this enabled us to analyse 
the interview transcripts with open minds.24 25

Transferability or generalisability concerns the applica-
tion of the study findings beyond the context in which 
the study was undertaken.25 Perceived barriers and 
facilitators for implementation will differ between sites, 
depending on the characteristics of the clinical setting 
and the people involved.15 17 As a consequence, findings 
from the current study will not necessarily be generalis-
able to other settings. Nevertheless, the systematic use of 
CFIR as a framework even before the start of implementa-
tion can be transferred to other contexts.

A limitation of the present study might be that the 
ward managers selected participants to volunteer for the 
present study. Therapists with an interest in UL algorithms 
or implementation may be more eager to participate. 
If so, the expressed perceptions towards UL prediction 
algorithms may well be more positive than what is the case 
among therapists in general.

Another limitation of the present study is that the 
participants did not try to perform the complete PREP2 
before attending the interviews. PREP2 is comprised of 
the SAFE test, information on age, NIHSS score and MEP 
status. While the NIHSS score or the equivalent SSS score 
is always performed at the acute units and can be found 
in the medical records, knowledge of MEP status is on 
the contrary not easily obtainable. The performance of 
TMS to obtain MEP status requires a longer period of 
training. Using this amount of resources was not feasible 
for the present study, thus, only the first part of PREP2 
was practised. For this reason, the participants’ thoughts 
on TMS are merely theoretical. However, TMS is expen-
sive to purchase and requires ongoing training of staff to 
operate and therefore constitutes an obvious barrier to a 
future implementation of PREP2. Still, the participants 
practised the most essential part of the PREP2, the SAFE 
test, before attending the interviews.

Future directions
The present study reveals that the perceptions of the 
participants only partly align with current scientific 
evidence, reflecting a lack of translation from evidence 
to applied knowledge. Connell et al state that the beliefs 
of healthcare staff about interventions are often more 
influential than other factors such as the strength of 
evidence for the intervention.19 As a consequence, the 
evidence behind UL prediction algorithms should be 
presented and discussed in more detail with the therapists 
prior to implementation. In this context, it is important to 
consider that prediction algorithms should not be imple-
mented in clinical practice until both development and 
validation studies have been conducted.6 Before imple-
mentation of a UL prediction model in our local setting, 
the results from a recent study on the accuracy of PREP2 
when obtained 2 weeks post- stroke22 should be combined 
with the knowledge obtained from the current study.

Conclusion
In the present study, we found that experienced neuro-
logical therapists knew about UL prediction algorithms. 
However, only a few had a profound knowledge and few 
were using the SAFE test. The participants regarded algo-
rithms as potentially useful tools and particularly relevant 
for recently qualified therapists and for patients with little 
or no UL function. They were positive about using the 
two main components in the PREP2 algorithm, the SAFE 
score and TMS.

Performance of the SAFE score aligned more with the 
physiotherapy profession than the occupational therapy 
profession. If PREP2 is to be implemented, PTs may be 
the ones performing the algorithm. A future implemen-
tation strategy should address how to support therapists 
in handling and delivering predictions, especially if they 
are negative.
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