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Introduction: Outcome measures are key to tailor rehabilitation goals to the stroke

patient’s individual needs and to monitor poststroke recovery. The large number of

available outcome measures leads to high variability in clinical use. Currently, an

internationally agreed core set of motor outcome measures for clinical application is

lacking. Therefore, the goal was to develop such a set to serve as a quality standard

in clinical motor rehabilitation poststroke.

Methods: Outcome measures for the upper and lower extremities, and activities

of daily living (ADL)/stroke-specific outcomes were identified and presented to stroke

rehabilitation experts in an electronic Delphi study. In round 1, clinical feasibility and

relevance of the outcomemeasures were rated on a 7-point Likert scale. In round 2, those

rated at least as “relevant” and “feasible” were ranked within the body functions, activities,

and participation domains of the International Classification of Functioning, Disability, and

Health (ICF ). Furthermore, measurement time points poststroke were indicated. In round

3, answers were reviewed in reference to overall results to reach final consensus.

Results: In total, 119 outcome measures were presented to 33 experts from 18

countries. The recommended core set includes the Fugl–Meyer Motor Assessment

and Action Research Arm Test for the upper extremity section; the Fugl–Meyer Motor

Assessment, 10-m Walk Test, Timed-Up-and-Go, and Berg Balance Scale for the

lower extremity section; and the National Institutes of Health Stroke Scale, and Barthel
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FIGURE 2 | Flowchart of outcome measures per Delphi round, section, and ICF domain. ADL, activities of daily living; ICF, International Classification of Functioning,

Disability, and Health; OMs, outcome measures.

within all ICF domains that are applicable to patients with
different stroke severity levels. In addition, a framework with
fixed measurement time points was established, following a non-
linear pattern (33), with more frequent measurements within the
first 3 months after stroke and larger measurement intervals in
the chronic phase. The core set was developed on the basis of
independent opinions of international experts of different health
care professions. All experts have comprehensive experience in
clinical stroke rehabilitation. This active involvement of clinical

stakeholders ensures the set’s clinical relevance, feasibility,
and applicability.

Core Set for Clinical Motor Rehabilitation
After Stroke
The FMA-UE and ARAT are the selected OMs for the
upper extremity section and are in line with the minimal
set developed for stroke rehabilitation trials (10). Both
instruments have excellent clinimetric properties and therefore
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TABLE 2 | Core set of outcome measures for clinical motor rehabilitation after

stroke.

*Measure only required for patients with a Functional Ambulation Categories score

of ≥3/5.

ADL, activities of daily living; ICF, International Classification of Functioning, Disability,

and Health.

TABLE 3 | Measurement time points of the core set for clinical motor rehabilitation

after stroke.

X, recommended time point for assessment; d, day; m, month; wk, week; (1) exceptional

time points for the National Institutes of Health Stroke Scale, only indicated at these

time points; (2) exceptional time points for the Barthel Index/Functional Independence

Measure, only indicated at these time points.

demonstrate a high measurement quality for clinical stroke
rehabilitation (6, 11). In order to guarantee consistent
measurements that allow comparing clinical and research
findings, standardized measurement procedures should
be followed.

The lower extremity section of the core set covers a
large variety of constructs within the spectrum of body
functions and activities: motor function, gait speed, functional
mobility, and balance in sitting and standing. The OMs are
feasible and relevant for stroke patients with and without
walking ability. Outcome measures on the activities domain
are discriminated by the Functional Ambulation Categories
(FAC). Hence, the FAC is not per se included as one of the
core set’s OMs, but it is a screening tool to determine which
OMs should at least be applied. The constructs of motor
function (FMA-LE) and balance (BBS) should be evaluated in
all patients, whereas walking speed (10 MWT) and functional
mobility (TUG) should only be assessed in patients with an
FAC score of at least three out of five. Comparing these
OMs for the lower extremity with those recommended for
stroke rehabilitation research (10) clearly shows that although
the constructs of functional balance and mobility were not
recommended for research, they are found to be relevant for the
clinical setting.

The ADLs/stroke-specific OMs section covers the constructs
stroke severity (body functions domain) and basic ADLs
(activities domain). Within the activities domain, the
highest rank is shared by the BI and FIM, which are
highly correlated (r = 0.92–0.99) (34). These OMs can
be chosen upon individual considerations within stroke
services. The FIM requires annual license fees and provides

chargeable access to training materials, offers data services,
and contains additional socio-cognitive items. The BI might
be favorable regarding time and financial resources (online
supplement, Table S8).

The majority of the recommended OMs are designed to
objectify the patient’s observed functional impairment or to
evaluate motor capacity in a standardized test environment,
which is defined as the “maximum potential of an individual
to succeed in the performance of a motor skill” (35). The
included capacity measures are complemented by the patient-
reported SIS, which is sensitive to change (36). The SIS
not only covers the participation domain of the ICF, but
also provides the patient’s perspective on the body functions
and activities domain. With that, it adds an important
multidomain perspective to this clinical core set, a perspective
on which no consensus was found for stroke rehabilitation
research (10).

The core set’s OMs are part of the few clinical guidelines that
gave specific recommendations on OMs (9), which potentially
facilitates implementation at a national level. The responsibility
of clinical assessments should be shared by the involved
health care professions according to their specialization. The
total time to complete the core set lies between 60 and
75min, depending on the patient’s ability to understand and
answer questions or to perform the required tasks of the BI
or FIM.

Measurement Time Points
The core set provides a refined framework of fixed measurement
time points poststroke, with more frequent measurements
early after symptom onset and a low frequent monitoring
pattern in the chronic phase. This is in accordance with
the logarithmic pattern of sensorimotor recovery after stroke,
in which the greatest changes on the body functions and
activities domains occur within the first 12 weeks after symptom
onset (37, 38). In this period, behavioral restitution takes
place, and thereafter, changes occur predominantly due to
compensational mechanisms, reaching a plateau between ∼3
and 6 months poststroke (33). Low-frequent assessment in the
chronic phase allows for monitoring the patient’s impairments
and disabilities. In case of presence or lack of clinically relevant
changes, rehabilitation can be restarted, continued, adapted, or
completed (29).

The core set’s seven consensus-based measurement time
points are in line with existing recommendations in national
clinical guidelines (29, 39) and stroke rehabilitation research
guidelines (10) to assess in all four recovery phases poststroke
(40). However, the experts recommended more measurement
time points in the subacute phase, when compared to research
recommendations. This will provide more detail about the
individual motor recovery pattern across different ICF domains
and therefore promote personalized rehabilitation and support
appropriate discharge and adaptive planning regarding the
home environment. The experts did not select admission and
discharge as recommended measurement time points. Although
we did not investigate the reason for not selecting specific
time points by the experts, we hypothesize that this could
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be explained by the large international variability in both
the length of stay and the accessibility to acute clinics and
rehabilitation facilities (41). These arbitrary time points impede
the comparability on a regional, national, and international
level. As the consensus-based time points are a minimum
number of required measurement time points, measurements
at admission and discharge could be optionally implemented
in the local framework to facilitate rehabilitation goal setting
and evaluation.

For clinical practice, an important clinimetric requirement of
OMs is their responsiveness to clinically meaningful differences.
As it is known that these differences depend on the recovery
phase poststroke (42), changes between measurements should be
related to the poststroke phase-specific MCID. Although results
of anchor-based MCIDs were no inclusion criterion for the
preselection of OMs in the Delphi study, MCIDs are available
from the acute to the chronic stage for most OMs (online
supplement Tables S6–S8).

The experts’ consensus resulted in a clear measurement
pattern for upper and lower extremity body functions and
activities. They proposed a scheme with less measurement
time points for the ADL/stroke specific section, possibly
because these OMs are not valid and responsive at all
time points.

Limitations
There are considerations to be made regarding the developed
core set for clinical motor rehabilitation after stroke. First, the
availability of validated translations and transcultural validations
was no inclusion criterion for OMs. However, with the call
for international quality standards in stroke care (3), it should
be the interest of stroke services on a regional and national
level, to allow for translated and validated versions of the
core set’s OMs. Second, although we aimed for a well-
balanced group of experts in terms of clinical background,
occupational therapists were underrepresented. It is unlikely that
this influenced the final core set, as there were only marginal
variations in the rankings between professions. Regarding the
balance by regions of practice, Eastern European countries were
underrepresented. Third, there is variability in agreement rates
of measurement time points after rounds 2 and 3. However,
there was a clear difference in agreement rates between the
excluded and final recommended measurement time points.
Finally, although most of the experts are still clinically active in
stroke rehabilitation, many of them are also involved in research,
and they may have ranked OMs using both their clinical and
research experiences.

Future Directions
In a next step, the core set for clinical motor rehabilitation
after stroke should be implemented across the whole stroke
care pathway, including stroke units and acute hospitals,
rehabilitation facilities, and outpatient centers or private
practices. It should be acknowledged that the implementation
of standardized tests in the clinic is challenging. Bland and
colleagues (43) demonstrated differences in adherence between
settings and professions. Especially in the outpatient facilities,

standardized assessments were less frequently applied. However,
implementation projects have demonstrated that educational
programs and assessment training leads to a successful
implementation of stroke OMs in clinical practice (44), and
these should be taken as a good example. Routinely scheduled
time slots for fixed measurement time points could support time
and resource efficiency. A reevaluation of the core set’s OMs
and the adherence of health care professionals to apply this set
should be initiated in 5 years. The measurements’ results should
be fed to national registries to gain insight into the quality of
clinical motor rehabilitation in the acute, subacute, and chronic
phase poststroke and provide input for actions for improvement.
Last but not least, a collaboration of clinicians and researchers
should aim for the development of a minimal set of OMs for
other important domains in clinical stroke rehabilitation, such as
cognition and speech.

CONCLUSION

The consensus-based core set of OMs for clinical motor
rehabilitation after stroke contains nine OMs that cover the main
impairments in body functions, activities, and participation on
the motor domain and is complementary to recommendations
for stroke rehabilitation research. Measurements should be
performed at six time points within the first 6 months poststroke,
and consecutivemonitoring should take place every 6thmonth in
the chronic stage. The core set and its measurement framework
should be implemented throughout the whole stroke care
continuum and allows benchmarking, with the long-term goal to
optimize the quality of poststroke rehabilitation.
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