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Abstract
As knowledge and interest in stroke motor rehabilitation continue to increase, consistent
terminologies that are specific to this discipline must be established. Such language is critical to
effective rehabilitative team communication, and is important to facilitating communication
among the diverse groups interested in the science and practice of stroke motor rehabilitation. The
purpose of this paper is to provide operational definitions for three concepts that are common -
and commonly mislabeled - attributes of stroke motor rehabilitation interventions: intensity,
duration, and frequency. In developing these guidelines, conceptual frameworks used in the
pharmaceutical, exercise, and rehabilitative therapy realms were used. Implications of these
definitions for research and clinical practice are also discussed.

In the last decade, interest in the science of neurorehabilitation has increased considerably.
In the sub-discipline of stroke motor rehabilitation, similar growth has occurred, fueled by
greater understanding of neuroplasticity in both animal1 and human models,2,3 and by the
prospect of response to rehabilitative interventions even years after ictus. Concurrently, an
increased quality, diversity, and availability of tools that objectively measure in vivo
biological processes accompanying behavioral changes (e.g., functional magnetic resonance
imaging; transcranial magnetic stimulation) has become available. The advent of such
objective measurement has generated new scientific questions, and increased understanding
of the conditions under which motor therapies are most successful. Regardless of the reasons
for its growth, the burgeoning interest in stroke motor rehabilitation is evidenced by the
increasing number of published stroke rehabilitation trials, greater inclusion of such trials in
a wider array of scientific journals, the genesis of special interest groups dedicated to the
science of stroke motor rehabilitation, and increased attendance at meetings and interest
groups targeting neurorehabilitation (e.g., joint, annual meeting of the American Congress of
Rehabilitation Medicine/American Society of Neurorehabilitation; Rehabilitation Special
Interest Section of the Society of Neuroscience’s annual conference).
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While rehabilitation science is a relatively young discipline,4 stroke motor rehabilitation as a
formal area of inquiry is even younger. Nonetheless, a large number of studies have shown
the potent, widespread body system changes that co-occur with provision of stroke motor
therapies. Specifically, in addition to increased movement capability, such regimens
frequently elicit neural,5 motor behavior,6,7 peripheral,8,9 affective,10,11 and even
cardiovascular adaptations.12,13 Other work14 suggests that stroke motor therapies can
impact domains of function that are not primarily targeted, such as speech production. In
short, stroke motor rehabilitation is a potent therapeutic agent impacting a myriad of body
systems in addition to movement.

As stroke motor rehabilitation continues to grow as an area of scientific interest and its
knowledge base continues to evolve, standards and terminologies specific to this area must
be established. One method of accomplishing both outcomes is by applying established
concepts and/or frameworks from other disciplines to this emerging sub-discipline. In this
paper, we apply terminology commonly used in pharmaceutical and exercise research and
practice to describe several aspects of stroke motor therapies. Specifically, the purpose of
this paper is to provide operational definitions for three concepts that are common - and
commonly mislabeled - attributes of stroke motor rehabilitation interventions: intensity,
duration, and frequencyImplications of these definitions for research and clinical practice
are also discussed.

There are several benefits to be gained from adopting the specific terminologies suggested in
this paper. First, such language provides a method of framing unmet research areas in stroke
motor rehabilitation, including dosing schedule (i.e., duration of treatment, frequency of
treatment), purity of treatment, and delivery method. Such framing is necessary to
operationalize concepts and will aid in investigations of the optimal calibration of stroke
motor therapies with various impairments and etiologies. Secondly, the specificity proposed
herein is critical to effective rehabilitative team communication. Finally, clinical and
scientific initiatives in stroke motor rehabilitation are becoming increasingly
interdisciplinary. A common language used by the diverse groups involved in stroke motor
rehabilitation is fundamental to effective communication and collaboration.

Intensity
Background

Perhaps no other construct in the stroke motor rehabilitation literature has been referenced
with greater variability than “intensity.” Most commonly, authors have used “intensity” to
describe the length of time occupied by a single training session or a group of rehabilitative
sessions. For example, in a series of important studies examining the stroke motor recovery
trajectory, Kwakkel and colleagues15,16 operationalized “intensity” as the amount of
therapist to subject contact administered in 15-minute blocks. The authors termed this same
construct as “duration” in their later work.17 In a somewhat similar fashion, Rodgers and
colleagues18 operationalized “intensity” as the total amount of upper extremity (UE) therapy
provided to a patient during a particular working day.

In some cases, researchers have used the terms “intensity” and “duration” interchangeably
within the same document or line of research. For example, a series of papers resulting from
a National Institutes of Health workshop on optimal timing, duration, and intensity of stroke
rehabilitative interventions19 did not disclose operational definitions for these terms before
they then discussed them. Perhaps as a consequence of this ambiguity, some contributors to
this series used the term “intensity” to describe the amount of stroke rehabilitative services
provided to patients,20 while others21 operationally defined “intensity” as the amount of
patient effort put forth during participation in an intervention. Such variances have also been
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observed in the constraint-induced movement therapy (CIMT) literature, in which authors
have: (a) described CIMT and its comparators as “intense” in reference to the number of
training hours required. This conceptualization equates “intensity” to be the same as
“duration;” (b) noted that CIMT “…differs from conventional physical rehabilitation in its
duration and intensity,”22 p.1045 meaning that the construct of “intensity” is conceptually
different than “duration;” and (c) used the term “intensity” to refer to the number of practice
units per block of time during which CIMT activities are practiced.23

Definition Recommended by this Committee
For decades, oft-cited position statements in the exercise literature24 - as well as position
statements describing the application of exercise to stroke survivors25 and older adults26 -
have defined “intensity” as the amount of effort and/or work that an individual puts forth
during a single training session or a specific movement attempt. Likewise, several prominent
texts describing exercise applications to a variety of populations27,28 have operationalized
“intensity” as the amount of work or energy that an individual expends during an exercise
session. Accordingly, the construct has typically been measured using perceived exertion,29

the difference between maximal oxygen uptake and resting oxygen uptake (%VO2R), and/or
heart rate.24

Increasingly, exercise concepts have been applied to stroke motor rehabilitation.30,31 This
provides a basis for their adoption into stroke motor rehabilitation. Building on decades of
exercise studies and established position statements, this sub-committee supports a
definition of “intensity” for stroke motor rehabilitation that addresses the individual effort
being expended during a particular motor rehabilitation session or exercise. We recommend
the following definition of “intensity:” “the amount of physical or mental work put forth by
the client during a particular movement or series of movements, exercise, or activity during
a defined period of time.” Thus, the more work that a participant puts forth in a particular
session or exercise, the higher the intensity level that he/she is likely exhibiting.

It is important to acknowledge that “intensity” may also refer to psychological effort
exhibited during a particular movement or activity. For instance, movements requiring
minute physical exertion levels (e.g., threading a needle; reaching for an object) can often be
sufficiently mentally exacting for a stroke survivor that they require high levels of intensity.
Future researchers will, thus, also want to focus on the development and validation of
measures of psychological effort or “intensity.”e.g.,32 Such measures would quantify the
effort associated with performance of particular tasks during therapy sessions or at home.
This information would, in turn, help to adapt the demands of the task according to the
needs and abilities of the client (e.g., need for rest periods; type of movement feedback).

Using our proposed definition of intensity as a guideline, we recommend that future research
efforts focus on examining the validity of already-established measures of intensity when
administered during stroke motor therapy. An example of these efforts may be using Borg’s
perceived level of exertion when asking the patient to characterize the amount of physical
effort put forth during a particular movement attempt, such as attempting to reach for an
object. This constitutes a slight variation from its more-common use as a measure of
physical effort during aerobic interventions, and would help clinicians to understand how
different levels of effort may affect movement quality (e.g., clonus when effort level is high)
and/or outcomes. Alternatively, an objective measure of physical effort, such as heart rate,
may be more desirable, if the goal of a particular intervention is to increase the patient’s
physical capacity, or if the clinicians wishes to assure patient safety during a particularly
taxing intervention, such as using a treadmill. It may also be the case that some measures
using self-report methods are suboptimal with particular stroke survivors (e.g., individuals
with cognitive, sensory deficits), as the patients may be unable to ascertain their levels of
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effort or physiological stress. For example, a study by Tang and colleagues33 showed that
even the use of more objective measures (e.g., heart rate) may not be entirely
straightforward in the stroke population due to autonomic nervous system changes in this
population. Thus, researchers must examine the interplay between stroke sequelae and the
validity of intensity measures, as well as possibly developing alternative measures of
intensity for this population.

Dosing
Inappropriate use of pharmaceutical therapies has repeatedly been shown to undermine
patient safety and outcomes. For example, medication non-adherence has been determined a
cardiovascular risk factor.34 Consequently, careful monitoring of the dosing of such
regimens is fundamental to safe, efficacious treatment.

Rehabilitative therapies are similar to pharmacologic therapies in that they often elicit a
myriad of motor, behavioral, neural, and other body system responses. Consequently, like
medications, it is plausible that variances in recommended dosing schedules of motor
therapy may significantly impact outcomes and, in some cases, patient health. Yet, there
remains great variability in the dosing schedules with which stroke motor therapies are
administered. The establishment of conventions regarding dosing of stroke motor therapies
cannot occur without clear, consistent definitions of their underlying constructs.

Duration and Frequency
Background—As with other medical subdisciplines, we conceptualize “dosing” in stroke
motor rehabilitation to encompass the total amount of activity performed during the training
period. Yet, while many post-stroke motor rehabilitation therapies have been investigated,35

the terminology used to describe the constructs that impact this quantity of activity has
varied. For example, Kwakkel and Wagenaar17 longitudinally monitored the walking speeds
of 53 subjects who were administered one of three different interventions emphasizing UE
training, lower extremity training, or immobilization of the LE’s and UE’s using an
inflatable splint. The authors operationalized “duration” as “…the amount of therapy, as
measured in 15-minute increments of face-to-face contact between subject and therapist…”
In contrast, others have defined “duration” to be the total amount of patient time spent
exercising,36 or have combined the terms, not making a differentiation between the two.

While a complete review is beyond the scope of this paper, it is worth noting that the total
amount of training has varied across studies, often when testing the same intervention.
Moreover, this occurred in studies that were not explicitly seeking to optimize dosing. For
example, some robotic UE trials have provided 3 hours a week over 12 weeks (360 hours) of
practice37, whereas others using the same intervention have provided 3 hours a week for
638,39 or 8 weeks,40 or 4–5 hours for 6 weeks.41 Likewise, while CIMT appears to increase
UE use and movement, there remains no agreed-upon frequency and duration for this
training modality. For example, a Phase 3, multicenter, CIMT trial,42 administered UE
motor therapy in six-hour durations, with a frequency of five days per week. Yet, others
have shown that modifications to the duration43,44 and/or frequency45 of the UE training
sessions also significantly increase UE use and movement, and cause neural changes.46 Such
variability makes it difficult to determine the most efficacious dose at which responses can
be seen, which hinders optimization of strategies to promote motor recovery.

In addition to obscuring the ability to make interpretations about efficacy across studies,
variability in dosing hinders initiation of promising lines of research or development of new
clinical pathways. For example, one of the authors (A.S.) found such variability challenging
in initiating a line of research examining yoga as a stroke rehabilitative intervention based
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on the older adult literature. Specifically, there is great variability concerning the optimal
frequency and duration with which yoga should be administered (e.g., yoga literature
variances included 4 to 12 or more week interventions, with sessions ranging from 30 to 90
minutes).47,48 In the end, such variability may force researchers and clinicians to make an
educated guess concerning the appropriate frequency and duration for the intervention.

Definition Recommended by this Committee—In the larger medical and exercise
contexts from which rehabilitation derives many of its practices, “duration” is usually
defined as the length of time during which a single session is administered (measured in
minutes, but other units of measurement can also be used). “Duration” could also be applied
in describing the total amount of time that an intervention period occupies. “Frequency” has
usually been defined as how often during a fixed time period the regimen is administered
(e.g., how many times per week a patient is administered a particular regimen). This
committee endorses the above definitions for use in stroke motor rehabilitation.

As with many medication regimens (e.g., blood pressure medication), a frequent challenge
for stroke patients is full adherence with a prescribed exercise or rehabilitation prescription.
For example, Shaughnessy et al. found that 42% of their sample of stroke survivors
exercised never or less than once a week.49 Clinicians must have appropriate terminology to
describe the prescribed aspects of the assigned regimens so that consistent measures of
deviation from these prescribed regimens can be developed. It is also important to
acknowledge that changes to health care and reimbursement policies frequently impact the
frequency and duration of post-stroke rehabilitation. Without such terminology in place, the
ability to precisely and consistently quantify the impact of these changes on programming
for people with stroke will remain elusive, and undermine ability to advocate for
rehabilitation services for people with stroke.

Delivery Method
Background

“Delivery” commonly refers to the technique or approach by which treatment is
administered. Methods of delivery as defined in pharmaceutical trials are usually based on
the body system that is targeted as well as knowledge of the medication’s expected
mechanisms of action (e.g. cell physiology, biochemistry).50 Specific delivery parameters
may include the form in which the drug is administered (e.g. liquid, solid, powder), the
method with which it is delivered (e.g. needle, pill, patch) and, when appropriate, the
method of delivery within the body (e.g. cutaneous or subcutaneous). These specifics are
detailed in trials to provide safe and effective guidance in clinical situations.

Definition Recommendation by this Committee
At present, stroke motor rehabilitation trials often present the rationale and outcomes for a
particular approach, but do not consistently provide sufficient detail outlining the delivery
methods used. The absence of this information undermines ability for clinical replication
and production of quality systematic reviews and meta-analyses, which are the foundation
for establishing guidelines for effective therapies for stroke motor recovery.

This subcommittee endorses the development of standardss for detailing howbehavioral
interventions were provided in published research. This would include stroke motor
therapies. Such specificity may include the development of a standardized rubric for
detailing the contents of a specific therapy regimen in the same way that the CONSORT
diagram provides a framework for reporting the flow of subjects through a clinical trial.
Such a rubric could detail repetitions of particular therapeutic elements, duration of each
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element, delivery mechanism (e.g., mechanical; manual), and targeted areas for recovery for
each element (e.g. peripheral, central nervous system). Such a rubric would allow for greater
replication of clinical research protocols in actual clinical environments.

Other Directions and Conclusions
Rationale for development of this paper included an increasingly large and diverse array of
clinicians and scientists involved in stroke motor rehabilitation, and the realization that
stroke motor therapies wield wide and diverse systemic impacts in comparison to
pharmacologic agents. Consequently, greater care – including more specificity and
consistency in language - must be taken in describing the delivery of these regimens.

In addition to the areas of intensity, duration, frequency, and delivery method, an additional
area in need of standardization in language and practice is the “window” during which a
regimen should be administered. Like other constructs described in this paper, this is an area
that was discussed - but not defined - in the aforementioned NIH white paper.19 Despite this
oversight, “window” has recently been shown to be an important factor affecting efficacy of
stroke motor therapies. For example, in acute stroke (< 30 days post ictus), CIMT is no more
efficacious than time-matched affected arm training,51 yet is known to be efficacious when
delivered in the months and years after ictus.22,23,42–46

Contemplating stroke rehabilitative therapies in the same light as medications also
necessitates reconsidering issues of expertise and specialization. In other fields, a
discipline’s movement toward greater rigor, establishment, and specificity is often marked
by the development of its own journals, conferences, special interest groups, and
certifications. This is considered a necessary step, both to remain current with the evolving
literature, and to assure clinician competency and scientific rigor.

The rapid evolution of stroke motor rehabilitation – as well as the wide systemic impact that
stroke motor rehabilitation conveys - necessitate that clinicians in this area remain familiar
with its increasingly specialized knowledge base. However, this is not always the case. For
example, some therapists may have little specific training in stroke rehabilitation beyond
that which they received during their clinical training, and/or may rely on information and
practices from that training as the bases for their practices, even if the training occurred
years ago.52 It is this subcommittee’s contention that specific stroke rehabilitative training
and knowledge are fundamental to appropriate, evidence-based, safe stroke motor
rehabilitation. One way that such training can occur is through a common language that is
shared by all members of the rehabilitative team, as well as in the larger discipline. This
allows for shared communication and goal setting strategies that, in turn, allow for advocacy
for the discipline, including for better training of its professionals.

Conclusion
Stroke remains the leading cause of disability in the United States. Moreover, the factors
that contribute to stroke incidence (e.g., advanced age; obesity; diabetes) are increasing.
These factors are expected to conspire to produce an increased prevalence of stroke
survivors exhibiting motor impairments that undermine independence and quality of life.

Such trends are being addressed by an increasingly large, diverse group of scientists and
practitioners interested in stroke motor rehabilitation. However, as more individuals become
interested in the science and practice of stroke motor rehabilitation and its knowledge base
becomes more sophisticated, a common, specific language is needed to permit discourse and
shared understandings. A logical source for such terminologies is from the more-established
areas of medicine and exercise, on which many stroke motor rehabilitation practices are
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based. Given these needs, this paper identifies definitions for intensity and dosing for use in
stroke motor rehabilitation. This paper also identifies the concepts of delivery method and
window as areas for future refinement.
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ABBREVIATIONS

UE Upper extremity

CIMT constraint-induced movement therapy
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