
Received: June 27, 2020. Accepted: December 6, 2020

© The Author(s) 2021. Published by Oxford University Press on behalf of the American Physical Therapy Association. All rights reserved.

For permissions, please e-mail: journals.permissions@oup.com

PTJ: Physical Therapy & Rehabilitation Journal | Physical Therapy, 2021;101:1–10
DOI: 10.1093/ptj/pzab024
Advance access publication date January 23, 2021
Perspective

The 4-Element Movement System Model to Guide

Physical Therapist Education, Practice, and

Movement-Related Research
Philip McClure, PhD, PT 1,*, Michael Tevald, PhD, PT1, Ryan Zarzycki, PhD, PT1,

Shailesh Kantak, PhD, PT1,2, Philip Malloy, PhD, PT1, Kristin Day, PhD, PT1,

Kshamata Shah, PhD, PT, NCS1, Amy Miller, PT, DPT, EdD1, Kathleen Mangione, PhD, PT1

1Arcadia University, Department of Physical Therapy, Glenside, Pennsylvania, USA
2Moss Rehabilitation Research Institute, Elkins Park, Pennsylvania, USA

*Address all correspondence to Dr McClure at: mcclure@arcadia.edu

Abstract

The movement system has been adopted as the key identity for the physical therapy profession, and recognition of physical
therapists’ primary expertise in managing movement dysfunction is an important achievement. However, existing movement
system models seem inadequate for guiding education, practice, or research. Lack of a clear, broadly applicable model
may hamper progress in physical therapists actually adopting this identity. We propose a model composed of 4 primary
elements essential to all movement: motion, force, energy, and control. Although these elements overlap and interact, they
can each be examined and tested with some degree of specificity. The proposed 4-element model incorporates specific
guidance for visual, qualitative assessment of movement during functional tasks that can be used to develop hypotheses
about movement dysfunction and serve as a precursor to more quantitative tests and measures. Human movement always
occurs within an environmental context and is affected by personal factors, and these concepts are represented within the
model. The proposed scheme is consistent with other widely used models within the profession, such as the International
Classification of Functioning, Disability and Health and the Patient Management Model. We demonstrate with multiple
examples how the model can be applied to a broad spectrum of patients across the lifespan with musculoskeletal, neurologic,
and cardiopulmonary disorders.
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2 4-Element Movement System Model

Introduction

The movement system has been adopted as the key “identity”
for the physical therapy profession.1

The physical therapy profession will define and promote
the movement system as the foundation for optimizing
movement to improve the health of society. Recognition
and validation of the movement system is essential to
understand the structure, function, and potential of the
human body.1

Recognizing physical therapists’ primary expertise in manag-
ing movement dysfunction is an important achievement, and
much discussion has occurred around the movement system
as our professional identity.2–4 However, we believe that
currently few therapists can actually articulate a meaningful
description of the “movement system” either conceptually
or practically. The current definition states: “The movement
system is the integration of body systems that generate and
maintain movement at all levels of bodily function. Human
movement is a complex behavior within a specific context,
and is influenced by social, environmental, and personal
factors.”5

The American Physical Therapy Association’s white paper
recommends that the profession develop “ . . . a common
framework and language” regarding the movement system.
Such a framework would facilitate the adoption of a
“movement-based approach,” which is a hallmark of expert
practitioners.1 Therefore, the purposes of this perspective are
to (1) discuss the need and important criteria for a unifying
movement system model, (2) describe a unifying model that
serves as an educational framework that we believe also
translates well into a guide for practicing clinicians across
various specialties within physical therapy and rehabilitation,
and (3) discuss specific application of the model to patient
management, education, and movement-related research.

The Need and Important Criteria of a
Movement System Model

Figure 1 shows the current Movement System Diagram
suggesting interaction between 6 physiological systems.3

Although such a model does have the advantage of being very
broad and encompassing, the newly created “system”becomes
potentially overwhelming and not useful to both clinicians
and students. As Guccione et al6 have argued, “what structure
or system of the human body does the ‘movement system’
exclude? What is gained by constructing an alternative and
unfamiliar label to encompass all the systems of the human
body?” A coherent, broadly applicable movement system
model that can guide practice and education is currently
lacking and represents a major barrier to physical therapists
adopting an identity as movement system specialists.

Currently, some authors offer an expression or particular
application of the “movement system.”3,7–10 For example,
some groups have tried to create more specific movement
system models that focus on particular pathological groups.
A recent white paper published by Hedmen et al3 proposes a
model focused on patients with neurologic injury or disease
states. A primary focus of their neurological model is motor
control during discrete functional tasks that are impaired.
They recommend a core set of tasks for analysis and propose

Figure 1. Current diagram depicting the movement system as
representing the interaction of 6 separate physiological body systems.
Used with permission of the American Physical Therapy Association

a 6-stage movement continuum to guide movement analy-
sis. Sahrmann and colleagues9,11 have developed systems of
examination and management for musculoskeletal conditions
that take quite a different approach. Their system is based
on precise regional examination of movement and alignment,
considering muscle performance, tissue length, and relative
stiffness of different joint regions. Although the approach of
building various specific models to address different groups of
pathologies is likely useful, a model that identifies the essential
components to all movement tasks across a broad range of
pathological conditions could offer a unifying step forward.
Our experience is that this is particularly relevant to entry-
level physical therapy education where students often struggle
to think beyond the “siloes” of traditional clinical specialty
areas and associated specific examination systems.12,13

Proposal of a New Model

For a model to be both meaningful and widely adopted,
several criteria seem necessary.

1) It must be general enough to capture the primary ele-
ments underlying the wide variety of disorders physical
therapists encounter.

2) It must be specific enough to provide a framework that
can meaningfully guide practice, education, and research
related to movement dysfunction.

3) It should be readily incorporated into professional edu-
cation, particularly where students lack clinical expe-
rience and therefore are more reliant on conceptual
frameworks.

4) It should also be consistent with existing models that
are widely adopted such as the patient management
model14 and the International Classification of Func-
tioning (ICF).15

The proposed model was generated out of a series of
discussions within our faculty aimed at developing a suitable
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McClure et al 3

Table 1. Common Tests, Measures, and Intervention for the 4 Elements of Movement

Movement Element Common Tests and Measures Common Intervention Strategies

Motion • Passive range of motion (ROM) • Active stretching
• Specific tests for muscle length • Passive stretching
• Accessory motion tests • Stretching combined with muscle activation

followed by relaxation (hold-relax, etc)
• Soft-tissue mobility tests assessed by palpation • Manual therapy including joint

mobilization/manipulation and soft-tissue techniques
• Skin mobility • Low-load prolonged stress via static positioning or

splinting
• Neurodynamic tests • Neural gliding and tensioning techniques

Force • Manual muscle testing • Force generating capacity
• Hand-held dynamometry -Isometric muscle activation to restore muscle

function, and reduce muscle atrophy following injury
or immobilization

• Repetition maximum testing -Isometric co-contraction to promote joint stability
for function

• Isokinetic testing -Isolated resisted concentric and eccentric muscle
strengthening

• Functional performance testing -Alter range of motion amount and load magnitude to
advance force generating capacity demand
• Force control
-Advance movement tasks from simple, single-plane
movement to complex, multi-plane movement
-Vary load magnitude and movement duration
demands to meet individual functional requirements
-Incorporate power training to improve rate of force
development for an individual’s functional demands

Energy • Aerobic capacity/endurance during functional
activities, mobility, gait, or standardized exercise test
protocols

• Therapeutic exercise, including
-Continuous or interval exercise programs designed to
improve aerobic capacity and/or endurance
-Resistance training to improve muscle performance
-Inspiratory muscle training in certain populations

• Circulation, including vital signs,
electrocardiography, auscultation, signs and symptoms
of poor perfusion, at rest and during activity

• Functional training, including gait and mobility
training

• Muscle performance, including strength and
endurance

• Airway clearance techniques, if retained secretions
limit endurance

• Ventilation and respiration, including respiratory
rate and depth, auscultation, pulse oximetry, gas
analysis, signs and symptoms of dyspnea, increased
work of breathing, or poor gas exchange at rest and
during activity

• Patient instruction, including
-Self-monitoring of intensity, signs, and symptoms
-Energy conservation techniques, including pacing,
modifying tasks and/or the environment, etc.

Control • Performance-based measures of capability (eg, 5
times sit-to-stand)

• Impairment restitution- to provide resources (eg,
ROM) for task execution
• Task practice

• Assess task initiation, execution, and termination -Alter task, environmental demands, instructions, and
manual cues to minimize compensations

-Determine abnormal movement -Allow exploration and movement discovery
-Biomechanical analyses of multi-joint system -High-intensity, high-dose skill practice
-Determine compensations -Optimal challenge during practice: altering speed,

perturbations, concurrent cognitive challenge
-Change task, environmental demands to determine if
patient can change movements and minimize
compensations

• Targeted treatments to improve perception and
cognition in context of task practice (eg, virtual
reality)

• Feedforward control: measure/characterize speed,
accuracy, and kinematics
• Feedback control: determine response to unexpected
perturbations
• Sensory-perceptual and cognitive testing

model for entry-level DPT education. Conceptual frameworks
can be useful in helping students and novice clinicians to
develop the cognitive skills needed for complex reasoning.
Examples of such frameworks used in physical therapy
include the Patient Management Model,14 the International

Classification of Functioning and Disability,15 and the
Hypothesis Oriented Algorithm for Clinicians II.16 Although
these all serve as foundational conceptual models for the
profession, it is clear that additional models are needed to
fully integrate the movement system into physical therapist
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4 4-Element Movement System Model

Figure 2. The 4-element model of the movement system. The 4 essential
elements allowing movement are at the center and interact with one
another. Because all movement occurs both within an environmental
context and is affected by multiple personal factors, these features are
shown surrounding the basic elements of movement.

practice and education. We believe the proposed 4-element
model provides a relevant conceptual framework for the
understanding and management of movement dysfunction
across a wide variety of patient conditions and is consistent
with existing widely accepted models.

Defining the Movement System

In medicine, a “system” classically refers to “a group of body
organs or structures that together perform 1 or more vital
functions.”17 However, a system can be more broadly defined
as “a regularly interacting or interdependent group of items
forming a unified whole.”17 The current model essentially lists
6 accepted anatomical, physiological systems and implies that
movement results from the interaction among these systems.
Although true, we found the model was not easily translated
into teaching, analysis, or management of common movement
problems treated by physical therapists.

In thinking about physical therapist practice, we chose to
identify 4 primary elements that are essential components to
all human movement, (motion, force, energy, and control).
These elements are identified in the model shown in Figure 2.
Allen18 took a similar approach in proposing dimensions
of movement that linked movement science and clinical sci-
ence (flexibility, strength, accuracy, speed, adaptability, and
endurance). These elements are not anatomical structures or
physiological systems but rather the essential basic require-
ments for movement that lend themselves to clinical analysis.
The primary goal of most physical therapy care is to accurately
identify and subsequently manage or improve impairments
related to 1 or more of the 4 major elements in an effort to
ultimately improve functional movement.

By focusing on the major elements of movement rather
than on broader physiological systems, the model provides
greater focus on movement problems, the specific expertise of
physical therapists. The 4 key elements underlying movement
(motion, force, energy, and motor control) clearly overlap

and interact as shown in Figure 2, but each can be exam-
ined clinically and measured with some specificity. Consistent
with the ICF model, movement always happens within an
environmental context and is typically affected by personal
factors specific to an individual. These factors are shown
encompassing the 4 basic elements of the movement system.

The 4 elements are common requirements to movement,
regardless of the nature of a particular pathological condition
or pathoanatomical diagnosis. Within our curriculum, we
have successfully applied the model in case analyses involving
neurologic, cardiopulmonary, and musculoskeletal problems
across the lifespan. The model provides a conceptual founda-
tion for the vast array of clinical examination and interven-
tion techniques presented to students and provides a way to
organize thinking and information across traditional clinical
specialty siloes.

Four Elements of Movement

Motion

In the context of this model, motion refers specifically to
the ability of a joint or tissue to be moved passively. Passive
motion is largely a function of the length and mechanical
characteristics of tissues surrounding synovial joints and may
be judged as hypomobile, normal, or hypermobile. The rela-
tive stiffness of a joint or tissue (resistance to displacement)
may also be considered. Broadly, the tissues most commonly
limiting passive movement would include periarticular struc-
tures (ligaments, capsule/synovium, fat pads, menisci), mus-
culotendinous structures, and neural tissues as well as the
skin. These tissues may physically restrict motion directly
via adaptive shortening or adhesion formation, or they may
become injured or sensitized, leading to pain with motion and
protective muscle guarding.

The length and mechanical characteristics of these individ-
ual structures affecting motion can be assessed with some
specificity. In addition to traditional passive range of motion
testing, periarticular structures can be assessed by accessory
motion testing and other special tests with varying accu-
racy.19–22 In addition to the amount of motion present, the
end-feel or nature of resistance perceived at or near end-
range and whether symptoms are produced can be assessed.
The length of specific musculotendinous structures can only
be isolated well when a muscle crosses 2 joints. This allows
differentiation from periarticular structures by lengthening
the muscle over both joints simultaneously such as with tests
for hamstring length as an example.23–25 Muscle may also
limit motion due to the presence of spasticity, generally noted
by heightened resistance to quick stretch or by myofascial
trigger points within the muscle identified by palpation.26

Sensitized neural tissue can also be a source of limited passive
motion as shown with a straight-leg raise test or with various
upper extremity neurodynamic tests.27,28 Skin may also be a
source of limited motion, particularly with burn injury but
also by other mechanisms such as post-operative scarring and
adhesion formation.

Interventions for limited passive motion depend on the
nature of the problem. If motion is limited by a physical
restriction attributable to adaptive shortening or adhesion
formation, the treatment generally involves applying tensile
stress to induce growth and increased length to the restrict-
ing tissue.29,30 This may be achieved with exercise, manual
therapy, static positioning, or some method of splinting. If a

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/101/3/pzab024/6106275 by guest on 29 July 2024



McClure et al 5

motion is limited by a painful sensitized tissue and muscle
guarding, the treatment approach typically involves protecting
that tissue from physical stress, allowing pain and inflamma-
tion to resolve. There has been increased interest in methods
aimed at abolishing trigger points or restrictions believed to be
from myofascial tissue, but evidence is still limited for various
approaches.31

Force

In the context of this model, force refers to the ability of
the contractile (ie, muscles) and noncontractile structures
(ie, tendons) to produce movement and provide dynamic
stability around joints during static and dynamic tasks.
Impairments in force production are common in patients
with musculoskeletal, neurological, and cardiovascular
conditions/injuries. Impaired force can be related to peripheral
factors and/or central factors. Peripheral factors related to
muscle composition include muscle atrophy, changes in fiber
type composition, and/or changes in pennation angle.32,33

Peripheral factors may also include peripheral nerve injury or
loss of tendon integrity.34 Central factors related to impaired
neural drive include voluntary activation failure, reflex-
inhibition, and altered cortical excitability.35–37

There are various methods to quantify force in a clini-
cal setting. The most common way to quantify force is to
measure peak isometric force production, which can be done
with manual muscle testing or dynamometry. Force/torque
can also be measured through a range of motion and at a
constant velocity via an isokinetic dynamometer or through
repetition maximum (RM) testing. Finally, the rate of force/-
torque development and power measure a person’s ability to
produce force over a given time. Impairments in isometric
strength, isokinetic strength, the rate of force/torque devel-
opment, and power are present in a wide variety of con-
ditions, including athletes recovering from anterior cruciate
ligament reconstruction (ACLR), stroke survivors, and chil-
dren with cerebral palsy.38–42 Additionally, deficits in force
production are associated with altered movements in various
populations; for example, after ACLR, athletes with quadri-
ceps weakness demonstrate decreased knee flexion excur-
sion during the stance phase of gait and greater asymmetry
during landing from a single-leg drop landing task in knee
flexion excursion, peak trunk flexion angle, and peak knee
extension moment.43,44 Also, weakness is present in stroke
survivors45,46 and may contribute to greater impairments
in upper extremity function measured by the Fügl-Meyer
assessment.

Movement alterations after ACLR and stroke are not purely
a result of weakness. Rather, movement alterations in these
populations likely involve impairments in force, motor con-
trol, range of motion, and perhaps energy (eg, peak oxygen
consumption). Evaluations of all 4 elements are needed to
determine the primary impairments contributing to a specific
movement alteration.

Interventions directed at force impairments should be spe-
cific to the impairment identified. For example, weakness
identified through isometric testing or 1RM testing should
be addressed by isolated strengthening of the involved muscle
and dosed appropriately. For example, isotonic strengthening
recommendations include 60% to 70% 1RM, 8 to 12 repeti-
tions, 2 to 3 d/wk; isometric strengthening recommendations
are 8 to 10 maximum effort contractions for 5 seconds at
multiple angles.47 Impairments with isokinetic testing and/or

rate of force/torque development should be addressed with
higher speed movements, and higher repetitions. In addition,
neuromuscular electrical stimulation, when properly dosed,
is effective in improving strength in patients with various
pathologies, including individuals recovering from total knee
arthroplasty, athletes after ACLR, and children with cerebral
palsy.48–50

Energy

Energy refers to the ability to perform sustained or repeated
movements and is dependent on the integrated functioning of
the cardiovascular, pulmonary, and neuromuscular systems. In
addition, energy is strongly influenced by other systems (eg,
endocrine) and psychological factors. Energy impairment is
common across a wide range of pathologies affecting mul-
tiple systems. It is a hallmark symptom of many diseases
affecting the heart and lungs (eg, heart failure, COPD), but
is also common in neuromuscular (eg, multiple sclerosis) and
musculoskeletal conditions (eg, rheumatoid arthritis) as well
as a major consequence of deconditioning and a sedentary
lifestyle.

Physical therapists typically examine energy by assessing
an individual’s response to the performance of sustained or
repeated movement. This can take many forms, from ques-
tions asked during a history (eg, “How many stairs can you
climb before you feel tired?”) to maximal or submaximal51

exercise testing. Peak oxygen consumption obtained during a
maximal exercise test is the gold standard for assessing aerobic
capacity, a key aspect of “energy,” and is strongly related
to a variety of health outcomes52,53 However, the greater
feasibility and safety of submaximal exercise tests make them
much more common in everyday practice. The 6 Minute Walk
Test, for example, is commonly used in physical therapist
practice in a variety of populations, including children and
adults with cardiovascular and pulmonary,54,55 neuromus-
cular,56,57 and musculoskeletal58,59 conditions. Interpreting
the results of these tests requires the physical therapist to
consider not only the performance on the test (eg, the distance
walked in 6 minutes) but also objective (eg, heart rate, blood
pressure) and subjective (eg, rating of perceived exertion,
dyspnea) measures of the individual’s response to performance
of the task. In addition, the rapid growth in the availability
and sophistication of electronic exercise-monitoring devices
(eg, Fitbit, Apple Watch) provides physical therapists with
additional means to assess the impact of energy impairments
on patient movement in their own environment as well as to
prescribe and monitor the response to interventions designed
to improve energy.

Impairment in energy can manifest in a variety of ways
and can include both subjective and objective components.
Subjective signs of energy impairment include increased per-
ception of effort (eg, rating of perceived exertion60), fatigue, or
symptoms of intolerance (eg, dyspnea, dizziness, angina, etc).
Objective evidence of energy impairment includes excessive
physiological responses to the activity (eg, excessive increase
in heart rate, blood pressure, or respiration) as well as inter-
action with other movement system components such as force
or motor control.

Physical therapists typically address impairments in energy
through exercise consisting of the repeated or sustained
performance of a movement-related task. The principles of
specificity and overload dictate that the mode of exercise
(ie, the movement performed) should match the activities in
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6 4-Element Movement System Model

which the individual wishes to improve their performance
and that the dose (eg, intensity, duration, and frequency) be
higher than that to which they are accustomed.61 Compared
with strength training, the exercise used to improve “energy”
(ie, “aerobic” training) typically requires a lower load but a
longer duration. Studies report intensities of 60% to 90% of
heart rate maximum or 50% to 80% of heart rate reserve
for a minimum of 20 minutes to improve measures of aerobic
capacity.62 Physical activity guidelines recommend that adults
do at least 150 min/wk of moderate intensity activity.63

Provided the dose is adequate, the exercise-induced changes
in the cardiovascular, neuromuscular, and other systems
contribute to improved performance, even in individuals
with severe disease in these systems. In addition to improved
performance, aerobic training is associated with a variety
of other health benefits, including reduced pain,64 improved
mood and emotional well-being,65 and greater longevity.66

Motor Control

Motor control refers to the ability to plan, execute, and
adapt goal-directed movements such that they are accurate,
coordinated, and efficient. Motor control is dependent on
receiving and processing task-relevant sensory inputs from
the visual, somatosensory, and vestibular systems and then
selecting, planning, and executing the action to accomplish
task goals. The transformation from sensation to action relies
on the integrity of sensory-motor pathways as well as intact
perceptual and cognitive networks in the brain, including
the cerebellum and basal ganglia. Broadly speaking, motor
control involves feedforward mechanisms crucial for planning
and execution, and feedback mechanisms necessary for adap-
tation of goal-directed actions.67 When feedforward motor
control is intact, performance is efficient and smooth and
occurs with appropriate coordination and timing. Intact feed-
back control also allows efficient adaptation if there is an
unexpected disturbance during performance.

In a clinical setting, motor control is examined through
a careful observation of initiation, execution, and termina-
tion of task performance with specific analyses of movement
quality, coordination, and precision.68 Standardized assess-
ments of gait, balance, and upper extremity function provide
quantitative assessment of motor control.69,70 In addition,
a qualitative examination of effort, symmetry, timing, and
sequencing of different body segments provides crucial infor-
mation to determine the potential source(s) of motor control
deficits.3,71 For instance, although gait speed is an impor-
tant quantitative outcome measure, determining the potential
contributors to abnormal gait patterns (eg, poor propulsion
or knee hyperextension) through qualitative biomechanical
analyses provides appropriate targets to direct additional
examination and intervention. Knee hyperextension observed
in midstance may further prompt the clinician to test the
strength of knee extensors and plantar flexors72 or tightness
of plantar flexors73 or to correct a flexed trunk posture.
Assessment of motor control also involves examination of
adaptive responses to unexpected perturbations. These adap-
tive responses are particularly critical in determining the
integrity of feedback control mechanisms. Finally, motor con-
trol assessment includes examining how sensory and cognitive
deficits, changing task demands, and instructions modulate
motor performance. Abnormal motor control is evident in
central nervous system disorders such as stroke, cerebellar dis-
orders, and Parkinson disease. For example, early after stroke,

individuals learn abnormal movement strategies to compen-
sate for weakness; however, many retain those abnormal
strategies even after weakness is resolved.74 Similar learned
compensations are evident in asymmetric landing and weight-
bearing after musculoskeletal injuries such as ACLR.75 Thus,
abnormal motor control, in many cases, can be thought of
as a “solution” that the nervous system develops and retains
in response to specific impairments of other systems such as
force and range of motion.

Treatment of motor control deficits requires a dual
approach that combines impairment restitution in other
systems (eg, range of motion) with intensive task-oriented
practice. For example, excessive trunk flexion during reach-
to-grasp actions after stroke is a learned compensation
for insufficient shoulder flexion-elbow extension needed to
reach successfully.74 Strength training of shoulder and elbow
muscles combined with intense task-specific practice yields
the most optimal functional upper extremity outcomes.76

It is paramount that task practice is intense and provides
an optimal challenge77 through exploration and feedback
to enhance long-term retention. The challenge during
practice is optimized by altering the demands of the task
and environment, changing the amount of feedback and
assistance, and modifying cognitive effort (eg, addition of
a dual task). Intensity of practice can be gauged using
physiologic parameters (eg, percent heart-rate reserve for gait
training) or rate of perceived difficulty/exertion of practice.
In summary, targeting motor control through movement
analyses, examination, and motor skill practice forms a
cornerstone of physical therapist practice.

Environment and Personal Factors

Environment and personal factors can influence all aspects of
the movement system in various ways, and a full discussion
is beyond the scope of this paper. Personal factors include
items such as age, gender, comorbidities, self-efficacy, confi-
dence, fear of movement, and motivation. Personal factors
that impact movement can be assessed via directed interview-
ing as well as standardized tools. For example, there is an
association between knee and hip kinematics and psycholog-
ical readiness to return to sport (measured via the ACL—
Return to Sport after Injury Scale) in patients following ACLR
during gait and a single-leg landing task.78,79 Environmental
factors include items external to the patient that may influence
movement, such as the support surface or terrain, weather
conditions, and external distractions. Similarly, environmental
factors can be assessed during the patient interview, during
a home or workplace assessment, and/or by evaluating the
individual’s performance of the task in different environments
(eg, indoors vs outdoors on the sidewalk, level ground vs
rocky terrain, etc.). Including the environment and personal
factors in the model is consistent with the ICF15 and also
the description of movement offered by Guccione et al6 as a
dynamic system involving a complex interaction between the
task, organism (person), and environment.

Analyzing Functional Movement Tasks

The 4 key elements of the movement system are typically
assessed by specific tests and measures documenting specific
impairments. However, prior to these tests and measures, we
recommend that a qualitative assessment of the performance
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Figure 3. Application of functional movement task analysis to the movement system within the patient management model. A relevant functional
movement task is systematically observed qualitatively while hypotheses are developed to explain abnormal findings. These hypotheses guide the
selection of specific tests and measures performed during an examination. After functional movement task analysis and specific examination
procedures, a movement diagnosis can be developed. The movement diagnosis should lead to matched intervention strategies and ultimately
reassessment of relevant functional movement task(s).

of a functional movement task be conducted. Common exam-
ples of functional movement tasks would include gait, rising
from a chair, bending, reaching, or gripping. Figure 3 shows
the features of functional movement tasks that are typically
evaluated qualitatively. To assist students learning a systematic
approach to assessing movement, we focus on the following
“observation targets,” summarized by the acronym CASSS:
control, amount, symmetry, speed, and symptoms.

Although it is possible to assess these factors quantitatively,
we recommend that they first be assessed qualitatively by care-
ful observation. We have found focusing students’ observa-
tions on the targets of CASSS helps organize their examination
and develop clinical reasoning skills in a process that becomes
more automatic with practice. It also provides words and a
framework for description when movement appears different
than expected.

Control refers to the smoothness, coordination, and timing
of the movement. Did each joint move at the appropriate
time and in a smooth coordinated way? Amount refers to
the amplitude of movement at each joint during the task.
Did one joint move too much whereas another moved too
little? Symmetry is obviously most relevant for bilateral tasks
such as gait, rising from a chair or bending; however, sym-
metry between limbs could also be assessed for unilateral
tasks. Speed refers to the speed of movement. Was velocity
controlled appropriately with normal acceleration and decel-
eration during the task? Finally, was the movement associated
with symptoms? Symptoms most commonly refer to pain but
may also be things like clicking, dyspnea, fatigue, a sense of
instability, or urinary incontinence with coughing.

Although we advocate initial qualitative analysis based on
observation, mobile device applications that allow a more
quantitative assessment are becoming increasingly available.
These tools can be particularly useful in the analysis of rapid

and/or complex tasks, such as running or jumping. These
applications allow the user to record the performance of
the task, manipulate the playback speed, and determine joint
angles with greater precision to quantify motion and control.
These tools can be used to provide direct visual biofeedback
to patients regarding a movement pattern and can also be
excellent teaching tools to help students focus on specific
aspects of abnormal movement.

The Movement System and Patient
Management

The proposed movement system becomes immediately rel-
evant to practice when situated within the existing Patient
Management Model14 as shown in Figure 3. Along with the
patient history, qualitative evaluation of the performance of
movement during a task should lead to the generation of
hypotheses regarding the impairments within the movement
system elements that may be contributing to “abnormal”
movement. These hypotheses would then be tested by discrete
tests and measures, examples of which are listed in Table 1. In
this way, observation of functional movement tasks can help
guide and direct the physical examination. Functional move-
ment is the final common pathway that would be affected
by an impairment in 1 the 4 key elements of the movement
system. Evaluation of the results of the hypothesis testing
guides the selection of interventions. Although interventions
may often address more than 1 of the 4 elements of the
system and the interaction between them, we have found that
assessing impairments in each of the 4 elements of movement
helps guide selection of matched intervention strategies and
tactics. In this way, we believe our model may offer promise
for a coherent system by identifying which of the 4 elements
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8 4-Element Movement System Model

of movement are primarily affected. These would lead directly
to broad types of intervention strategies.

One of the strengths of the model is that it can be applied
broadly across patient populations. Consider 2 patients with
observed asymmetrical lower extremity loading during a chair
rise task: 1 patient is an 18-year old who is 4 weeks post
ACLR, and the other is a 62-year old who is 8 months
post stroke. The patient with ACLR demonstrated altered
symmetry depicted by a shift of his center of mass to the
nonsurgical lower limb during the task. Two hypotheses for
this observation include a force deficit due to inadequate
quadriceps strength/activation and a motor control issue pos-
sibly due to personal factors (eg, fear) or learned behavior.
The patient post stroke also demonstrated an alteration with
symmetry, speed, and control depicted by slow movements
decomposed into smaller steps and body weight shifted to the
nonparetic side during the chair rise. The hypotheses for both
of these patients could be tested clinically, and then the rele-
vant intervention could be prescribed. Asymmetrical loading
was observed in 2 patient examples; however, the underlying
impairments that potentially led to asymmetry could be differ-
ent. For example, force deficits may be the greatest contributor
to asymmetry after ACLR, whereas motor control deficits
may be the greatest contributor after stroke. Identifying the
underlying elements that potentially contribute to movement
abnormalities provides a rationale for making a prognosis and
identifying specific targets for interventions.

The 4-Element Movement System and
Movement-related Research

A significant focus within movement-related research under-
stands the relationships between impairments and function.
The 4-element model provides concise and meaningful cate-
gories for describing the primary impairments affecting func-
tional activity. Consistent use of these categories may enhance
efforts at understanding relationships between impairments
and function. Because the model also requires consideration
of the environment and personal factors, consideration of
these components in movement-related research will enhance
the applicability of research. Finally, the model may better
inform treatment studies to specify treatment targets and
justify physical therapy interventions.

Limitations

Closely related to the issue of patient management is the use of
diagnostic labels, which our model does not directly address.
This has been a challenge for physical therapists because
traditional pathoanatomic labels typically do not describe or
even correlate with key impairments or functional activity
limitations, which are the focus of rehabilitation interven-
tions.3,9–11,80 Guccione and colleagues6,81,82 suggest diag-
nostic labels for movement problems, often based on impair-
ments and initial conditions, are inadequate and recommend a
greater emphasis on prognosis or “what is likely to happen.”
Although different systems have been described, developing
effective categories and labels to guide clinical practice and
research efforts will remain a long-term challenge.

The proposed model does not offer a specific means of
explaining or managing pain, which is a common reason
patients with musculoskeletal problems seek care. The

model focuses directly on movement and includes only
those elements that are basic requirements to movement
itself. Although pain is clearly a common factor related
to movement, we have only included it by considering
symptoms during functional task analysis. The relationship
between pain and movement is complex and has been studied
extensively with musculoskeletal problems83–85 but is still
not understood well.

Summary

The movement system represents an ideal construct to charac-
terize the unique expertise and identity of physical therapists
within the health care system. The 4-element model defines
critical elements of movement (motion, force, energy, and con-
trol) and sets them inside both the ICF model and the patient
management model that are foundational to our profession.
The model represents an efficient and coherent conceptual
model to guide clinical management and education related to
movement problems that can be applied across a broad array
of patient conditions and clinical subspecialties. It may also
serve as useful guide to future movement-related research.
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