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Abstract
The current biomedical and psychosocial frameworks that form the conceptual basis of medicine
today are insufficient to address the needs of the medically complex and environmentally
challenged populations of patients often cared for by physical medicine and rehabilitation
specialists. The expanded biopsycho-ecological model of health, illness, injury, and disability
operating through mechanisms of Health Environmental Integration (HEI) encourages a more
complete understanding of illness, injury, activity limitation, and participation restriction as
arising at the interface between the person and the environment. HEI recognizes complex
interacting multilevel functional hierarchies beginning at the cellular level and ending at the
individual’s experience of the environment. Although the foci of illness and injury are within the
body and mind, the physical and social environments contain elements that can cause or
exacerbate disease and barriers that interact in ways that lead to injuries and disabilities.
Furthermore, these environments hold the elements from which treating agents, facilitators, and
social supports must be fashioned. The highly integrative biopsycho-ecological framework
provides an expanded basis for understanding the objective causes and subjective meanings of
disabilities. Disabilities are reduced through HEI by seeking to maximally integrate the body and
mind (the self) with both the surrounding physical environment and other people in society. HEI
offers mechanisms for interdisciplinary research, an expanded framework for education and
empowerment, and a blueprint for optimizing day-to-day clinical care at both the individual
patient and treatment population levels in the ever-changing scientific, political, and policy
environments.

INTRODUCTION
As far back as 1747, James Linel carried out an experiment proving that citrus cures scurvy.
Yet he rejected lack of fruits and vegetables as the causal mechanism, embracing instead his
alternative theory of humidity as the primary cause [1]. Lack of available statistical methods
in the 18th century and limited knowledge about establishing causality led, at that time, to
what appears to be a clear misinterpretation of his own findings. Enlightened by scientific
methods today, we can recognize this type II error. It was not until the emergence of Koch’s
postulates, which were established in the late 19th century and commonly perceived as the
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origin of modern Western biomedicine and experimentation, that methods attributing the
causality of illness were established [2].

Western medicine and public health measures during the 20th century were fueled by
concepts of pathophysiology, with specific biochemical deviations informing initiatives in
prevention, diagnosis, and treatment. The body is seen as a physical structure in which
illnesses are explained by single rational predictable causes mediated by molecular
mechanisms [3,4]. Rapid advances in medical technology driven by these biomedical
concepts contributed to the reduction of highly fatal early-life diseases. In the 20th century,
average life expectancy increased 25 years [5], leaving individuals with increased exposure
to the cumulative effects of chronic illness. Recognizing that the presence of biochemical
defects defines necessary but insufficient conditions for the expression of many diseases,
George Engel, an internist and psychiatrist, proposed the biopsychosocial model as a new
organizing principle for medicine [6]. In 1977, Engel wrote,

I contend that all medicine is in crises and further, that medicine’s crises derive
from the same basic fault as psychiatry’s, namely, adherence to a model of disease
no longer adequate for the scientific tasks and social responsibilities of either
medicine or psychiatry. [6, p. 129]

The biopsychosocial paradigm accounts for interactions among biological, psychological,
social, and cultural factors. Biopsychosocial principles informed clinical research in the
1980s and 1990s, as evidenced by increased federal funding and a huge body of published
research on the relationships between stress, depression, immune competence,
neuroendocrine function, cardiovascular and cancer risks, and disease incidence. This
research led to important advances in understanding how stressful events modify personal
vulnerability and the expression of illness [7] and how psychological well-being tends to
protect against illness [8]. Now, more than 30 years after the introduction of Engel’s
transformative ideas [9], medicine is yet again in a crisis for largely the same reason;
namely, adherence to historical models of disease that are no longer adequate for the
scientific tasks and social responsibilities of medicine.

EVOLUTION OF THE BIOPSYCHO-ECOLOGICAL MODEL
The biopsycho-ecological model, inspired by our research on human functioning, evolved
over 2 decades. Early attempts to express the person-machine-environment interface
associated with assistive technology (AT) led to the definition of 4 spheres of self-
fulfillment. The mind and body spheres intrinsic to the person were seen as fundamental to
impairment. The society and the physical world spheres extrinsic to the person were seen as
interacting with impairments to cause disability. AT (eg, in the form of mechanical devices)
operates at the interface between the intrinsic and extrinsic spheres. Effective AT enhances
the person’s potential access to and interaction with society and the physical world [10].
Next, theories of Health Environmental Integration (HEI) were proposed to describe the
ecological mechanisms through which the 4 spheres interact [11]. HEI adopts functional
systems theory [12,13], recognizing that neither the person nor his or her health conditions
can be fully understood without viewing the environment as part of a dynamic system of
which all (ie, people, health conditions, and the environment) are integral parts. Health and
illness occur within ecologies where small perturbations at any level can have large effects
on overall person-level functioning and experienced quality of life.

The biopsycho-ecological model was tested empirically through cross-sectional analyses of
more than 12,000 adults with basic physical limitations such as difficulties standing or
reaching who were living in the community in the United States. After controlling for
physical limitations and other characteristics, the odds of having activities of daily living

Stineman and Streim Page 2

PM R. Author manuscript; available in PMC 2011 April 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(ADL) limitations were 3.7 times greater in persons who perceived that they had unmet
needs for accessibility features in their homes than in those who did not perceive such needs
[14,15]. The biopsycho-ecological model formed the foundation for functional independence
staging and recovery preference exploration (RPE) [16]. Functional independence staging
defines hierarchical thresholds of Functional Independence Measure (FIM) [17] functioning
that stratify populations according to measured severity and types of disability [18,19],
whereas RPE, a thought experiment, addresses the quality-of-life implications of disability
[16].

The Oxford Dictionary of Public Health [20] defines theory as “a belief system based on
observation and supposition, …., and experiments, including thought experiments.” All
theories are subject to tests of validity and change. When theories change in ways that
stimulate innovation, a field undergoes a paradigm shift. Verville and Thomas [21] recently
suggested that the American Academy of Physical Medicine and Rehabilitation serve a
leadership role in quality of care research addressing functioning. In addition, Kristi
Kirschner, in her recent editorial on health care reform, suggested that rehabilitation
medicine can lead in promulgating the biopsycho-ecological model of medicine [22]. In
response, this article presents theories underlying the biopsycho-ecological model,
illustrating its evolution and foundation for our research on human functioning during the
past several decades [10,14,15,19,23]. Potential applications to clinical practice and research
in physical medicine and rehabilitation (PM&R) are highlighted.

THE BIOPSYCHO-ECOLOGICAL MODEL
The biopsycho-ecological model is intended to be crosscutting and relevant to all health
professions, synthesizing concepts from physiatry, medicine, psychiatry, geriatrics, and
other medical fields, as well as physical therapy, occupational therapy, nursing, psychology,
gerontology, neurobiology, rehabilitation sciences, phenomenology, dynamic systems,
medical models of disability, social models of disability, empowerment, and advocacy
[16,24–48]. Here, we focus primarily on applications in PM&R.

Although biopsycho-ecological principles can be illustrated by any number of disability
frameworks [19], the International Classification of Functioning Disability and Health (ICF)
terminology was selected because of its worldwide dissemination and extensive lists of
environmental barriers and facilitators [49]. According to the ICF, functioning is “an
umbrella term encompassing all body functions, activities and participation” and disability is
an “umbrella term for impairments, activity limitation and participation restrictions” [49, p.
3]. These terms are defined in Table 1.

The biopsycho-ecological model expands on the biomedical and the biopsychosocial
models. First, it adds the physical environment as a fourth interacting element to the
dynamic interactions of the body, mind, and sociocultural variables presented by the
biopsychosocial model. Second, it postulates that hierarchies of the cellular, body tissue,
organ or organ system, person, and environmental elements interact to drive physiological
processes and determine personal life worlds reflecting the micro and macro levels of
functioning, respectively. Third, it distinguishes between population and person levels of
analyses. Fourth, it recognizes objective standardized measurement of activity limitation as
distinct from its subjective qualitative meaning [50].

Physical Environment as a Fourth Interacting Element
The biopsycho-ecological model, as with earlier models [10,33,49,51], recognizes
functioning as an interaction between impairment (arising from health conditions) and the
environment. Examples of linkages between the environment and health abound [32,52–60].
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Evidence linking the built environment and functioning also is growing [14,61,62]. Elderly
persons with physical limitations who were living in communities and were rated as having
high mobility barriers [61] were twice as likely to experience limitations in their daily
activities. Studies of the social capital within neighborhoods identify linkages between the
social and physical worlds within which people live. People who live in walkable, mixed-
use neighborhoods where they can easily get to markets (in contrast to car-oriented suburbs)
were more likely to know their neighbors, to trust others, and to be socially engaged [57].
Finally, lack of accessibility features in the home was associated with ADL limitations
among persons with physical limitations [14].

Levels of Functioning (Theoretical Mechanism)
HEI expresses enablement and disablement as occurring through dynamic interactions
between a person’s intrinsic status of body and mind and the barriers and facilitators in his
or her surrounding physical world and society. There are 3 fundamental ecologies: external,
internal, and global. External ecology is measurable person-environment interactions and
functioning that defines an external life space. Internal ecology encompasses the subjective
inner-life world, which is the personal meaning of that functioning conceptualized as
internal life space. Global ecology is the functional interaction of humankind with the
biosphere.

At the person level, “Health Environment Integration (HEI) determines how a person is able
to function and integrate him or herself within particular physical and social environments
[63].” Impairments interacting with physical and social barriers and facilitators delineate
potential for functioning in external life space. Life space shrinks as access to the physical
and social environment declines (ie, disability increases). Life space expands as the
individual experiences greater access to the physical environment and more connections
with others (ie, disability decreases). In contrast to the external ecology, internal ecology has
no direct connections to the material. Subjective quality of life [64] and meaningfulness may
represent the closest measurable concepts. External and internal life space in combination
determines the theoretical HEI quantity, which includes both measurable and less-
measurable aspects of human experience and participation as represented by the interacting
area shared by all 4 spheres (Figure 1).

HEI reduction or expansion occurs in response to the interactions among and within 5
hierarchical functional systems: molecules, cells, organs, whole persons, and environments
environments (Figure 1). The systems selectively bring in elements from other levels [13]
through processes of “homeostatic integration between the organism and the environment.”
These actions define response mechanisms to illness across maximally objective dimensions
essential to the advancement of biomedical sciences [65,66] and also those more abstract
expressions and personal reactions to disease that currently lack absolute linkage to biology.

As observed by Descartes in the 17th century, the body is recognized as material and formed
from measurable elements [67]. The mind is immaterial, referring to personal psychological
reactions, feelings of stigma or empowerment, spirituality, and the shaping of self-concept
through meanings. Although the mind and body are conceptually distinct, they are also
functionally integrated, as in the biopsychosocial model. Psychological states influence the
expression of somatic illness [68]. Somatic conditions affect psychological states. Also, the
internal dynamics of cognitive and affective functioning operate as complex systems within
the environment [69]. Consequently, measurable imbalances between activating and
inhibiting neural groups occur in the body sphere (brain) that appear to explain affect [70].
Recent evidence suggests that even tasks such as decision making can be mapped to specific
brain areas [71]. Yet the quality of daily lived experience—of being present in one’s mind,
experiencing love, seeking recovery and restoration of emotional homeostasis after loss, and
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the ongoing processes of building a personally meaningful life— can never be fully
explained. The mind, as opposed to the brain, represents the nonmeasurable immaterial
experiences of being human that seem to remain beyond the reach of inferential logic or
modern scientific inquiry.

Hierarchies within the human organism are built on principles of multiparametric
interactions [13]. Molecules, cells, organs, and whole persons operate as complex nonlinear
systems constantly exchanging matter with the environment at all levels. Health and illness
reflect lower level interactions among these complex systems. Functional status at a higher
level constantly evolves as the individual moves through and integrates with the
environment. A positive state of HEI is realized when optimal health and productivity is
achieved in harmony with nature, which both sustains the individual (or population) and the
local environment (or biosphere).

Concepts of disability can be expressed broadly across medical-oriented and social
disability– oriented models at various levels of the hierarchy. Medically and socially
oriented concepts map into ICF terminology, which recognizes historic clashes between the
orientations but also the importance of integrating them so as to achieve a more coherent
view of health from biological and social perspectives (Table 1) [49]. Medical sciences,
including PM&R, are informed by level 1. Practice tends to intervene mostly at the middle
of the hierarchy (at levels 2, 3, and 4). A full understanding of disability and its optimal
management requires level 5, bringing in built and natural environments, autonomy,
empowerment, human rights, and broader issues of ecology. The 5 levels of functioning are
as follows:

Level 1—Basic sciences begin at the largely genetically determined microscopic and
mechanistic level of molecules. Biomarkers expressing various types of pathology are
applied diagnostically, and mechanisms of pharmaceutical agents are determined. There are
basic science questions fundamental to PM&R. The simple motion of kicking, for example,
occurs through multiple complex dynamic control mechanisms between the brain and body
that need to be activated in perfect sequence and timing across multiple joints [72].
Functional tasks depend on the coordination of many such simple motions.

Level 2—Level 2 consists of illness and injury (health conditions) resulting from
pathology.

Level 3—Level 3 consists of organ-level dysfunction of the body resulting from health
conditions. Organ impairments are the primary determinant of disability according to the
biomedical model. Impairments cause symptoms including motor, sensory (eg, vision and
hearing loss), pain, cognitive, or behavioral change, energy reductions, or other
manifestations. Impairments can (but do not always), limit activity or restrict participation.
Prosthetics in PM&R compensate for organ loss. For example, brain-operated
neuroprostheses can aid paralyzed individuals through brain-robotic interfaces [73]. The
mind, which is distinct from the brain (a part of the body), by its nature relates to the
nonmeasurable and difficult-to-explain aspects of the human experience. The internal life
world of the mind creates personal landscapes of thoughts and meanings. Not directly
accessible to the outsider, the mind constantly reacts to perceived status of self relative to
body states and environmental experiences.

Level 4—Activity and participation represent the level to which most occupational and
physical therapy interventions are targeted. Activity limitations and participation restrictions
represent common pathways caused by diverse types of sensory, cognitive, or motor
impairments. Activities within traditional measures, for example, the FIM [17], can be
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grouped into domains whose accomplishment depends on distinct anatomic areas or organ
systems [74]. Within such domains, person-level functioning tends to follow hierarchies
driven by the underlying order through which people tend to lose and recover abilities [75].
In motor as well as in neurodegenerative disorders, loss of function tends to occur in the
reverse order in which it is acquired during neonatal development [75], a phenomenon
described by the term “retrogenesis” [76].

Observed functional hierarchies led to several approaches to staging activity limitation by
applying profile thresholds [18,77] and Item Response Theory (IRT), respectively [78]. The
lowest stages in any dimension begin with the acquisition of tasks that depend on basic
motor, sensory, and cognitive integration. Within the ADL dimension, for example, eating is
the most basic stage. Recovery of more complex culturally learned activities, such as
bathing, does not occur until higher stages. Environmental influences increase with
complexity of activities. The ability to bathe, more than the ability to eat, depends on
balances between barriers and facilitators such as the presence or absence of grab bars or the
size of the bathroom. Whether an architectural feature becomes a barrier depends on
impairment.

Level 5—Environment reflects a person’s living space in society and the physical world.
According to the social model of disability, the problems faced by individuals are not solely
related to the person [79]. Disadvantages associated with disability are seen as largely
socially imposed. The sociological sphere includes socioeconomic resources, significant
others (eg, family, friends, peer groups, and cultural groups), health professionals and larger
social institutions (such as the health care system), and society at large. Culture, social
attitudes, and relationships help shape self-concept and the ways people participate and
experience illness and disability. Abundant evidence also suggests the importance of
psychosocial factors in the expression of illness [80–82]. Intersections among the 3 spheres
—the body, mind, and society—represent the biopsychosocial model, which is widely
accepted as the most heuristic approach to understanding illness and disability today [49].

The fourth physical environment sphere completes the biopsycho-ecological model. There
are partial hierarchies of matter, objects (natural and man-made), vistas, climatic conditions,
the biosphere, and beyond. Interactions among biological, psychological, sociocultural, and
environmental elements determine physical and mental functioning, and by delineating the
particular conceptual spaces, a person is able to access and experience life over time.
External life space expresses the external life world of HEI, a theoretical quantity akin to
activity space [51]. Physical life space is measurable and recordable in diary format [83] or
diagrammed for particular locations, such as a patient’s home (Figure 2). A life space
diagram is an architectural sketch indicating barriers and facilitators. The space and the
fixtures the person can use are shaded. Diagrams over time can show the effects of barrier
removal, the addition of facilitators or assistive technology, or the progression of
impairment. Social life space is the interaction and the integration of self within a personally
meaningful and supportive social network. Social stressors, stigma, and cultural stereotypes
restrict social life space. Physical and social life spaces define the ecology of personal
experience.

Population Versus Person Level Analyses
Evidence-based medicine focuses on standardization and the reduction of questions into
cleanly testable problems. It gains its power by averaging covariates and outcomes across
large populations. Many questions of importance to PM&R need to be addressed with
population-level methods, such as randomized trials or observational studies. The future of
PM&R depends on establishing evidence of clinical effectiveness through such methods.

Stineman and Streim Page 6

PM R. Author manuscript; available in PMC 2011 April 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Theories of HEI offer theoretical mechanisms for addressing how person–environment
interactions drive population recovery. In contrast, clinical practice requires appreciation of
individuals. If persons are to live successfully in the community after hospitalization for a
disabling illness, projections of their eventual functionality must occur within the contexts of
their home architecture and available social supports. Providing meaningful consultation and
developing an individualized plan of care for those who receive care in an inpatient
rehabilitation facility will be particularly challenging for people who will be living alone
[42].

Standardized Versus Subjective Measures of Activity Limitation
The full specification of activity limitation must include severity, the types of tasks that are
limited, and meaning. IRT-based measures, stages, grades, and summed scales have all been
proposed as alternative expressions of instruments that apply severity, such as the FIM
[17,18,77,78]. Research is needed to optimize applications. Summed scales are easy to
calculate and understand, but the activity limitations producing the score are obscured in the
scoring [74]. IRT-based measures incorporate concepts of item difficulty and through item
banking can expand the breadth of measurement by reducing floor and ceiling effects [84].
As with summed scores, the particular activity limitations producing the value are obscured,
although an underlying hierarchy is inferred.

Severity is easily measured for single activities. Clearly, inability to walk is a more severe
limitation than the need for minimal assistance to walk. With comparisons across activities,
it is difficult to discuss severity. Who is to say whether the need for minimal assistance to
walk represents a disability of equal severity to the need for minimal assistance to manage
bladder functions? And when a person has different levels of disability across multiple
activities (eg, requires maximal assistance to walk but only minimal assistance with
dressing), how should we summarize the overall severity of disability?

Stages and grades address these problems by defining homogeneous groups of patients with
similar types and severities of deficit within domains of related activities by explicitly
defining achievement thresholds [77,78]. After a stage is reached, by definition, a person is
functioning at or above a specified level for each component activity. Empirically derived
stages within a domain reflect an ontology beginning with activities requiring the least and
ending with activities requiring the most complex motor, sensory, and cognitive integration.
Strong agreement between stages and IRT item difficulty calibrations independently
supports concepts of an underlying biologically and sociologically based hierarchy of
function [18,85].

People have varied profiles of disabilities, according to the performance levels that we can
measure and the values and meanings that we are ill-equipped to measure. Disability can be
analyzed by addressing the patient’s status across and between each HEI sphere and thinking
about how that status might influence self-concept given the patient’s sociocultural and
physical life space [14,86]. The sphere intersections show points of disability production
(Figure 1). Overlap of the mind and body expresses impairment or health. Overlap of the
physical world and society signifies environmental barriers and facilitators. Overlap of all 4
spheres indicates activity and participation. In theory, any activity limitation or participation
restriction will have at least small contributions from each sphere. The resulting integration
of body-mind-society-physical world contributes the substrate from which the personal
landscape of thoughts and meanings emerge. Although it is not directly accessible to
clinician “outsiders,” inductive reasoning in contrast to typical logic-based deductive
reasoning is necessary to glimpse the internal life worlds of people with disabilities.
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PM&R professionals are trained primarily in deductive rather than inductive reasoning. Yet
if it is to be effective, successful rehabilitation, more than any other intervention, must be
patient-centered, and empower the patient so as to uncover his or her internal ecology of
meanings [47]. After catastrophic illnesses and injuries, patients forfeit life control to health
care professionals. Rehabilitation involves patients taking back control and reorganizing
their lives. A first step is to understand the idiosyncratic meaning of loss. The need to
uncover ecological meanings led to development of the RPE [87], which is founded on
principles of phenomenology [37].

RPE is an evolving, clinician-guided computer game intended to focus on the meaning of
functional deficits. The player (ie, the patient, a family member, a clinician, or another
person) is asked to imagine total dependency in many activities and then to imagine his or
her patterns of recovery [23]. The procedure [87] deepens the player’s understanding of
disability and the clinician’s understanding of the player’s internal life world. Studies with
RPE indicate that patients undergoing inpatient rehabilitation tend to desire recovery
pathways that are different from those desired by rehabilitation professionals [23,88–90].
Through enhanced insight and communication, results may help reduce conflicts around
goal setting and discharge planning [91].

APPLYING BIOPSYCHO-ECOLOGICAL PRINCIPLES TO PM&R PRACTICE
Theory informs practice. HEI theories encourage clinicians to recognize interactions among
the body (health and impairment), the mind (subjective reactions), society (available
supports and stressors), and the physical environment (barriers and facilitators). HEI can
improve clinical decision making and enhance meaningful communication by recognizing
the rich contexts that define patients’ lives. Assessment and care organization occurs
according to the 4 spheres and their intersections.

The following hypothetical cases derived from the authors’ clinical practices illustrate
adverse outcomes related to HEI failure because of inadequate environmental assessment.

1. A 70-year-old man who previously played professional ice hockey and, as a result,
had severely arthritic shoulders is referred to a physiatrist after being placed in a
cast for a noncomplicated fracture of his left foot. Because he has a single
uncomplicated fracture, he is not believed to be a candidate for inpatient
rehabilitation. The surgeon discharges him to his 2-story home with instructions to
use crutches and do no more than toe-touch weight bearing. The man has difficulty
with the crutches because of his shoulders and falls while attempting to go upstairs
to his bathroom.

2. A 39-year-old previously independent woman who is obese and has a previous
history of depression becomes wheelchair dependent after a multiple sclerosis flair.
During her hospitalization a resident physician checks off on a form in her medical
record that there is a bedroom, bathroom, and kitchen on the first floor of her home
with steps to enter the house. She is discharged to her husband’s care and is carried
up the entry steps of her house by ambulance drivers. However, she is no longer
able to enter her kitchen or bedroom because the doorways are too narrow to
accommodate her large-size wheelchair, as illustrated by the physical life space
sketch in Figure 2. She sleeps on her living room couch, is limited to the use of a
powder room, and can no longer get prepared food from the refrigerator. Her
husband now must maintain his outside employment as well as the home. Within
several months the marriage is strained, the couple’s preteen children are having
academic difficulties, and she is rehospitalized with profound recurrent depression,
markedly increased spasticity, and incontinence.
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As patient and environmental complexity increase, an ecological approach becomes
increasingly essential. Figure 3 shows a simplified sketch of HEI for the woman in case 2,
visualizing interactions among the 4 spheres. For each activity, limitation, and participation
restriction, the clinician analyzes impairment and environmental contributions. For example,
neurologic impairment is causing urinary incontinence that is made worse by the increased
time required for her to transfer safely onto a toilet without grab bars. The patient’s
perceived lack of privacy is another potent example of confluence of effects across spheres.
Her neurologic impairments interacting with specific architectural barriers are restricting her
external life space, forcing her to sleep in the living room. Lost privacy, embarrassment, and
boundary violation exacerbate her depression. Her depression has both somatic (body) and
mental (mind) components. These components may affect her physical health, mental
health, and desire to participate in life activities. Her circumstances disrupt the family’s
normal use of the living room and, more importantly, the directions of their lives. The
quality of her social support network declines, contributing to a downward spiral toward
rehospitalization.

In a resource-restricted environment, the questions change from what we can and cannot do
for patients to what, given available physical and social resources, is the most efficient
combination of interventions for enhancing HEI. Biomedical treatments (ie, optimizing
pharmacologic management of her depression and spasticity) will be synergistic with
ecological interventions (ie, enhancing the person-environment fit and providing supportive
counseling to the patient and family).

Perceived increases in time and expense might be seen as barriers to PM&R’s adoption of
the biopsycho-ecological model. The growing demand for more holistic approaches to
medical practice that began in the 1990s was stimulated primarily by patients’
dissatisfaction with reductions in time spent with physicians [92]. This demand is ever
present, as time pressures have become even greater during the past decade and can only be
expected to accelerate. We cannot change time pressures, but we can alter the paradigms
that guide practice in an effort to use available time more meaningfully. HEI theory calls for
shift toward a more holistic multifactorial way of thinking about patients. It does not take
more time to think more expansively [93]. A conceptually grounded synthesis of
information from essential elements across the 4 HEI spheres ultimately may save time and
resources and increase the patient’s quality of life. The physical qualities of the home
environment were completely missed with catastrophic results in case 1. Although the
physical environment was considered in case 2, interactions with the patient’s impairments
were not addressed. Knowledge of home environmental features must be linked to specific
aspects of the patient’s impairment to be meaningful. The question becomes, how do
specific architectural features interact with particular impairments to limit activity and
restrict participation? Similarly, how do patient’s social networks and internal mental
responses influence motivation and experience? Finally, integrating all assessments, what
person-level versus environment-level systems are best targeted for change? Yet it is
important to acknowledge that physicians and other health professionals currently have
limited control of the money and resources necessary to secure environmental modifications.
Also, unfortunately, obtaining long-term, home-based supportive services for those without
willing and capable family members can be extremely challenging.

According to the 2010 coverage policies of the Centers for Medicare and Medicaid Services
for inpatient rehabilitation facility care, rehabilitation physicians must document
concurrence with the findings and results of preadmission screening before patient
admission [94]. The physician must synthesize and take responsibility for the individualized
overall plan of care [95]. In doing so, it is essential to be able to estimate length of stay,
medical prognosis, expected functional outcomes, and discharge destination. Such
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projections will be made more accurate through more careful consideration of the multiple
dimensions of disability causation, including projective interactions of personal traits and
impairments with the physical and social environments to which patients are to be
discharged.

CONCLUSIONS
A risk in applying the biopsychosocial model is that concepts of straightforward causation
and treatments established through the biomedical model can be blunted [4]. The biopsycho-
ecological model, which is even more integrative, attempts to reduce this risk by
distinguishing among distinct functional levels. Thus it fully embraces and honors advances
continuing to be made through applications of biomedical principles. It recognizes the
importance of pathogenesis, the adherence to standardized measures, and reductionistic
scientific principles essential to establishing and maintaining evidence-based medical
practice. It further incorporates advances from the biopsychosocial model with respect to the
recognized impact of sociological factors. Finally, HEI honors the voice of individuals with
disabilities and their advocates and the need to address environmental barriers, championed
by the social model of disability and the ICF.

The biopsycho-ecological model of HEI recognizes illness and disabilities as arising from
interactions between mental and physical characteristics and the physical and social
environments. The intersections of these spheres provide a broad context beyond the
medical condition for reflecting the multiple ways that disability is produced, measured, and
perceived. It further distinguishes 5 levels of functioning, including cellular, body tissue,
organ or system, person, and environmental experience. With this framework, the process of
HEI at the most integrative levels determines both an individual’s objectively measurable
activity limitations (external ecology) and the subjective meaning of that status (internal
ecology). These ecologies delineate an individual’s life spaces within his or her internal and
external life worlds.

Measured activity limitation along with the analysis of local environmental barriers and
facilitators quantify external life space. RPE, in contrast, is applied to understand space
within an individual’s internal life world, assaying the dimensions of meaning. Thus
measured, activity limitation and RPE can be seen as parallel but distinct metrics that both
operate to explain the same phenomenon (functioning) through objective and subjective
lenses. Intended as tools of knowledge and empowerment staging, life space diagrams, HEI
sketches, and the RPE procedure are examples of approaches that might prove useful in
medical education, research, and clinical practice.

The clinical and research challenge for PM&R is to uncover the interventions at all levels of
the hierarchy of functioning that can enhance the HEI of individual patients and populations.
Future research will be necessary to explore internal and external ecology. Such research
holds the promise of guiding PM&R toward incorporating the ideals of Empowerment
Medicine [44,47] (ie, the art and science of helping people regain the power of self-
determination and independence).
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Figure 1.
The biopsycho-ecological model of health environmental integration. The overlap between
the body and mind constitutes the biomedical model and the overlap of the body, mind, and
society represents the biopsychosocial models. The intersection of all 4 spheres of the body,
mind, society, and physical environment represents the biopsycho-ecological model.
Activity and participation, which is constrained by interactions between the individual’s
intrinsic health states and the external life world, occurs at the 4-way intersection. This area
of reciprocal interactions encompasses objective activity limitation (type and severity as
measurable constructs) and its subjective implications (meaning). Presumed determinants of
ability and distinct causes of disability contribute to the ecology of human experience and
define available life space as indicated by arrows. Modified, with permission, from reference
[63].
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Figure 2.
A physical life space sketch of the home of the patient in case 2 as might be drawn by an
occupational therapist or other physical rehabilitation team member after obtaining simple
measurements and descriptions from family members. The shaded area quantifies the space
to which the patient currently has access. The diagram could be used to conceptualize the
essential environmental modifications, adaptive equipment, or assistive technology that
would be necessary to increase this patient’s physical life space within her home.
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Figure 3.
Annotated HEI diagram for case 2. Key elements from the patient’s history, physical
examination, and clinician observations are listed according to each sphere. The overlap of
the 4 spheres depicts the etiological factors contributing to disability. When viewing the
diagram, the clinician seeks to uncover and treat remediable physiologic and environmental
elements according to each activity limitation and participation restriction.
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Table 1

The hierarchies of functioning: the medical model, the social model, and the ICF taxonomy

Levels*

Medical Model
Terminology, Examples,
and Concepts

Social Model Terminology
and Concepts ICF Terminology†

Level 1 (molecular or
cellular)

Genetic predisposition, pathology,
cellular injury, allostatic load,
subclinical cellular dysregulation

NA NA

Level 2 (body tissue) Diagnosis of illness or injury (mental/
physical, morbidity)

NA “In the context of health”

Level 3 (organ or
system)

Physical impairment, functional
limitation, reduced reserve, cognitive
impairment, organ or system-level
dysregulation

Aspects of a person’s mind or
body that do not function
normally (including lack of
motivation, initiative,
engagement)

Body functions are the
“physiological functions of body
systems, including psychological
functions”

Body structures are “anatomical parts
of the body such as organs, limbs and
their components”

Impairments are “problems in body
function or structure such as
significant deviation or loss”

Level 4 (whole organism
or individual person)

Frailty at the organism level, disability,
reduced resiliency or energy, inability to
perform ADLs/IADLs at the organism
level

Disability as a disadvantage Activity is the “execution of a task or
action by an individual”

Activity limitations are “difficulties
an individual may have in executing
activities”

Participation is “involvement in a life
situation”

Participation restrictions are
“problems an individual may
experience in involvement in life
situations”

Level 5 (environmental
experience)

Pathogens and hazards in the
environment

Barriers, loss, or limitation of
opportunities resulting from
direct or indirect
discrimination

Social and physical environmental
barriers and facilitators

ADL = activities of daily living; IADL = instrumental activities of daily living; ICF = International Classification of Functioning Disability and
Health; NA = not applicable.

*
Functional level 1 applies basic science in efforts to understand and improve medical and surgical management of levels 2 and 3. Levels 3 and 4

are the primary focus of physical medicine and rehabilitation, and level 5 needs development and exploration.

†
From World Health Organization. International Classification of Functioning, Disability and Health: ICF. Geneva, Switzerland: World Health

Organization; 2001 (pages 3 and 10).
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