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ABSTRACT the symptoms associated with it. Chiro-
—_ . . practic literature has emphasized the effects
Objective: To provide a rationale for the . .
S . of vertebral subluxation on neurologic dys-
examination of posture from a dynamic . P .
. . function. Vertebral subluxation is a condi-
(behavioral) perspective and to relate the . . . .
- . . tion that is postulated to interfere with neu-
vertebral subluxation to postural instability . .
and motion sickness via inefficiency rologic processes and may influence organ
’ system function and general health. As in the
Data Collection: A manual search of available case of motion sickness, symptoms are non-
reference texts and a computer search of litera- specific and variable (and in some instances the
ture from Index Medicus, PsycINFO, and ISI person may have no symptoms). So what do these
Science Citation Index Expanded were collected with disorders have in common? In each instance the dis-
an emphasis on postural dynamics, vertebral subluxation, and ruptions lead to inefficiency in the system.
motion sickness. Conclusion: Given this potential commonality, we propose that
Results: Evidence linking behavioral and health research has ~ some of the methods used by behavioral researchers to study
emerged from the study of posture and postural dynamics. ~ Postural dynamics may also be of great utility to health care
Studies examining the relation between postural control and ~ practitioners and psychologists alike. Furthermore we propose
motion sickness have shown that motion sickness is preceded that this link will provide a framework that will allow scientists
and predicted by postural instability. Motion sickness is charac- ~ to address seemingly intractable problems such as motion sick-
terized by maladaptive response to unusual motion events. The  niess or subluxation. (J Manipulative Physiol Ther 2001;24:
symptoms are nonspecific and variable. Although the Postural ~ 340-9)
Instability theory of motion sickness predicted that instability Key Indexing Terms: Posture; Motion Sickness; Biomechanics;
should precede sickness, it did not make any claims regarding  Dysponesis
INTRODUCTION

Chiropractors have long been concerned with the rela-
tionship between postural alignment and its association with
symptom generation'? and its effects on health. Posture has
been assessed during lying,? sitting,* standing,>”” lifting,?
working,” walking,!? daily routine performance,'! and run-
ning,'? to name a few. Postural stress has been correlated to
office work,!? work lifting injuries,'* driving,'> sitting,'6
space flight,!” sports injuries,'® and back pain.!'® Current chi-
ropractic education places emphasis on the structure and
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function of the neuromusculoskeletal system in health and
disease. The importance of posture is recognized within this
context; however, there is another perspective on posture
that may also aid in the promotion of health. This perspec-
tive comes out of the psychological literature in which pos-
ture is treated as a fundamental behavior that serves to facil-
itate the completion of other behavioral goals.

Traditionally, posture has been characterized in the chiro-
practic field as a form of biomechanical linkage (attitude) in
terms of musculoskeletal symmetric relationships between
segments; this is indicated by the work of Harrison et al,?0-22
who have extensively modeled posture in engineering terms
as rotations and translations of the head, thoracic cage, and
pelvis in 3 dimensions. In this article we take a different
approach, treating posture not as a particular alignment of
segments per se but instead as a dynamic behavior whose
goal is to facilitate other overt behaviors (actions) that we
perform. Taking this perspective yields a number of new
issues and factors to be addressed that would not be obvious
from the traditional viewpoint. This alternative view also
allows for the generation of new assessment and research
techniques in addition to the ones currently used. Our pur-
pose in this article is to illuminate some of these issues with



the hope that it will stimulate research into the relationship
between chiropractic and postural control from a behavioral
perspective.

We would like to elaborate on basic research that has
been done on postural dynamics in relation to one’s behav-
ior and link these findings with those of chiropractic sublux-
ation to illustrate the potential impact of postural control on
health and well-being. We use posture in this review as a tar-
get behavior (given its fundamental role in executing subse-
quent actions), but the principles discussed hereinafter can
be applied to a wide variety of behaviors. Several articles
discuss the importance of posture throughout the life of an
individual.?*?> Postural control is necessary in child devel-
opment including motor, perceptual, cognitive, and social
development.?? Postural control is also seen as a means to
study the aging process and its subsequent ill effects such as
falls resulting from reduced stability.?> Because of its role in
development, dependence on multiple organ systems, and
its continuous need for accurate regulation, human posture
and the behaviors it facilitates may represent an ideal con-
struct for use in the measurement of health and wellness.

DISCUSSION

Biomechanics of Posture

The upright human body behaves like an inverted pendu-
lum in that it is passively unstable.?® On being disturbed,
passively stable entities such as a normal pendulum will
eventually return to their original or resting state without
expending energy. In contrast, passively unstable objects,
such as a pencil stood on end, on being disturbed will devi-
ate further and further from their resting state and will even-
tually topple over (again without energy expenditure).?6-28
Passively stable entities do not have to actively regulate
themselves to achieve stability, but passively unstable enti-
ties such as bipedal humans do. In other words, without
active control on the part of the person, the body would sim-
ply topple over. The control of posture is further complicat-
ed by the fact that humans are not composed of a single
rigid structure; rather, we are a set of linked segments.26-28-30

At this level the immediate goal of nonlocomotive pos-
ture appears to be to keep the center of mass (of the body)
over the base of support with respect to relevant forces act-
ing on it (eg, gravity).2° More precisely, the task undertaken
by the postural system is the maintenance of equilibrium
(balance: often characterized as the ability to maintain a sta-
ble position?%) with respect to gravito-inertial force, the vec-
tor sum of the forces resulting from gravity and accelera-
tion. Given the relatively small base of support afforded by
the feet, it becomes evident that the task of keeping balance
is paramount for posture. In fact, this is often stated as being
the biomechanical purpose for static (nonlocomotive) pos-
ture.?831-33 This equilibrium is achieved by keeping the cen-
ter of mass (or more properly force) in line with the base of
support (feet).

However, posture must also account for the multisegment
nature of most creatures (humans in this case). In upright
stance it is necessary to balance with respect to gravito-
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inertial force, but it must also maintain the balance of the
segments in the body as well. Maintenance of both is not
necessary for all forms of posture; nonerect or stooped pos-
ture is balanced with respect to the body but not (necessari-
ly) gravito-inertial force.?? This description illustrates the
fact that the multisegmental nature of the human body
allows for the assuming of different states of equilibrium
(stable or unstable?%). In the case of motion, this is further
complicated by the fact that the arrangement of the seg-
ments changes, in turn producing a change in the center of
mass (at least to some degree) that must also be controlled.*

It appears that the task is the same in instances of locomo-
tion or activity. However, the equilibrium in these situations
is a dynamic one, specified by a goal state rather than a par-
ticular point or area.?®3 This is due to two major differ-
ences that exist during locomotion, the first being the fact
that the center of mass is never directly above the base of
support. Second, the base of support itself is constantly
changing (from step to step, for example). Throughout these
situations it remains the case that the task is to maintain
some goal state; biomechanically, this state consists of bal-
ancing out the forces impinging on the body to remain
upright. Another feature of posture is that it is a control min-
imization process; that is, posture will always use the most
efficient (mechanically or metabolically)3** method of con-
trol, reducing the amount of energy required to maintain
balance.?%-30

It is possible from this discussion of the biomechanical
purpose of posture to derive a more general biomechanical
definition of posture. Posture is a mechanism that acts to
keep the body (center of mass) in equilibrium with the rele-
vant forces acting on it using the least amount of energy.3°
This statement, although biomechanically accurate, is prob-
lematic in that it leads to the inference that posture has the
express and sole purpose of keeping the body upright.3® We
propose that posture serves a larger purpose than simply
keeping the body upright. In the next section we will recast
posture in this larger context by considering posture itself as
a behavior.

Posture from a Behavioral Perspective

“Behavior depends on posture and is inseparable from
it.”37 It is important to note that the control of posture itself
is a behavior. Posture is something that is done by the ani-
mal, not something that happens to it.>® In other words, pos-
ture is not maintained for its own sake; rather, posture is
maintained to facilitate other actions.3%38 The implication of
this finding is that posture is a means to an end, not an end in
itself. In light of this, the traditional assumption that posture
is a static nonbehavioral attribute of upright humans must be
changed to reflect this factor. The idea that posture serves as
a facilitator for other behaviors can readily be observed in
the act of locomotion. Upright stance allows for the initia-
tion of bipedal locomotion (walking); other postures will
not. A stooped posture will facilitate picking something off
the ground or sitting, whereas an upright posture will not.
Another important point to be considered is that goal behav-
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Fig 1. Hip-ankle configuration plane for upright stance. A, Region
of tolerance; B, region of reversibility (idealized). Adapted from
Nashner and McCollum?® and Riccio and Stoffregen.’’

iors often involve postures that violate biomechanical equi-
librium. This is in direct conflict with a strictly biomechani-
cal definition of posture. An example of this is leaning.
When a person leans, either to look at something below him
or her or to do some other task specifying the need to lean,
biomechanical balance is compromised but not lost, even
though the center of mass is no longer above the base of
support.30:39:40

Behaviorally, posture has been presented previously as
any given arrangement of the body, whether static or dynam-
ic, that facilitates other suprapostural activities.>3® However,
a truly functional model of posture and postural control must
account for the joint constraints of behavior (goals) and bio-
mechanics (as discussed in the previous section).

Given these parameters, we have adopted a new model of
posture. In this context we define posture as a behavior
whose purpose is to facilitate other behaviors through the
maintenance of a given coordination of segments that are
biomechanically viable (ie, goal is achieved without loss of
balance) and efficient (energy expenditure is minimized).

Note that posture is now defined as a behavior rather than
a static representation of the body in space. Although most
researchers examining posture statically would agree that a
symmetric-vertical anteroposterior posture would constitute
“normal” posture, there is a debate about “average” versus
“ideal” upright posture in the lateral view within the litera-
ture.*! Our definition of posture as a dynamic process sug-
gests that a single “ideal” or “normal” posture (read: align-
ment of body segments) may not exist; rather, these postures
can be defined only with respect to the goal (task) and bio-
mechanical and environmental constraints on the system.
This definition also precludes the treatment of posture as
purely a “reflex” (although the responses do not have to be
the result of explicit mental commands). This assertion is

suggested partly by the fact that postures are rarely isolat-
able responses, and the responses themselves tend to be
anticipatory, ongoing, or corrective in nature.?®36 In a simi-
lar vein, Horak and Kuo state, “[P]ostural adaptation allows
changes in postural behavior so that it is optimized for
changes in environmental contexts, particular tasks, and
subjects’ intentions.”*? In short, the postural control system
should be thought of as having two goals: the maintenance
of balance and orientation with respect to the environment
and the facilitation of the achievement of other behavioral
goals.3037:38.43

Nashner and McCollum?® discovered that two control
strategies are predominately used in stance: ankle strategies
involving rotations about the ankle joint and hip strategies
that entail rotations about the hip. From this finding they
were able to represent in biomechanical form standing pos-
tures in a 2-dimensional configuration space (Fig 1). The
knee joint was hypothesized to be involved in vertical ad-
justments of posture (termed nonerect stance). Postural con-
trol is achieved through basic muscle coordination pro-
duced by neural firing patterns; perceptual information is
assumed to have a regulatory role. Nashner and McCollum?®
were careful in noting that these patterns are not reflexes per
se; rather, they represent control strategies that allow for the
simplest and most efficient use of the appropriate muscles
and joints. Riccio and Stoffregen® modified this configura-
tion space to depict the behavioral goals beyond stance by
adding control regions: the region of tolerance where
explicit control is not needed and the region of reversibility
where control is necessary and can be achieved without
changing behavioral modes (eg, taking a step, Fig 1). In-
cluding these regions, it is now possible to depict both the
biomechanical and behavioral constraints for a given pos-
ture. For a detailed account of how postural control is influ-
enced by biomechanical and behavioral constraints (and
data-based depictions of the tolerance and reversibility
regions), see Bardy et al,** who studied how alterations of
these factors affect postural coordination.

Postural Control and Motion Sickness

Posture is useful only if it is stable.*> Day-to-day func-
tioning depends on the ability to maintain stable posture.
When this stability is compromised, the ability to function
appropriately is compromised in turn. In short, the ability to
control one’s posture is paramount for the achievement of
many subsequent actions. If this fundamental process is dis-
rupted, the impairment will also degrade the ability to perform
suprapostural behaviors. Although there has been extensive
research concerning how postural stability is achieved and
maintained, few studies have addressed the consequences of
the loss of stability. Riccio and Stoffregen*® suggested that one
of the consequences of prolonged postural instability is the
occurrence of motion sickness. Instability is defined as a
reduction or loss of the capacity to efficiently minimize uncon-
trolled movements of the perception and action systems.>®

Most of the previous work in motion sickness has ex-
amined differences in the incidence of sickness, the pres-



ence/severity of symptoms, and the presence/severity of
aftereffects. A problem with these types of studies is the
focus on subjective measures that allow for the drawing of
many different and possibly incompatible inferences (espe-
cially given that the symptoms associated with motion sick-
ness are both varied and variable). It would be useful to have
another index of sickness that is less susceptible to extrane-
ous influences. In particular, although much of the motion
sickness literature has acknowledged that postural instabili-
ty is present during and after sickness, no causal properties
are attributed to this loss of control. Given the importance of
postural control for the execution of other behaviors and the
variety of means to record and quantify postural motion, the
study of postural control under provocative conditions could
potentially yield a wealth of information regarding the cause
of motion sickness.

Riccio and Stoffregen*® argued that a reliable index/pre-
dictor of motion sickness could be found by observing
changes in postural control. Before the work of Riccio and
Stoffregen,*® postural instability was considered only as a
side effect of motion sickness (eg, ataxia).*’ Riccio and
Stoffregen*® asserted that “motion sickness reflects percep-
tion of the consequences of instability for perceiving and
acting.” Furthermore they argued that the instabilities that
are relevant to motion sickness are those that relate to pos-
tural control. In other words, motion sickness is produced
by the perception of postural instability (via the changes in
stimulation that it produces). The fact that postural motion is
affected by motion sickness is not a new finding; it is well
known that instability is exhibited after the onset of motion
sickness. The important point is that postural instability has
been treated primarily as a side effect. However, in recent
studies attempting to determine predictors of motion sick-
ness, it has been found that motion sickness was preceded
and predicted by gross disruptions in postural control.*3-30
In other words, instability in postural control seems to have
led to physiological and behavioral dysfunction.

Postural Alignment and Chiropractic Subluxation

Commonly, posture is seen to the clinician as a form of bio-
mechanical linkage (attitude) in terms of musculoskeletal sym-
metric relationships between segments. An extensive review of
normal postural alignment and the effects of abnormal posture
on the neuromusculoskeletal system with reference to chiro-
practic has already been presented elsewhere.? All possible
human postures have been categorized by Harrison et al?%-?!
from the perspective of abnormal postural permutations calcu-
lated as rotations and translations from an ideal normal upright
static spine. This traditional analysis of posture (abnormal stat-
ic alignment) being consistent with basic mathematics and
physics principles is extremely useful in that these static alter-
ations result in consequences for the involved tissues and how
those tissues perform when in motion.

A brief discussion of certain aspects of posture in relation to
chiropractic will clarify the role of subluxation affecting pos-
tural control. Any imbalances in symmetry or deviation away
from the “normal” postural position may promote a host of bio-
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mechanical, degenerative, and neurologic disorders that
degrade the health potential of the individual.? Because of the
relationship between faulty posture and mechanical stresses
on the neuromusculoskeletal system, there is potential for un-
desirable health consequences. Junghanns’! and Troyanovich et
al’ cite several articles that report associations between postural
deficiencies and pathologic changes in the spinal column. These
include bone, disc, ligament, and myofascial degeneration.

There are an array of techniques to characterize static align-
ment and dynamic posture and their sequelae. Chiropractors
have tended to concentrate on static measurements of human
posture as reflected by the following assessment techniques:
plain film x-rays, advanced diagnostic imaging, plumb line
analysis with or without weight scales, moire topography, sco-
liometry, leg-length inequality, and range of motion instru-
mentation using discrete measurements.’>>* On the other
hand, examples of behavioral approaches to assess postural
dynamics have included the following assessments: postural
sway and gross movements via video photographic analysis,
electromagnetic tracking devices to monitor 3-dimensional
position and orientation (continuous measurements) of small
sensors attached to anatomic structures with respect to a trans-
mitter,*® and optoelectronic recording.**

The medical profession has not typically managed pos-
ture well. However, physical therapy such as the McKenzie
method,>>¢ osteopathy,®” and chiropractors such as with the
chiropractic biophysics (CBP) technique?? have all ad-
dressed management issues of postural correction. In partic-
ular, chiropractors have focused on the concept of subluxa-
tion in the assessment and management of postural conditions.

The philosophical postulate and historical establishment of
chiropractic is that the vertebral subluxation is the “cause of
dis-ease,” from which “disease” may arise.’® More recently, the
Association of Chiropractic Colleges® has established that the
purpose of chiropractic is to optimize health. The Association
notes that the body’s innate recuperative power is affected by
and integrated through the nervous system. Subluxation as
described by the Association of Chiropractic Colleges is “a
complex of functional and/or structural and/or pathological
articular changes that compromise neural integrity and may
influence organ system function and general health.”>® As
Lantz%° notes, neurologic involvement and kinesiologic dys-
function are common to all concepts of subluxation.

Given that subluxation “compromises” neural integrity
and exhibits kinesiopathology, and the fact that posture is a
complex behavior that demands precise perception-action
coupling, subluxation (as corrected by chiropractic adjust-
ment), like postural instability, can be predicted to result in
physiological and behavioral dysfunction. With these princi-
ples in mind, abnormalities of posture (referred to as global
subluxations by some)? can account for the histopathology,
myopathology, neuropathophysiology, and kinesiopathology
encountered in patients presenting to chiropractors.?

The Common Link
The preceding sections outline problems that nominally
have very little to do with each other. However, careful
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examination of these disorders reveals a potential common
thread that may provide a mechanism for determining why
these disorders occur and why they manifest themselves in
such a peculiar manner. To maintain postural stability, the
person must gather sensory information from a broad range
of sources (eg, visual, vestibular, and somatosensory). This
information is used to regulate complex motor responses (in
terms of timing, direction, and magnitude) to accomplish
the desired behavior. Thus alterations in sensory systems,
neural activity, and subsequent transmission of information
and the biomechanics of the musculoskeletal system could
all inherently affect postural control.

From both behavioral (motion sickness) and clinical (chi-
ropractic) perspectives, there seems to be a similar progres-
sion from inefficient energy expenditure for a given task that
can manifest itself in observable behavior before the occur-
rence of symptoms. The subsequent symptoms, if and when
they present, are both varied and variable. The point is that
both disorders seem to follow from inefficiency in the sys-
tem. The question now becomes why should this inefficien-
cy lead to these disorders?

Dynamic systems (of which humans are one) seem to
almost universally operate in a manner that tends to mini-
mize the amount of energy necessary to achieve a given goal
state. Coordination of body segments for control of dynamic
equilibrium is characterized by energy-efficient movements
controlling the many degrees of freedom involved in main-
taining stability.*? Stated briefly, these systems will “prefer”
to function in a manner that allows for optimal performance
with minimal effort. This mode of operation seems to apply
equally well to both nonbiologic and biologic systems. In
the case of human behavior, one of the most robust charac-
teristics of everyday motor performance is the propensity to
complete the task with the least energy expenditure,30:42:61-63
Sparrow states:

[Clasual observation of individuals performing a variety of
everyday motor tasks invariably leads to the hypothesis that
an attempt is being made to meet the task requirements with
the least amount of energy expenditure. From a movement
science perspective, the metabolic cost of performing
mechanical work in order to interact with the environment
describes the “efficiency” or “economy” of movement.%*

Data also suggest that other phenomena are associated
with the principle of energy minimization. Instability may
be associated with a greater expenditure of energy, and it has
generally been concluded that the more stable the movement
pattern is, the more efficient the motion is.5°-7 During cer-
tain behaviors humans and other animals shift, or make a
transition, from one coordination pattern to another such as
the transition from walking to running. In some situations
these transitions have been suggested to be energy-saving
mechanisms.%®%° For example, it may be more economical
to transition to jogging rather than to continue to walk fast.
In observation of a wide range of motor actions (uncon-
strained by outside agents), individuals adopt a preferred
mode or “comfort mode.” The disposition to adopt preferred
modes is referred to as “self-optimizing”’° to suggest that

preferred modes are self-selected (ie, no augmented feed-
back required) and optimal with respect to variables such as
work, time, or energy. These preferred modes are associated
with the lowest physiologic cost and therefore the highest
efficiency. Much of the research on preferred modes associ-
ated with movement economy is reviewed in a chapter by
Sparrow et al.”! Mark et al’?> examined the issue of preferred
modes with unconstrained reaching for a small block. The
results obtained in this study were consistent with the idea
that the preferred critical boundary (preferred mode), which
dictates when a single or multiple degrees of freedom reach
is warranted, reflects the relative biodynamic efficiency,
comfort, and effort of available modes of reaching. Another
aspect of these transitions is that they occur well before the
critical maximum (the point at which the behavioral mode
must be changed). This finding suggests that in performing a
given task, the person “prefers” not to operate near the
boundaries of a given behavior.

O’Dwyer and Neilson provide evidence that optimization
of metabolic economy and movement accuracy are linked
by minimization of muscle activity: “The increase in accu-
racy and stability of movement with increasing skill appears
to be linked to the level of muscle activation and force
employed, since accuracy and stability of control appear to
be enhanced at lower levels of muscle activity.”’* Also, per-
ception of central motor commands provides an individual
with a sense of effort associated with muscle activation and
on cardiorespiratory responses to muscle activation. Thus
the sense of effort and cardiorespiratory activity are related
by the level of activation of muscles.”® The primary influ-
ence of muscle on autonomic activity is termed “central
command”’4; that is, all motor outflow is accompanied by a
parallel, proportional, and obligatory input to cardiovascular
control centers. Smith and Cox” discuss central command
along with muscular and cardiovascular function in relation
to chiropractic.

Given the observed propensity of a dynamic system to be
attracted to stable, efficient modes of operation, any mecha-
nism that leads to altered energy expenditure will potential-
ly have a negative impact on the efficiency of the biologic
system. Postural (behavioral) instability and vertebral sub-
luxation can be linked in terms of the concept of dysponesis,
which connects inefficiency with negative health effects that
may or may not be accompanied by specific symptoms.
Dysponesis is defined as a reversible physiopathologic state
composed of errors in energy expenditure that interfere with
nervous system function and thus with control of organ
function. Dysponesis is capable of giving rise to a variety of
widespread health conditions.”® In regard to errors in energy
expenditure themselves, Whatmore and Kohli state:

...most of them lie in the bracing, representing, and attention
categories and, being covert in nature, go unnoticed by both
the person making them and others observing him. They
occur concomitantly with our productive efforts and interfere
with the efficiency, productivity, and health of the organism.
The detrimental influence of these misdirected efforts results
from the fact that action-potentials (or nerve impulses) con-
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Region of

Tolerance

Fig 2. Factors influencing control regions. A, Tolerance “inflation”: artificial expansion of tolerance region
conceived as resulting from loss of perceptual capabilities; B, reversibility “restriction”: artificial reduction of
reversibility region conceived as resulting for loss of action capability (see text for full explanation).

stituting effort follow not only the well-known pathways
from motor and premotor cortex to anterior horn cells, and
thus to muscle fibers, but they also feed signals (by way of
side-branches and feed-back mechanisms) into the reticular
activating system, the hypothalamus, the limbic system, and
the neocortex, thus producing widespread additional effects.”®

The signals described lead to excitatory or inhibitory
messages that are inappropriate to the immediate objectives
of the organism. For example, it has been shown that quiet
standing will elicit little, if any, activity from the paraspinal
musculature as measured by surface electromyography.
Thus widespread activation of paraspinal and trunk muscu-
lature can be regarded as inappropriate and inefficient for
the performance of quiet standing, assuming no overt patho-
logic condition is present. This results in interference of
many aspects of neural function including the organism’s
emotional reactivity, ideation, and regulation of various
bodily organs.”®

Although inefficiency may provide a common mecha-
nism for these disorders, it is difficult to study directly (non-
invasively). However, we propose that it is possible to mea-
sure the effects of inefficiency through the study of overt
behavior (in this case the control of posture). Recall the two
control regions depicted in Fig 1, the region of tolerance and
the region of reversibility. Riccio and Stoffregen? stated
that these regions are defined by the biomechanical proper-
ties of the person (animal) relative to the physical properties
of the environment and, perhaps most important for this
analysis, the behavioral goals of the person. Given these
influences, we suggest that it is possible to constrain these
control regions “artificially” (see following paragraphs and
Fig 2). Doing so would increase the likelihood that the per-

son would be functioning in an inefficient manner, which in
turn could manifest itself as postural (behavioral) instability.

The region of tolerance, where explicit control is not
needed, can be affected (inflated) by the loss of perceptual
capabilities, or an increase in “sensory noise.” These
changes in ability to pick up relevant information (ie, loss of
sensitivity caused by aging or toxins, for example) may
account for the postural instability exhibited in the elderly.?3
“Inflation” of the tolerance region could also be produced
by dysafferentation. For example, the central nervous sys-
tem is greatly influenced by somatosensory input, and con-
sequently alteration of mechanoreceptive input caused by
joint dysfunction has the potential to promote numerous
symptoms (ie, vertigo, dizziness, imbalance, or ataxia) that
could mimic lesions of the cerebellum, vestibular nuclei,
cerebral cortex, and basal ganglia.””-8!

Likewise, the region of reversibility can be affected
(restricted) by loss of action capabilities produced by the
changes in the biomechanical properties of the person (eg,
loss of strength or flexibility).8? The person’s skill level, that
is, the ability to perform a particular behavior, may also influ-
ence this region, particularly when the task is novel or diffi-
cult (eg, the biomechanical and esthetic constraints placed on
gymnasts are often very difficult to meet and tend to limit the
number of viable behavioral strategies).®? Restriction of the
reversibility region can also be produced by interference with
efferent neural mechanisms.” For example, the elderly per-
son who exhibits a degradation of the perceptual and motor
capabilities (as a result of degeneration to the neurologic and
biomechanical systems) necessary for stable activity may be
more likely than the average person to make an unintentional
transition (eg, fall from standing position).34-86

345



346

Journal of Manipulative and Physiological Therapeutics
Volume 24 » Number 5 ¢ June 2001

Postural Dynamics ® Smart and Smith

Region of
Reversibility

v

. ‘overshoots’

Control inputs

Region of
Reversibility

Region of
Tolerance

Fig 3. Inefficient control strategies. A, Hypercontrol; B, hypo- (“border”) control (see text for full explanation).

In both instances (tolerance inflation or reversibility
restriction) instability may occur as a result of having fewer
options or less time to make the appropriate adjustments that
would maintain efficient (stable) functioning. However, in
the absence of structural or biomechanical anomalies, it is
still possible to engage in behaviors that are inefficient.
Inefficiency can be produced by adopting “faulty” or inap-
propriate control strategies for a given behavior.

Two inappropriate control strategies that may affect the
efficiency of the system are illustrated in Fig 3. Hypercontrol
represents the state when an individual exerts tighter con-
straints on the system (behavior) than needed (attempting to
control actions within the tolerance region). This can create
inefficiency caused by “overshooting” (in the same manner
that positive feedback can produce chaotic behavior in
mechanical systems)®’ the minimal actions required for a
particular task. Examples of this type of strategy include
bracing responses, where the person exhibits excessive mus-
cular activity (“clenching”)’6 and cases where the goal con-
straints are greater than the person’s ability (ie, standing at
attention for long periods of time3®). It is interesting that
muscle activity can be decreased in accomplishing the same
task after chiropractic and osteopathic care.®-°! Hypo-
(“border”) control, on the other hand, represents operating
at the boundaries of a given system or behavior (ie, operat-
ing at the outer edge of the reversibility region). This strate-
gy may be used in novel situations where the person does
not know the appropriate actions to take. Control techniques
that the person has do not aid stability in these situations
(eg, attempting to move about in orbit in the same manner
that you would on the ground). Another instance of this type
of control is when a given behavior is maintained beyond
the point that a transition to another behavior is mandated
(eg, “speed-walking”).

Now that we have elaborated on the common link, one
might ask the question: what is the difference between the
description of abnormal posture being rotations and transla-
tions from an ideal upright static posture such as that formulat-
ed by Harrison and Troyanovich?? and the behavioral model
we have presented? The difference is that static descriptions of
posture cannot assess the consequences on behavioral (dynam-
ic) variables associated with inefficiency such as instability,
movement transitions, and accuracy or movement variability.
Accordingly, posture thought of statically in terms of abnor-
mal rotations and translations found in “neutral resting” pos-
ture (traditional approach), although extremely helpful in
delineating the effects of asymmetric deformations of tissues,
fails to account for the fact that maintaining stability even
during quiet stance is dynamic, because the body is never
completely motionless.”> The advantage of using a static
“snapshot” description of posture (eg, radiograph) is that any
abnormal rotations and translations found in resting posture
can be compared with a neutral resting symmetric posture.
The maintenance of these static abnormalities of posture
(global subluxations) might be predicted to cost extra energy
compared with a symmetric posture. However, any inference
regarding the resulting dynamics (ie, potential inefficiency)
cannot be assessed through static measures. The model that we
propose can potentially expand on the traditional alignment
method of postural assessment by allowing for a quantitative
approximation of biodynamic efficiency. The assertion that
posture is a behavior means that posture may be modeled and
characterized in the dynamic terms we have proposed in addi-
tion to the standard biomechanical analyses in use.

CONCLUSION

From this discussion, we hope that is it is clear that chiro-
practors and basic science researchers who are interested in



posture (behavior) have much to benefit from collaboration.
The focus of the discussion has concentrated on factors that
lead to system inefficiency. Paramount among these factors
is the idea that everyday movements appear constrained by
the directive to optimize metabolic economy. The concept
of dysponesis bridges the two fields of study together by (1)
neurologic dysfunction, (2) errors in energy expenditure,
and (3) the capability of producing widespread health
effects and symptoms. The evidence presented in this article
allows for the vertebral subluxation and postural instability
to be associated via inefficiency. The speculation as to a
causative relationship between these variables is beyond the
scope of this article; our mission was simply to point out
their conceptual similarities. It is our hope that illustrating
this association will lead to future investigation by a variety
of researchers from different specialties to further elucidate
the nature of the relations among efficiency, subluxation,
postural stability, health, and behavior. Our primary empha-
sis in this article has been on postural control because of its
fundamental role in behavior and its potential broad impact
on health. In fact, Lennon et al®® hypothesized that posture
affects and moderates every physiologic function from
breathing to hormonal production and that it appears that
homeostasis and autonomic regulation are intimately con-
nected with posture. It should be recognized, however, that
the principles illustrated through the use of postural analysis
could also be applied to a wide variety of behaviors.

The concepts we propose are original in the sense of
looking at human health by linking the concepts of subluxa-
tion and behavioral dysfunction via inefficiency. It is not
original in demonstrating the need for simplifying assump-
tions in the neurologic regulation of motion and behavior.
The appeal of using such a combined approach, however, is
that it provides a framework that is compatible with
mechanical, behavioral, and physiological information and
is amenable to experimental tests that would either confirm
or refute its assumptions. Specifically, what we proposed
were behavioral variables by which to study the overall state
of a dynamical system. We have suggested that system inef-
ficiency may be addressed through exploration of its conse-
quences for behavior that include but are not limited to
instability, preferred modes, and movement transitions. We
believe that approaching many of the issues concerning psy-
chologists and chiropractors from this perspective will yield
ideas for future research and exploration.

We echo the suggestions by Mark et al’? that future stud-
ies must develop more direct measures of biodynamic effi-
ciency. As for chiropractic, attempts have been made to
define and characterize subluxation and its impact on neural
regulation®*?*; however, further research must be done to be
able to explicitly locate and correct vertebral subluxation. It
is interesting that regarding vertebral subluxation as an
alteration of posture necessarily means that subluxation
influences behavior, given our model. In lieu of being able
to study the nervous system directly in relation to energy
expenditure and regulation, the behavioral approach, which
emphasizes the study and quantification of global system
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dynamics, is an attractive measure to investigate the system
indirectly. Besides the theoretical advances in our under-
standing of system dynamics through combined behavioral
and clinical research, we suggest that there will be signifi-
cant practical consequences as well.
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