


DOF relates primarily to actions and information pick-up
refers to perception. Specifically, degrees of freedom refer
to the number of separate independent dimensions of
movement in a system that must be controlled. Therefore,
the degrees of freedom problem refers to the difficulty in
explaining the simultaneous control of multiple, indepen-
dently moving body parts. These questions lead to core
problems such as how does one coordinate one’s degrees of
freedom (joints, muscles, segments, neural structures) to
play a sport, ride a bike, juggle balls, drive a car, operate
machinery, walk, stand, etc.

NEUROPHYSIOLOGICAL, BIOMECHANICAL
AND DYNAMICAL MODELS

The three common ways to investigate motor control are
as follows. The first and traditional method (i.e.
Sherrington) looked at reflexes for the basis of motion.
Simple stimuli such as touch produced “reflex” responses,
which were the means to explain behaviour.

The difficulty with this method is that reflexes such as the
vestibulocollic, vestibulo-ocular, and deep tendon reflexes
or reflexes in succession (chaining) cannot explain complex
behavior. De-afferentation studies also posed problems for
reflex theories because peripheral stimulation was not
needed to drive some rhythmical behaviours, and thus a
“representation” in the central nervous system was
required. '

Central pattern generators (living in spinal cord) were
then proposed to generate rhythmical behavior. However,
the extreme behavioural differences between decorticate
animals or deafferented animals and normals indicates that
these pacemaker-type cells are insufficient to explain
behaviour and that sensory regulation is necessary as well.

The biomechanical method of motor control seeks to
understand motion of the body via segmental levers with
respect to the forces generated by muscles. Since muscles
contract (producing force) and cause motion at joints in the
form of rotations, biomechanists can model movement
based on this. Since direct knowledge of torques at joints is
not possible without invasive means, the typical strategy is
to use inverse dynamics (using kinematics to estimate
torque/force) to characterize the system. As such, inertia,
gravity and the like can be incorporated into such a
method, not accounted for by neurophysiological models.
The question still remains, however, how does the nervous
system constrain the many internal (e.g. muscles, joints) and
external (information) degrees of freedom to produce
meaningful and necessary behaviour?

The dynamical approach instead looks to behaviour as a
result of interactdons between person and environment in
addition to the dynamics (forces) present in the particular
task. Coordination can facilitate reducing the degrees of
freedom problem by linking groups of muscles functionally
(synergies). Both dynamical and ecological perspectives
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seek to “simplify” the explanation of behaviour looking for
invariants in information pick-up and by considering
movement within the context of all physical systems
conforming to thermodynamic laws and seeking stability.
In fact, dynamical researchers seek the self-organizing
processes by which we coordinate components of the
system such as limbs to achieve stability, transitions and
entrainment that are associated with everyday behaviour.

CHIROPRACTIC AND MOTOR CONTROL

Chiropractic research has focused on motor control using

the neurophysiological and biomechanical methods
described above. It has demonstrated impact on several of

“Fxisting research supports the notion
that chiropractic can have an influence
on motor control and thus performance
by influencing components of the
perception action cycle.”

the factors that influence motor control. For example,
resting muscular tone reductions have been documented
following adjustments as well as improved muscular
strength. (1,2)

In addition, reaction times to a complex mental rotation

task have decreased (3) and movement times have improved

(4) with adjustments. Finally, a basic, immediate
neurophysiological response to care seems to be central

motor facilitation (5, 6) along with significant attenuation of

alpha motoneuronal activity. In addition, kinematic
changes following chiropractic have been noted (7-8) and
H-reflex activities have been reduced (9).

Preliminary findings using a dynamical approach to
motor control also indicate that coordination changes may
result from chiropractic adjustments (8).

Unfortunately, less research exists that demonstrates
perceptual changes following adjustments (with the
exception of improved symptoms). However, a few recent
studies have attempted to quantify perceptual changes
resulting from chiropractic care. Specifically, research has
addressed changes in the size of the visual-field blind spot
after upper cervical care (10) and threshold discrimination
using signal detection theory. (11)

As Murphy and Dawson (11) point out, most studies on
sensory changes after manual therapies (including

chiropractic) have focused on pain sensitivity which ignores

the wider range of sensory alternations that could be

important in assessing patient functioning, and neglect bias,

which is inherent in the measurement of pain.

CONCLUSION

In summary, existing research supports the notion that

chiropractic can have an influence on motor control and
thus performance by influencing components of the
perception action cycle. A chiropractor who takes care of
athletes is no doubt aware of performance changes
following adjustments. However, to the extent that the
chiropractor influences either the perceptual or action
capabilities (or both) of any of their practice members (no
matter what age or ability), they will influence motor
control and thus performance. ‘

It is clear that perception and dynamical as well as further

biomechanical/neurophysiological research on movement is
sorely needed within our profession. Chiropractors can aid
in our understanding of the performance effects of adjust-
ments by quantifying the observable actions (behaviour) of
their patients under care and publishing the results in a
scientific venue. ®
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