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POSTURAL CONTROLS

Posture usually refers to the position of the trunk and limbs, but also might be applied to the position of a single limb or to the position of the hand or the head. This discussion focuses on a normal upright standing posture in the Earth’s gravitational field. Most voluntary movements of the limbs disturb upright posture. Therefore, programs for voluntary movements usually include anticipated postural corrections called feedforward postural controls. Motor programs are also influenced strongly by the correction of unexpected postural deflections via feedback postural controls.

FEEDFORWARD POSTURAL CONTROLS


When we have learned by experiment, at an early age, that an upright posture is disturbed during a particular movement, we incorporate feedforward postural controls into the motor program for that movement to preserve an upright posture. When we practice these postural corrections as part of the movement, their accuracy and effectiveness improve. These controls are not reflexes, but are predicted scaled adjustments of axial and proximal muscles scheduled to occur before and during the movement. They are, therefore, learned postural components of learned motor programs.


For example, abduction of flexion of the limbs is counterbalanced by a deflection of the trunk to preserve an upright posture in the gravitational field. The trunk displacements are planned as part of the motor program and occur during the limb movement.


Upper or lower extremity abduction is planned in the PFAC and executed by the topographically relevant parts of the PMC, SMC and M1. In addition, the areas of the PMC, SMC and M1 representing the axial, girdle and proximal limb muscles developed and executed the commands for the body displacement, which is the feedforward postural component of the program. The commands for the axial, girdle and proximal musculature were probably carried primarily by the medial descending pathways, and to a lesser extent by the parts of the lateral descending pathways projecting to spinal neurons that innervate axial and proximal limb muscles.

FEEDBACK POSTURAL CONTROLS

A. Sensory reporting


During a movement, anticipated (feedforward) postural corrections may not suffice to maintain an upright posture, and further postural adjustments might become necessary. Since these adjustments would be constructed after receiving and assessing sensory input about the nature and degree of the unexpected displacements of posture, they are called feedback postural controls. Three classes of sensory input provide the information used to plan and execute the feedback corrections:

1.  Cutaneous and proprioceptive cues (skin stretch, pressure; muscle stretch, joint position)

2.  Vestibular cues (head position in gravitational field - mainly from the otolith organs)

3.  Visual cues

B. Correction behaviors


Like feedforward postural controls, feedback postural corrections are motor programs that we have learned and that we have improved through practice. For example, many of us (but not necessarily each one of us) have learned that effective feedback postural correction while standing is achieved by using muscles nearest the supporting surface (i.e., in the sole of the foot) with the highest frequency and with the greatest speed. Muscles of the leg, thigh, hip and trunk (i.e., progressively more proximal muscles) are used with progressively less frequency and speed.

C. Reflexes


The behavioral goal of feedback postural corrections is to restore and maintain an upright posture of the whole body. Therefore, we will name the postural program described below ‘maintaining balance in the gravitational field’. Since rapid corrections are necessary, this postural program will recruit various reflexes to help achieve the goals. When upright posture is disturbed, the corrective program typically first activates reflexes to quickly get the head upright in the gravitational field. Since the rest of the body is tilted off balance, righting the head in the gravitational field usually bends the neck, which initiates additional reflexes to get the body balanced in the gravitational field. 


Let’s use an example. While standing on one foot, upright posture is disturbed often. In the discussion that follows, it is assumed that during one of these disturbances, both the body and head have leaned to the right (Fig. 1A).

Cervico-collic (collic = of the neck) and vestibulo-collic reflexes act together to attempt to get the head upright in the gravitational field. As one leans to the right, the intrafusal fibers in muscles on the left side of the neck become stretched (Fig. 1A), activate the cervico-collic reflex, which contracts the left neck muscles and abducts the neck to the left to get the head upright (Fig. 1B). The neck muscle stretch receptors project axons into the spinal cord and into the vestibular nuclei, thus activating both lower motor neurons in the spinal cord and some vestibular neurons. At the same time, cues from the otolith organs activate the vestibulo-collic reflex; the cues are processed in the vestibular nuclei. The motor output from the vestibular nuclei is carried in the medial and lateral vestibulo-spinal tracts to the reticular formation and to spinal motor neurons. The output of spinal motor neurons is carried directly to the neck muscles. The influence of these two reflexes is predominantly on neck muscle motor nuclei and the influence of the stretch receptor and vestibular input on the limb muscle motor nuclei is suppressed. Instead, the cervico-spinal reflexes act on the limb muscles. 
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 Figure 1. Maintaining balance in the gravitational field

Cervico-spinal reflexes attempt to keep the body upright in the gravitational field. With the body leaning to the right and the head now upright in the gravitational field, the neck is tilted (abducted) to the left (Fig. 1B). Joint position receptors in the neck initiate cervico-spinal reflexes; the left upper and lower limbs are abducted to counterbalance body tilt to the right (Fig. 1C). At the same time, the right upper limb is flexed to reduce the weight pulling the body to the right (Fig. 1C). 


If the feedback postural controls described above fail to keep the body upright, and the body tilts to the right past the point where the recovery of balance is possible (Fig. 2B), the postural program called ‘maintaining balance in the gravitational field’ is abandoned and a new corrective program called ‘break the fall’ is used. First, the cervico-collic and vestibulo-collic reflexes are allowed to continue to get the head as upright as possible and to prevent impact of the head with the ground (Fig. 2C). Second, the action of the cervico-spinal reflexes on the limbs (i.e. counterbalance, as in Fig. 1C) is suppressed and replaced by the action of the vestibulo-spinal reflexes, which attempt to break the fall. The vestibulo-spinal reflexes, via the vestibulo-spinal and to some extent the reticulo-spinal tracts, abduct the right upper and lower limbs and extend their distal joints, and adduct the left upper and lower limbs and flex their distal joints (Fig. 2C). It is apparent that the vestibulo-spinal and cervico-spinal reflexes have opposite actions on the limbs.

Figure 2. Break the fall.
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