FIGURE LEGENDS
FIGURE 27.1 Motor development of the infant and young child. The pattern of maturation of the motor system follows a characteristic evolution. Two months after birth a child can lift its head, at 4 months it sits with support, and subsequently it is able to stand with support; later it crawls, stands without support, and finally walks independently. The approximate time at which a child is able to perform these different motor tasks is indicated above each figure. The variability in the maturation process is substantial. Modified from M. M. Shirley.

FIGURE 27.2 Some animals are comparatively mature when they are born. Ten minutes after the calf of the gnu, a buffalo-like antelope, is born, it is able to track its mother in a gallop. This means that the postural and locomotor systems are sufficiently mature to allow the young calf to generate these complex patterns of motor coordination at birth. There is little time to calibrate the motor system after birth and obviously no time for learning. Courtesy of Erik Tallmark.

FIGURE 27.3 Feedback from muscle receptors to motoneurons: the stretch reflex. In a muscle connected between two bones, the Golgi tendon organ is located at the transition between muscle and tendon. It senses any active tension produced by the muscle fibers being in series between muscle and tendon. The muscle spindle is located in parallel with the muscle fibers. It signals the muscle length and dynamic changes in muscle length. Both the muscle spindle and the Golgi tendon organ have fast-conducting afferent nerve fibers in the range of ~100 m/s. The muscle spindle activates α-motoneurons directly, which causes the muscle fibers to contract. The sensitivity of the muscle spindle can be actively regulated by γ-motoneurons, which are more slowly conducting. The muscle spindle provides negative feedback. If the muscle with its muscle spindle is lengthened, the afferent activity from the muscle spindle increases, exciting the α-motoneurons and leading to an increased muscle contraction, which in turn counteracts the lengthening. This is called the stretch reflex. The Golgi tendon organ provides force feedback. The more the muscle contracts, the more the Golgi tendon organ and its afferent are activated. In the diagram the intercalated interneuron between afferent nerve fiber and motoneuron is inhibitory. Thus increased muscle force leads to inhibition of the α-motoneuron, which results in a decrease of muscle force. The efficacy of length and force feedback can be regulated independently in the spinal cord and via γ-motoneurons. Thus their respective contributions can vary considerably between different patterns of motor behavior.

FIGURE 27.4 Motor coordination through interneuronal networks: central pattern generators. The brainstem and spinal cord contain a number of networks that are designed to control different basic patterns of the motor repertoire, such as breathing, walking, chewing, or swallowing. These networks are often referred to as central pattern generator networks (CPGs). CPGs contain the necessary information to activate different motoneurons and muscles in the appropriate sequence. Some CPGs are active under resting conditions, such as that for breathing, but most are actively turned on from the brainstem or the frontal lobes. For instance, the CPG coordinating locomotor movements is turned on from specific areas in the brainstem, referred to as locomotor centers. These descending control signals not only turn on the locomotor CPG, but also determine the level of activity in the CPG and whether slow or fast locomotor activity will occur. In order to have the motor pattern well adjusted to external conditions and different perturbations, sensory feedback acts on the CPG and can modify the duration of different phases of the activity cycle, providing feedback onto motoneurons. Although vertebrates as well as invertebrates have CPGs for a great variety of motor functions, the intrinsic operation of these networks of interneurons constituting the CPG is unclear inmost cases. In invertebrates, a few CPG networks have been studied in great detail, such as the stomatogastric system of the lobster and networks coordinating the activity of the heart and locomotion in the leech. In vertebrates, detailed information concerning locomotor networks is only available in lower forms, such as the frog embryo and the lamprey.

FIGURE 27.5 Location of different networks (CPGs) that coordinate different motor patterns in vertebrates. (A) Represents an overview of the location of the different CPGs in vertebrates. The spinal cord contains CPGs for locomotion (B) and protective reflexes, whereas the brainstem contains CPGs for breathing (C), chewing, swallowing, and a motor map for saccadic eye movements (D). The hypothalamus in the forebrain contains centers that regulate eating and drinking. These areas can coordinate the sequence of activation of different CPGs. For instance, if the fluid intake area is activated, the animal starts looking around for water, walks toward the water, positions itself to be able to drink, and finally starts drinking. The animal will continue to drink as long as the stimulation of the hypothalamic area is sustained. This is an example of recruitment of different CPGs in a behaviorally relevant order. The expression of emotion is represented by seven motor programs as illustrated for anger (E) by a child sculptured by Vigeland. The cerebral cortex is important, particularly for fine motor coordination involving hands and fingers and for speech.

FIGURE B27.1 The segmental locomotor network of the lamprey. Schematic representation of the different components of the core neural circuitry that generates rhythmic locomotor activity. All neuron symbols denote populations rather than single cells. The reticulospinal (RS) glutamatergic neurons excite all types of neurons at the segmental level. The excitatory (E) neurons excite all three groups of neurons indicated, and the inhibitory neurons inhibit contralateral neurons and motoneurons (M). The reticulospinal neurons in turn receive excitatory drive from the mesencephalic (MLR) and diencephalic (DLR) locomotor regions, which at rest are under tonic inhibitory control from the output cells of the basal ganglia. When locomotor activity is to be initiated, the inhibitory control from the basal ganglia is removed (see above), and the network is free to operate. To the right, cellular mechanisms are indicated that aid in burst termination. During each burst, Ca2+ and Na+ ions accumulate in the cell that in turn activate calcium and also sodium-dependent K+ channels that progressively hyperpolarize the cells, thereby terminating ongoing spike activity.

FIGURE 27.6 Organization of the primary motor cortex (M1). The different parts of the body are represented in a somatotopic fashion in M1, with the legs represented most medially, arms and hand more laterally, and the oral cavity and face even more so. Note that the two areas that are represented with disproportionally large regions are the hand with fingers and the oral cavity. They are represented in this way due to the fine control required in speech and fine manipulation of objects with the fingers. Adapted from Penfield and Rasmussen (1950).

FIGURE 27.7 Descending pathways projecting from the brain that mediate motor actions to the spinal cord. From the cerebral cortex, including M1, a number of neurons project directly to the spinal cord to both motoneurons and interneurons. In addition, they also project to different motor centers in the brainstem, which in turn sends direct projections to the spinal cord. One of these centers is the red (rubrospinal) nucleus, which influences the spinal cord via the rubrospinal pathway. Corticospinal and rubrospinal pathways act on the contralateral side of the spinal cord and have somewhat overlapping functions. They are sometimes referred to as the lateral system, as most of the fibers descend in the lateral funiculus of the spinal cord. Vestibulospinal and reticulospinal pathways are important both for regulating posture and for correcting perturbations, and they mediate commands initiating locomotion. The different reticulo- and vestibulospinal pathways are sometimes lumped together as the medial system, as most of the axons project in the medial funiculus of the spinal cord.

FIGURE 27.8 Summarizing scheme of the interaction between different motor centers. The different major compartments of the motor system and their main pathways for interaction are indicated. The basic functions of the different compartments and descending tracks are summarized on and below the scheme. CS, corticospinal; RbS, rubrospinal; VS, Vestibulospinal; RS, reticulospinal.

FIGURE 27.9 Reaction time tasks of different complexity and in different age groups. The choice reaction time is plotted versus the number of choices the subject is exposed to for six different age groups. A simple experimental situation with two choices takes an adult 0.3 s to initiate, but a 6-year-old needs around 1.0 s. A 10-year-old falls in between at around 0.7 s. An increase in the number of choices causes a marked increase in reaction time. From a practical standpoint, this provides important information when one considers the possibility for a child to cope with different demanding situations, such as moving around in a modern city. Data replotted from Conolly (1970).

