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Reflexes 

The meaning of the term “reflex” has changed considerably as theories of motor control 

have evolved. Classically defined as an involuntary and relatively stereotyped response to a 

particular stimulus, a reflex was considered to be the simplest component of the nervous system 

able to produce a coherent, elemental reaction. To qualify as a reflex, a response had to be 

perfectly reproducible, graded with respect to stimulus intensity, and to occur at a specific time 

after the stimulus. However, over time the term has been applied loosely to a wide range of 

motor behaviors, ranging from the relatively simple knee jerk in response to a patellar tendon tap 

to the complex patterns of neuromuscular interactions required to maintain equilibrium. Though 

reflexes have historically figured prominently in theories of motor control, motor learning, and 

motor development, contemporary researchers cannot agree upon what constitutes a reflex and 

whether the term even has scientific value, despite the popularity of the terms usage in the 

scientific literature, in clinical settings, and in lay conversations. 

 

The Latin translation of the term reflex is “bending back”. Descartes referred to reflex 

systems as neural pathways connecting stimulus with response, however Georgiy Procháska 
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(1784) is credited with first formally defining a reflex as a behavior in response to an excitation, 

mediated by separate motor and sensory nerves. A number of studies in the eighteenth, 

nineteenth, and twentieth centuries showed that a vertebrate spinal cord that was disconnected 

from the brain was capable of automatically producing movements when externally stimulated. 

These findings led to the notion that reflexive behaviors were distinct from voluntary behaviors 

because they were externally triggered, automatically controlled, and highly repeatable. 

Subsequently, all of these characteristics of reflexes have been called into question. For example, 

many reflexive behaviors are thought to be internally elicited and even the parameters (e.g., 

gains) of the simplest reflex circuits can be modified by instructions and other task and 

contextual factors. Furthermore, these modifications can themselves be learned and unlearned.  

 

Many contemporary researchers now believe that all behavior lies on a continuum from 

reflexive to voluntary with no specific behaviors being either purely reflexive or purely 

voluntary. Those who consider the term reflex to be scientifically useful are divided as to 

whether to differentiate reflexive and voluntary behavior based on the potential for conscious 

mediation or based on the anatomical/physiological complexity of the circuits (with only the 

simplest input-output circuits being considered reflexive) involved in behavior. Many 

researchers would prefer to replace the term reflex with sensorimotor interactions. Others have 

suggested using terms such as reactions, coordinative structures, and functional synergies, 

though these terms have typically referred to the more generalized responses to stimuli. 

 

Despite the debate over the usefulness of the term, reflexes have generally been classified 

according to their function. The most basic reflex circuit is composed of four units: a receptor, an 



afferent (sensory) neuron projecting to the central nervous system, an efferent (motor) neuron to 

the muscle, and an effector (e.g., a muscle). Interneurons are not essential but it is rare to find a 

reflex circuit without one. Reflexes are considered monosynaptic, disynaptic, or polysynaptic 

depending on whether they have one, two, or more central synapses. The latency of a response is 

determined by the speed of transmission over the nerve fibers (conduction is faster across larger 

diameter fibers), the time to cross synapses, the number of synapses, and the time for the muscle 

to contract. Repeated application of a constant innocuous stimulus leads to an attenuation of a 

reflex that is referred to as habituation. Any detectable change to the stimulus leads to 

dishabituation, where the reflex returns to its baseline state. Repeated application of a noxious 

stimulus can lead to an enhancement of the reflex referred to as sensitization. In some reflexes, it 

is possible to elicit the response to a novel stimulus if that stimulus is paired in time with the 

stimulus that typically elicits the response. This type of associative learning creates what are 

known as conditioned reflexes. 

 

The muscle spindle reflexes (also referred to as myotatic or stretch reflexes) are the 

simplest reactions that have been labeled reflexive. The stretch reflex, which causes a muscle to 

contract when the muscle or its tendon are tapped or a load is suddenly applied to a limb, is 

designed to preserve a prespecified muscle length. The receptor is a muscle spindle which lies in 

parallel with the extrafusal muscle fibers. The spindles have their own intrafusal muscle fibers 

that contract when the main muscle fibers contract so that the central region of the spindle stays 

taught and can respond to any muscle stretch. Afferent fibers project from the spindle to the 

spinal cord where they synapse with motor neurons that activate fibers of the muscle in which 

the spindle is located. The stretch reflex has a phasic component that rapidly responds to the rate 



of muscle stretch and a sustained tonic component that responds to the amplitude of stretch. 

Stretch reflexes must be overridden to accomplish voluntary movements and this is achieved by 

activating the extrafusal and intrafusal muscle fibers at the same time. The spindle reflexes help 

to regulate muscle stiffness and they are particularly important for damping oscillations at the 

end of movements and for controlling mechanical interactions among limbs and between the 

limbs and the environment. 

 

Among the most complex and generalized reactions that have been referred to as 

reflexive are the postural reflexes. In contrast to the spindle reflexes, which are localized at the 

level of the spinal cord and respond to mechanical stretch (or electrical stimulation of their 

afferent fibers, in which case they are called Hoffman reflexes), the postural reflexes are 

organized by the brainstem in response to vestibular, somatosensory, and visual inputs. The 

vestibular (labyrinthine) reflexes, the neck reflexes, and the righting reflexes are well known 

postural reflexes. Vestibulocollic and vestibulospinal reflexes are labyrinthine reflexes that 

stabilize head orientation in space. The former activate neck muscles to keep the head upright 

whereas the latter act on limb muscles, causing flexion or extension depending on head position. 

The cervicocollic and cervicospinal reflexes (often referred to as tonic neck reflexes) are neck 

reflexes that respond to flexion, extension, and rotation of the head about the neck. The former 

activate neck muscles and the latter activate limb muscles. Cervicocollic and vestibulocollic 

reflexes generally complement each other, while cervicospinal and vestibulospinal reflexes can 

work at cross purposes, in which case one is thought to dominate the other. The righting reflexes 

are those reactions that help to reorient the head and/or body to an external frame of reference 

such as gravity or the surface of support or that help to reorient body parts (e.g., head and trunk) 



relative to each other. They include vestibular and neck righting reflexes, optical righting 

reflexes, and body righting reflexes, the latter responding to cutaneous stimuli. 

 

The isolated components of the postural reflexes are difficult to discern in normal motor 

behavior because the substrates of voluntary movements are typically so highly integrated. 

However, they often become apparent in stressful activity or during maximal efforts, presumably 

because they are recruited to reinforce muscle contraction and extend endurance. The postural 

reflexes are often seen in exaggerated form in brain damaged patients and can be elicited in early 

infancy. In both cases, lack of inhibition from higher brain centers is thought to account for the 

ease with which the reflexes can be elicited. 

 

From a developmental perspective, the role of reflexes is hotly debated. Primitive 

reflexes (labeled primitive because they were first seen in animals more primitive than humans 

and because they reside at lower levels of the CNS) can be elicited as early as the second or third 

month after conception and most of the estimated 27 major infant reflexes are present at or prior 

to birth but have disappeared by six months of age in typically developing children. Infant 

reflexes are thought to have several functions: they facilitate survival (e.g., the sucking reflex), 

they provide protection (e.g., the moro reflex in which all limbs fling outward in response to a 

sudden displacement of the head and trunk); they stimulate the CNS and muscles and regulate 

muscle tone, and they permit early exploration of the environment and of the body. In addition, 

reflexes provide pediatricians with a useful tool for evaluating neurological integrity because the 

onset and disappearance of most reflexes is fairly well documented. However, there is 

controversy concerning the link between early reflexes and later voluntary behavior.  



 

Most viewpoints generally agree that early reflexes are integrated into voluntary 

movements (though we must be mindful of the controversy surrounding the terms “reflex” and 

“voluntary”). After all, early reflexes appear to be ideally suited to serve as prefabricated 

building blocks for more complex behaviors. The controversy surrounds the continuity between 

early and later appearing behaviors. The traditional view is that those reflexes resembling later 

behaviors must be suppressed by higher brain centers before they can reappear as voluntary 

behaviors. A related view is that primitive reflexes must disappear and postural and locomotor 

reflexes must appear before voluntary behavior is possible. A more contemporary view is that 

early reflexes are rudimentary expressions of later behaviors (i.e., there is continuity across 

development). Proponents of this viewpoint prefer not to use the term reflex to describe these 

early patterns because they do not conform to the classic definition of involuntary and relatively 

stereotyped responses to particular stimuli. Evidence shows that many precocious patterns are 

not stereotyped in their expression, that they can be modified by task and contextual factors 

(including reinforcement and infant level of arousal), and that they can be facilitated with 

training or practice. For example, practice of the stepping reflex causes the pattern to persist 

across the first year of life and is associated with an earlier onset of independent walking. These 

findings, coupled with newer findings, will continue to contribute to the evolution of our ideas 

about reflexes in human behavior.  
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