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TENDON REFLEX

TENDON REFLEX

Primary Disciplinary Field(s): Neurophysiology, Neurology, Physiological Psychology

1. Core Definition

The tendon reflex, often designated clinically as the deep tendon reflex (DTR) or sometimes
simply the deep reflex, is an involuntary, rapid response mechanism mediated entirely by the
spinal cord. It is fundamentally defined as the reflex contraction of a muscle induced by stretching
its associated tendon. This protective mechanism ensures that muscles are not excessively
stretched or lengthened too quickly, which could lead to damage or tearing. The reflex arc
responsible for this contraction is classically considered the simplest neural circuit in the central
nervous system, involving just two neurons and one synapse, classifying it as a monosynaptic
reflex.

Although the resultant muscle contraction is the immediate observable effect of the tendon reflex,
the system involves sophisticated sensory input. The primary receptors initiating this reflex are the
muscle spindles, which are embedded within the muscle belly and sensitive to changes in muscle
length and the rate of change of length. The response ensures that when an external force rapidly
elongates a muscle, the muscle immediately contracts to restore its original length, thereby
maintaining positional stability and protecting the fibers. The tendon reflex is distinct from other
reflexes, such as withdrawal reflexes, which typically involve multiple interneurons (polysynaptic
circuits) and serve different protective functions.

Clinically, the most recognized manifestation of the tendon reflex is the patellar reflex, commonly
known as the knee-jerk. When the patellar tendon is struck just below the knee cap, the rapid,
momentary stretch of the quadriceps femoris muscle activates the muscle spindles. This activation
initiates the reflex arc, resulting in a sudden, visible contraction of the quadriceps, causing the leg
to extend. The integrity of this reflex pathway is crucial for diagnostic purposes, providing essential
information about the state of the peripheral and central nervous systems.

2. Neural Circuitry: The Monosynaptic Arc

The neural pathway governing the tendon reflex exemplifies a specialized form of the reflex arc,
demonstrating remarkable speed and efficiency. The circuit begins when the muscle spindle,
acting as the stretch receptor, detects the rapid elongation caused by the tendon tap. These
spindles are innervated by specialized sensory neurons known as Group la afferent fibers. These
fibers are heavily myelinated and possess one of the fastest conduction velocities in the body,
which contributes significantly to the reflex's near-instantaneous response time.

The Group la afferent fiber travels from the stretched muscle directly into the dorsal horn of the
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spinal cord. At the level of the spinal segment corresponding to the muscle (e.g., L2-L4 for the
patellar reflex), the sensory neuron forms a direct, excitatory synapse onto the alpha motor neuron.
This single synapse is the defining characteristic of the monosynaptic nature of the stretch reflex.
The alpha motor neuron, which is the efferent pathway, immediately transmits the signal back to
the same muscle that was stretched, causing it to contract.

Crucially, simultaneous with the contraction of the stretched agonist muscle, the tendon reflex arc
also incorporates a mechanism known as reciprocal innervation. Although the primary excitatory
pathway is monosynaptic, the Group la afferent also branches and synapses onto an inhibitory
interneuron within the spinal cord. This interneuron, in turn, inhibits the alpha motor neurons
supplying the antagonist muscle (the muscle opposing the action of the agonist). This coordinated
inhibition ensures that the antagonist muscle relaxes, allowing the agonist muscle to contract
unimpeded and efficiently execute the reflex action, such as the extension of the leg during the
knee-jerk reflex.

3. Mechanism of Action: The Golgi Tendon Organ (GTO) Control

While the muscle spindle initiates the contractile phase of the tendon reflex (the stretch reflex), the
source content specifically mentions that these reflexes are managed by the tendon stretch
detectors referred to as Golgi tendon organs (GTOs). The GTOs play a critical, albeit different,

role in modulating muscle activity by monitoring tension rather than length.

GTOs are encapsulated sensory receptors located at the junction where muscle fibers meet the
tendon. Unlike muscle spindles which primarily respond to stretch, GTOs respond to muscle
tension, whether generated by passive stretch or, more significantly, by active muscle contraction.
When the muscle contracts forcefully, the tension on the tendon increases, activating the GTOs.
These receptors are innervated by Group Ib afferent fibers, which are slightly slower than the
Group la fibers associated with the muscle spindle.

The activation of the GTOs initiates the inverse stretch reflex, a mechanism that serves as a
protective countermeasure against excessive force generation. When Group Ib afferent fibers enter
the spinal cord, they synapse onto inhibitory interneurons. These interneurons then strongly inhibit
the alpha motor neurons of the contracting muscle, causing the muscle to suddenly relax. This
polysynaptic reflex prevents the muscle from developing tension that is so great it could tear the
tendon or damage the muscle fibers. Therefore, the GTO mechanism acts as a critical safety
brake, managing and limiting the intensity of the contraction induced by the stretch reflex.

4. Key Characteristics

Monosynaptic Nature: The excitatory pathway involves only one synapse between the sensory
afferent (Group la) and the motor efferent (alpha motor neuron), making it one of the fastest reflex

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://en.wikipedia.org/wiki/Spinal_cord
https://en.wikipedia.org/wiki/Golgi_tendon_organ
https://scales.arabpsychology.com/?p=54219
https://scales.arabpsychology.com
https://scales.arabpsychology.com

TENDON REFLEX

mechanisms in the body.

Ipsilateral Response: The reflex action occurs on the same side of the body as the stimulus; the
sensory input and motor output are entirely contained within the corresponding spinal segment.
Muscle Length Restoration: The primary function is to resist passive lengthening and restore the
muscle to its original length, thereby helping to maintain muscle tone and posture.

Rapid Conduction: Due to the large diameter and heavy myelination of the Group la afferent
fibers, the response time of the tendon reflex is exceptionally quick, minimizing reaction delay.
Involuntary and Unconscious: The pathway is integrated entirely at the level of the spinal cord,
requiring no input from the higher brain centers for its execution, classifying it as a true spinal
reflex.

5. Clinical Significance and Assessment (Deep Tendon Reflexes)

Assessment of the tendon reflex, or Deep Tendon Reflexes (DTRS), is a fundamental component

of the standard neurological examination. By testing specific DTRs--such as the Biceps (C5, C6),
Triceps (C6, C7), Brachioradialis (C5, C6), Patellar (L2-L4), and Achilles (S1, S2)--clinicians can
rapidly evaluate the functional integrity of specific spinal cord segments, peripheral nerves, and the
descending motor pathways originating from the brain.

The reflexes are typically graded on a numerical scale (e.g., 0 to 4+). A normal response (2+)
indicates a healthy functioning reflex arc. Deviations from this norm provide important diagnostic
clues. A decreased or absent response, termed hyporeflexia (0 or 1+), often suggests damage to
the reflex arc itself, such as injury to the sensory afferent neuron, the motor efferent neuron, or the
muscle itself. This type of finding is commonly associated with disorders of the peripheral nervous
system or lower motor neuron lesions.

Conversely, an exaggerated or hyperactive response, known as hyperreflexia (3+ or 4+), typically
indicates a lack of inhibitory control from the brain. Since the spinal reflex is constantly subject to
modulation by descending pathways, hyperreflexia often suggests damage to the upper motor
neurons (UMNSs)--the tracts originating in the cortex and brainstem. Conditions such as stroke,
cerebral palsy, or spinal cord injury superior to the reflex arc often result in hyperreflexia,
sometimes accompanied by clonus, an oscillatory muscular contraction indicative of severe UMN
disinhibition.

6. Significance and Impact

The tendon reflex is of paramount significance not only for clinical diagnosis but also for the
physiological maintenance of posture and coordinated movement. By constantly monitoring and
adjusting muscle length, the stretch reflex forms a continuous, automatic feedback loop that allows
the body to counteract gravity and maintain equilibrium without conscious effort. For example,
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when a person slightly sways, the reflexive adjustments initiated by the muscle spindles quickly
tighten the appropriate muscles to prevent a fall, thereby stabilizing the body's center of gravity.

Beyond simple postural control, the principles underlying the tendon reflex contribute significantly
to complex motor acts. The ability of the nervous system to rapidly adjust muscle tone in response
to unexpected loading or perturbations is crucial for activities ranging from walking on uneven
ground to catching a falling object. Furthermore, the interplay between the muscle spindle (causing
contraction) and the Golgi tendon organ (causing relaxation/inhibition) ensures a delicate balance
of excitability and control, optimizing muscle output while preventing self-inflicted damage.

7. Debates and Criticisms

While the fundamental mechanism of the monosynaptic tendon reflex is well-established, ongoing
academic debate centers on the degree to which higher brain centers can influence or modulate
these "automatic" spinal reflexes. Traditionally viewed as purely autonomous spinal mechanisms,
research has increasingly demonstrated that descending motor pathways and cortical influences
can significantly alter the gain, or sensitivity, of the reflex arc.

The nervous system often exhibits adaptability, meaning the excitability of the alpha motor neuron
pool can be adjusted based on behavioral context. During highly demanding or complex motor
tasks, the central nervous system may suppress or enhance the sensitivity of the muscle spindles
and GTOs to fine-tune muscular performance. Therefore, a key area of study involves
understanding the supraspinal mechanisms that modify reflex gain, moving the understanding of
the tendon reflex from a purely mechanical concept toward a centrally integrated and regulated
motor component.

8. Further Reading

Deep Tendon Reflex (Wikipedia)

Golgi Tendon Organ (Wikipedia)
Reflex Arc (Wikipedia)

Tendon Reflex (Psychology Dictionary)
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