
II./2.5. The reflexes
Deep tendon reflexes and superficial reflexes are examined in clinical
neurology (Table 2). In addition, abnormal reflexes (pyramidal signs,
frontal release signs) are also assessed.

Table 2

Anatomy

Elements of a reflex arch:

1.) Receptor: structures located in the skin or mucous
membrane or the muscle spindle. Receptors are activated by
touch, stretch, pressure, and pain.

2.) Sensory neuron and its axon: conveys impulses to the
central nervous system.

3.) Relay neuron (in polysynaptic reflexes)

4.) Efferent neuron and its axon: conveys impulse to the
effector organ (muscle)

II./2.5.1. Examination of deep tendon reflexes

The deep tendon reflexes are made up of two neurons and a synapse.
The receptor and the effector organ are in the same muscle. The deep
tendon reflexes are stretch reflexes, their receptors are the annulospiral
endings in muscle spindles. Thick Aα-type sensory axons convey
impulses from the muscle spindles to the spinal cord, entering via the
posterior roots. Within the spinal cord, axons divide and some form
synapses with α-motoneurons, whereas others descend or ascend a few
segments and synapse with inhibitory interneurons that inhibit the
antagonist muscles when the stretch reflex is activated.

Deep tendon reflexes

Deep tendon reflexes are elicited with the help of a reflex hammer.

a.) Biceps reflex: The examiner places his/her thumb on the
biceps tendon at the elbow of the semiflexed arm of the patient,
and hits his/her thumb with the reflex hammer. This results in
the flexion of the arm. The biceps reflex arch involves the C5-6
spinal segments.

b.) Triceps reflex: The examiner hits over the olecranon on the
triceps tendon of the patient’s arm held in a semiflexed position.
This results in the extension of the arm. The reflex involves the



radial nerve and mainly the C7 spinal segment.

c.) Radial reflex: The examiner hits the radius bone over the
radial styloid process on the forearm, with the patient’s arm
held in a semiflexed position. This results in the flexion of the
arm (activation of the brachioradial muscle stretch reflex). The
radial reflex arch involves the C5-6 spinal segments.

d.) Ulnar reflex: There is an extension and ulnar abduction of
the wrist when the styloid process of the ulna is struck. It
involves the C8-Th1 spinal segments.

e.) Patellar reflex (knee jerk): The patient is supine and flexes
both knees by about 30-40 degrees. The examiner hits on the
tendon of the quadriceps muscle, which results in the extension
of the knee (go to the video). If the patient is sitting, the patient
places both of his/her feet on the ground, and the tendon is hit.
The examiner should hold his/her other hand on the quadriceps
muscle (thigh) of the patient to feel the muscle contraction. The
reflex involves the femoral nerve and the L2–3–4 spinal
segments.

f.) Achilles reflex (ankle jerk): The patient is supine. The
patient’s foot is grasped and slightly dorsiflexed by the
examiner while the knee is flexed, and the Achilles tendon is
hit. This results in the plantarflexion of the foot. An alternative
method is when the patient kneels on a chair with his/her feet
hanging loosely from the edge of the chair. The examiner places
one hand on the sole and hits with the other on the Achilles
tendon. Slight differences may be felt with this method. The
reflex involves the tibial nerve and the S1 spinal segment.

Clonus

If reflexes are weak, certain maneuvres may be used to make them
stronger. For example, Jendrassik’s maneuvre serves to increase the
knee and ankle jerk: the patient is asked to hook his/her fingers of the
two hands and to pull them forcefully apart without separating the two
hands (strong isometric contraction). During this maneuvre, the patella
and Achilles reflex should be tested and an increase in reflex amplitude
may be observed. Jendrassik (1885) explained the phenomenon by a
general increase of muscle tone.

Clonus is defined as a rhythmic, repeated reflex response to a sustained
stretch stimulus, which is a sign of increased reflexes. It is seen more
often in the lower limbs. Foot clonus is elicited by a quick and strong,
sustained dorsiflexion of the foot. Knee clonus is elicited by quickly
pulling the patella downwards and keeping it in this position on the
extended knee of a supine patient. Clonus may become exhausted or it
may continue until the stretch stimulus is sustained.

Deep tendon reflexes are absent or weak as a result of damage to the
reflex arch (lesion of the sensory or motor nerves, anterior and posterior
spinal roots, spinal ganglia, anterior horn motoneurons, and
neuromuscular synapses), in myopathies and in cerebellar disorders. In
case of corticospinal tract lesion, reflexes are usually increased because
of the joint lesion of inhibitory pathways.

II./2.5.2. Examination of superficial reflexes

In superficial reflexes, the receptors and effector organs are not



co-localized. These reflexes are polysynaptic, the reflex pathway passes
through the cortex, and the reflex time is several times longer than in
case of the deep tendon reflexes.

1.) Corneal reflex, oculopalpebral reflex

2.) Mucuous membrane reflexes:

a.) Pharyngeal or gag reflex

b.) Soft palate reflex

Superficial reflexes

Cutaneous reflexes:

a.) Abdominal cutaneous reflexes: Stimulation of the skin of
the abdomen causes contraction of abdominal muscles and the
umbilicus moves towards the side of the stimulus. They are
divided into upper (Th7-8), middle (Th9-10) and lower
(Th11-12) abdominal cutaneous reflexes. A unilateral loss of
these reflexes may be seen in lesion of the spinal cord, spinal
roots and intercostal nerves. If there is a corticospinal lesion
proximal to the Th10 spinal segment, abdominal reflexes on all
three levels are lost.

b.) Cremasteric reflex: If the skin on the inner side of the thigh
is stroked with a blunt object, the testicle on the side of the
stimulus is elevated. The reflex arch involves the L1-2 spinal
segments.

c.) Anal reflex: Stimulation of the perianal skin causes
contraction of the external anal sphincter. The reflex arch
involves the S4-5 spinal segments.

d.) Plantar reflex: Stimulation of the skin of the foot sole
causes, as a physiological response, flexion of the toes. The
reflex arch involves the tibial nerve and the L4-S2 spinal
segments and roots.

Cutaneous reflexes may be weak or absent in both peripheral lesions
(e.g. the anal reflex may be lost in cauda equina lesion, abdominal
cutaneous reflexes may be lost in segmental radicular lesions, etc.), and
central nervous system lesions (e.g. spinal cord disorders).

II./2.5.3. Pyramidal signs

Lower limbs:

Babinski sign: Stimulation of the skin on the outer edge of the sole
from the heel towards the toes in a curved line may cause the slow, tonic
dorsiflexion of the great toe (go to the video). Fan sign: in addition to
the dorsiflexion of the great toe, spreading of the toes is also seen. In a
mild lesion, it is possible that no response whatsoever is seen (the
physiologic flexion is also missing), which is called ʽmute sole’. This
may be considered abnormal if a normal flexion response is present on
the other side.

Pyramidal signs marked with * are associated with the slow, tonic
dorsiflexion of the great toe:

*Chaddock’s sign: stimulation of the dorsum of the foot with a blunt
object starting from the lateral ankle and going forward (go to the



Pyramidal signs video).

*Gordon’s sign: squeezing of the triceps surae muscle (go to the video).

*Oppenheim’s sign: the examiner exerts pressure by his/her thumb and
index fingers on the edge of the tibia under the knee, and then slides
downward on the tibia keeping the pressure constant (go to the video).

*Schaefer’s sign: squeezing of the Achilles tendon (go to the video).

Mendel–Bechterew’s sign: the cuboid bone is hit with a reflex hammer.
This results in a quick plantarflexion of the toes.

Rossolimo’s sign: the toes are tapped from underneath, which elicits
plantarflexion of the toes. An alternative method is to strike with a reflex
hammer on the sole just under the toes.

Upper limbs:

Hoffmann’s sign: The distal phalanx of the patient’s middle finger is
supported from underneath by the examiner’s right index finger, then it
is quickly pushed downward with the examiner’s right thumb and
quickly released. As a result, the flexion and adduction of the thumb
occurs, occasionally accompanied by flexion of all fingers (go to the
video).

Trömner’s sign: The examiner takes with his/her left hand the pronated
hand of the patient in a way not to restrict the movement of the thumb
and the index finger. The patient’s 2nd-4th fingers are tapped from
underneath. The test is positive if flexion and adduction of the thumb
and/or flexion of the other fingers occurs.

Hoffmann and Trömner’s sign are actually the deep tendon reflex of the
finger flexors. It is considered as a pyramidal sign only if it is
asymmetrical, or when present bilaterally but other signs of
corticospinal lesion are also present.

Mayer’s sign: The patient’s middle finger is forcefully flexed at
metacarpophalangeal joint, which normally results in the opposition of
the thumb. This opposition is missing in lesion of the C6-Th1 spinal
segments, peripheral nerves, motor cortex, and the corticospinal tract. It
may be increased and associated with grasp reflex in frontal lobe lesion.

II./2.5.4. Frontal release signs (primitive reflexes)

Frontal release signs are considered partly the return of phenomena
normally seen in newborns, and are usually associated with the lesion of
prefrontal regions. They include two main groups of reflexes (grasp and
sucking reflexes), and a few other phenomena.

Grasp reflex and its grades of severity:

1.) Reaching: the patient reaches for objects appearing in
his/her visual field

2.) Grasp reflex: the patient grasps the object touching his/her
palm without being asked to do so

3.) Forceful grasping: the patient grasps the object touching
his/her palm and is unable to release it

Sucking reflex and its grade of severity:



1.) Oral tendency: touching the skin around the mouth with a
spatula causes pouting of the lips

2.) Sucking reflex: sucking movements are elicited when a
spatula is placed between the lips.

3.) Bulldog’s reflex: if a spatula is placed between the upper
and lower teeth, the patient bites it and is unable to release it.
Caution should be exercised in intubated patients to avoid
damage to the tube.

Frontal release signs

Other frontal release signs:

a.) Gegenhalten: a resistance is felt against the direction of
movement when the patient’s limbs are passively moved

b.) midline reflexes:

glabellar reflex: if the forehead between the two eyes is
slightly tapped, eye closure occurs, which however
habituates after a few times. It is considered as a frontal
release sign if it doesn’t habituate and is elicited with
every consecutive tapping.

masseter reflex: it is a normal reflex. The increase of
masseter reflex is a sign of central lesion.

c.) support reflexes:

in the supinated and extended upper limb, the passive
dorsiflexion of the fingers and the wrist elicits extension or
fixes extension in the elbow (positive support reflex,
abnormal finding). If, on the contrary, the fingers in the
metacarpophalangeal joints and the wrist is passively
flexed, flexion occurs also in the elbow (Léri’s sign,
negative support reflex, normal finding, abnormal when
absent).

Description of normal findings:

Deep tendon reflexes are of medium amplitude and are symmetric.
Abdominal cutaneous reflexes are elicitable. No pyramidal or frontal
release signs.

Differentiation between upper and lower motoneuron lesion

Upper motoneuron
lesion

Upper motoneuron lesion is caused by damage to the upper
motoneurons and their axons in the cortex, corona radiata, internal
capsule, brainstem and the lateral column of the spinal cord (Table 3).
Depending on the site of the lesion and duration of the paralysis,
paralysis due to upper motoneuron lesion may be flaccid or spastic.
There is no muscle atrophy, although some degree of atrophy may
develop after a long time due to inactivity. Babinski sign (and other
pyramidal signs) may be present. Deep tendon reflexes are increased.



Table 3

Lower motoneuron
lesion

Lower motoneuron lesion is caused by damage to the bulbar and spinal
motoneurons at the level of the cell bodies, axons and neuromuscular
synapses. In addition to the paralysis, its symptoms include decreased or
absent deep tendon reflexes, flaccid muscle tone, muscle atrophy, and
fasciculation. Pyramidal signs are not present.


