
II./2.4. Examination of the motor system
Anatomy

Nervous structures responsible for voluntary motor control:

a.) The supraspinal motoneurons are located in the cortex and
the brainstem, with their descending axons ending in the
brainstem and the spinal cord. The outflow of the motor
system includes the corticospinal, corticobulbar,
corticoreticular, reticulospinal, rubrospinal, vestibulospinal,
and tectospinal tracts. Structures involved in voluntary motor
control are the motor cortex, basal ganglia, thalamus, and the
cerebellum.

b.) The segmental motor apparatus includes the - and
-motoneurons of the spinal cord, and cells involved in
polysynaptic spinal reflexes.

Motor cortex

Motor cortex

The motor cortex is the precentral gyrus (Br4), however the Br6a, 6a,
8, 3, 1, 2, 5, 7, 19, 23, and 24 fields influence motor control as well.

a.) The primary motor cortex (Br4) contains the cortical,
central or upper motoneurons. The giant pyramidal cells of
Betz are found in the 5th layer of Br4. The representation areas
of individual muscle groups and their synergists show an
overlap.

b.) The premotor area (Br6a and Br6a areas) sends efferent
fibers to the primary motor cortex, the reticular formation and
the spinal motoneurons; it has bilateral connections with the
Br5 and Br7 fields, the frontal eye field, the supplementary
motor cortex, and the thalamus. The premotor neurons
innervate the trunk and proximal limb muscles, prepare the
motor cortex for the execution of movement, and coordinate
visual and acoustic signals with movement.

c.) The supplementary motor cortex is in the medial surface
of the Br6afield, the part anterior to the lobulus paracentralis.
It receives input from the Br4, the somatosensory and the
premotor cortices, and the thalamus. Its efferent fibers reach
the primary motor cortex, the reticular formation, and it has a
direct connection with spinal motoneurons and the
intermediate zone of the spinal cord. The supplementary motor
cortex regulates muscle tone, organizes hand movements
controlled by tactile stimuli. It inhibits mirror movements and
coordinates sequential limb movements. Lesion of the
supplementary motor cortex leads to spastic paresis, grasp
reflex, hypometry, gait apraxia, and akinetic mutism.

d.) Frontal eye field (Br8) is located directly anterior to the
premotor area.

Consequences of damage to the motor cortex

Circulatory insufficiency in the territory of the middle cerebral artery
causes hemiparesis in a faciobrachial distribution: muscles of the face
and the hand and arm are severely weak, whereas the lower limb is



hardly affected. Circulatory insufficiency in the territory of the anterior
cerebral artery causes hemiparesis involving mainly the lower limb.
These topographical relations also determine the sequence of recovery
after a damage to the motor cortex: the shoulder, arm and lower limb
muscles recover before distal hand muscles.

The corticospinal tract descends from the cortex through the corona
radiata and the posterior limb of the internal capsule. The order of
fibers is the following: face-upper limb-trunk-lower limb. They are
located in the middle portion of the cerebral peduncle, and divide into
several bundles within the base of the pons. Eighty-five percent of
fibers going through the pyramid decussate in the lower part of the
medulla, and descend as the lateral corticospinal tract in the lateral
column of the spinal cord. Fifteen percent of the fibers are uncrossed
and descend as the anterior corticospinal tract in the anterior column
of the spinal cord; some of these fibers decussate in the anterior
commissure.

A circumscribed lesion in the primary motor cortex causes flaccid
paralysis, similarly to a lesion in the cerebral peduncle and the very
rare isolated lesion of the medullary pyramid. Spastic paralysis
develops if the primary motor cortex is damaged together with the
premotor and supplementary motor areas, or with axons leaving these
areas.

The corticobulbar tract ends in the brainstem, in the nuclei of cranial
nerves with motor function (5th, 7th, 9th, 10th, 11th, and 12th cranial
nerve). The pathway of horizontal gaze originates from the Br8 area,
and descends in the posterior limb of the internal capsule anterior to
the other pyramidal fibers to the colliculus superior.

The striate loop

The cerebellar loop

Prefrontal loops

Subcortical loops involved in motor control

Both subcortical loops originate in the cortex and return to the cortex
via the thalamus.

The “striate loop” has a direct and an indirect pathway.

The direct pathway facilitates movement (D1 receptors); its
components: substantia nigra – pars compacta (SNc) – Globus pallidus
internus (Gpi) – Thalamus (Th) – Cortex.

The indirect pathway inhibits movement (D2 receptors); its
components: SNc – Globus pallidus externus – subthalamic nucleus -
GPi – Th – Cortex.

The “cerebellar loop” originates in the somatomotor regions of the
cortex, and projects to the cerebellar cortex via pontine nuclei. From
the cerebellar cortex, it projects back to the motor cortex, also via the
thalamus. It directly controls movement initiation and execution,
adjusting the actual movement to the motor plan.

The prefrontal loops

In addition to the striate and cerebellar loops, voluntary motor control
is indirectly affected by the eye movement, dorsolateral, lateral orbital
and anterior cingulate loops.

The eye movement loop originates from the frontal eye field
(Br8), descends to the caudate nucleus, the globus pallidus and
the substantia nigra, and from here returns to the frontal eye
field via the dorsomedial thalamic nucleus. This loop is
responsible for the organization of saccades.



The dorsolateral prefrontal loop originates from the Br8, 9,
10, 11, 46 areas, it relays through the caudate nucleus, the
globus pallidus internus, the rostral part of the substantia nigra
(direct pathway), and the globus pallidus externus, the
subthalamic nucleus, substantia nigra (indirect pathway), and
returns to the dorsolateral cortex. Damage to this loop leads to
the disorder of executive function. Thinking power is also
affected, speech is slow, the ability to form hypotheses and to
learn is decreased, as well as constructive ability.

The lateral orbitofrontal loop originates from the inferior
lateral cortex (Br10, 11, 12, 13, 47), descends to the caudate
nucleus, and from there connects to the globus pallidus
internus and the substantia nigra. From here, fibers connect to
the ventral anterior and dorsomedial nucleus of the thalamus,
and finally returns to the orbitofrontal cortex. This loop plays a
role in learning and choosing behavior patterns. Damage to the
orbitofrontal loop causes an impulsive and disinhibited
behavior.

The anterior cingulate loop originates from the anterior part
of the cingulate cortex (Br24, 32) and connects to the limbic
striate system. Efferents from the pallidum and the substantia
nigra run to the paramedial part of the dorsomedial nucleus of
the thalamus, and to the ventral tegmental area, the habenula,
the hypothalamus and the amygdala. The loop returns to the
cingulate cortex via the dorsomedial nucleus. The anterior
cingulate loop plays a role in attention, thinking, memory, and
emotions.

The role of brainstem in motor control

a.) The lateral vestibulospinal tract conveys vestibular
adjusting and postural information to spinal motoneurons.

b.) The medial vestibulospinal tract descends to the upper
thoracic segments as the sulcomarginal fascicle. It connects
with motoneurons innervating the cervical muscles and
influences adjusting and postural reflexes.

c.) The corticoreticular and reticulospinal tract: The
corticoreticular tract originates from the premotor and
supplementary motor areas, and continues from the reticular
formation as the reticulospinal pathway to the spinal
motoneurons.

Spinal motoneurons

d.) The tectospinal and rubrospinal tracts end on interneurons
in the spinal cord, and influence the head position required for
fixation, muscle tone and balance.

Segmental motor apparatus of the spinal cord

The motoneurons of the spinal cord are called peripheral or lower
motoneurons. The corticospinal tract ends on the - és -motoneurons via
interneurons. The myelinated, fast conducting A fibers of motoneurons
leave the spinal cord and form the anterior spinal roots, which unite
with the posterior roots at the level of the spinal ganglia, and continue
as the spinal nerves. In addition to the sensory and motor fibers,
efferent autonomic fibers originating from the lateral column of the



Spasticity

Rigidity

spinal cord and afferent autonomic fibers originating from the
paravertebral ganglia are also found in the spinal nerves. The spinal
nerves leave the spinal canal through the intervertebral foramina. A
motor unit consists of the spinal motoneuron and the muscle fibers
innervated by the given spinal motoneuron. The myelinated, fast
conducting A fibers eventually reach the muscles they innervate. The
number of muscle fibers innervated by a spinal motoneuron is variable.

Muscle tone

Muscle tone is the involuntary tension of the muscle. Muscle tone is
regulated both by spinal (monosynaptic reflex, gamma-loop, spinal
polysynaptic reflexes) and supraspinal (motor cortex, mesencephalon,
reticular formation and vestibular system) mechanisms.

Spastic muscle tone: Combined lesion of the Br4, supplementary and
premotor areas, or their connections, and the unilateral damage of the
corticospinal and reticulospinal tracts lead to a preferential increase of
flexor muscle tone in the upper limb, and extensor muscle tone in the
lower limb. This results in a posture called Wernicke–Mann posture (go
to the video).

Rigidity means the muscle tone of both the agonist and the antagonist
muscles is increased, which is unchanged in any direction and speed of
passive movement. It is a sign of Parkinson’s disease. The origin of
rigidity is unclear. In Parkinson’s disease, tendon reflexes are normal as
opposed to upper motoneuron lesion, where they are increased. In
addition to rigidity, other signs of Parkinson’s disease include hypo- or
akinesia and bradykinesia.

Decreased muscle tone:

Causes:

1.) damage to the posterior spinal roots (compression caused
by discal herniation),

2.) selective loss of spinal motoneurons (e.g. in Heine–
Medin’s disease) causes paralysis, hypotonia, areflexia and
muscle atrophy,

3.) lesion of mixed peripheral nerves (polyneuropathy,
mononeuropathy, polyganglioradiculitis, Guillain–Barré
syndrome),

4.) lesion of the anterior spinal roots.

Examination

During the examination of motor control, muscle bulk, tone and power
are assessed, as well as tendon reflexes and abnormal reflexes.

II./2.4.1. Examination of muscle bulk

Hypotrophy, atrophy

Normal muscle bulk requires intact spinal motoneurons. The muscle
will become wasted if its motoneuron is damaged. Polyneuropathy
(e.g. toxic or diabetic) leads to distal symmetric muscle atrophy. In
upper motoneuron lesion, some degree of muscle atrophy will develop
after a long period of time, due to inactivity. In myopathies and muscle
dystrophies, muscles are wasted slowly and symmetrically.



The symmetry of muscle bulk is observed during spontaneous
movements of the patient. Any asymmetry of muscle bulk may be
assessed by measuring the diameter of the legs, thighs and arms at sites
with standard distances from the joints (7, 14, 21 cm). When assessing
muscle bulk, it is very important to take into account the subcutaneous
tissue mass. Excessive subcutaneous fat may impede the evaluation of
muscle bulk, or on the contrary, localized loss of subcutaneous tissue
may mimic muscle atrophy.

II./2.4.2. Examination of muscle tone

How is muscle tone
examined?

Muscle tone is examined by the passive movement of the patient’s
limbs after asking the patient to relax the limbs as much as possible.
Decreased or increased muscle tone is based on the resistance of the
muscles examined as felt by the examiner. On the upper limbs, passive
flexion-extension of the elbows and wrists is performed. For the lower
limbs, the examiner first lifts the extended limb of the supine patient by
grasping it at the calf, then the knee and the foot is passively extended
and flexed.

What is the difference
between spastic muscle
tone and rigidity?

a.) Spasticity is characterized by the distribution of muscle
tone according to antigravity function: increased flexor tone on
the upper limbs, and increased extensor tone on the lower
limbs. Another characteristic is the clasp knife effect: the
passive resistance of leg muscles is overcome after a quick
movement and the limb is suddenly flexed. Spasticity may be
mild, moderate or severe.

b.) In case of rigidity, a constant resistance is felt, which is
independent from the speed of passive movement of the limb.
If the passive movement is stopped, the limb will remain in the
position where the movement was stopped (ʽlead pipe
phenomenon’). Another characteristic is the ʽair pillow sign’:
the head of the supine patient is passively flexed, which
returns only slowly after releasing it. In Parkinson syndrome,
ʽcogwheel phenomenon’ is also seen when moving the wrist
and elbow if rigidity is associated with tremor.

c.) In case of hypotonia, the distal parts of the limbs dangle
around when passively moved or shaken. Hypotonia
(flaccidity) may be mild, moderate or severe.

II./2.4.3. Examination of muscle power

Both crude muscle power and fine motor control are examined.

Latens paresis To test mild weakness of the limbs, especially in upper motoneuron
lesions, latent paresis tests are first performed. For the upper limbs, this
is called pronator drift test: the patient is asked to lift the arms forward
with elbows extended, forearms supinated, fingers spread, and the eyes
closed. The test is positive if the limb starts to pronate and sink,
pronation being the more sensitive sign.

For the lower limbs: 1) Mingazzini test (leg-holding test): the supine
patient is asked to flex the hips and the knees by 90 degrees, and to
hold the legs in this position. The test is positive if one or both limbs
sink. 2) Barré test: the prone patient is asked to flex the knees by 45



degrees. The test is positive if one or both limbs sink.

Then to assess grip power, the examiner gives his/her index and middle
fingers to the patient who is asked to squeeze them strongly. This is
followed by a detailed examination of muscle power in most muscle
groups against resistance exerted by the examiner. The two sides
should be always compared. For example, to test elbow flexion, the
patient is asked to flex the elbow and resist the examiner who is grasps
the patient’s arm at the wrist with one hand and places the other hand
on the patient’s shoulder. Elbow extension is tested by asking the
patient to extend the arm with the forearm supinated and to resist the
examiner who attempts to flex the elbow. To test abduction of the arm,
the patient is asked to horizontally extend both arms and to resist the
examiner who attempts to push down the upper arms. Arm adductors
are tested by asking the patient to forcefully adduct the arms against
the resistance of the examiner’s fists placed between the arms and the
trunk of the patient. Similarly, each muscle group should be tested on
the lower limbs as well.

What is the difference
between paresis and
plegia?

For the lower limbs, there is the additional possibility of using the
extra load of body weight. For example, mild weakness of the foot
extensors and flexors may be detected by asking the patient to stand on
the heels and tiptoes. Weakness of proximal lower limb muscles are
best tested by asking the patient to stand up from squatting position.
The examination of the gait is also very important, as weakness of the
lower limbs affects the gait.

Description of normal findings:

Skeletal muscle bulk, muscle tone and power are normal. Latent
paresis tests are negative.

Degree and distribution of weakness

Plegia (paralysis) means the complete loss of voluntary movement of a
muscle or limb. Paresis means muscle power is reduced, but not
completely lost: it may be of latent, mild, moderate or severe degree.

Distribution of weakness is a major clue for determining the site of
the lesion.

1.) Hemiplegia or hemiparesis: unilateral weakness of the
limbs,

2.) Monoplegia or monoparesis: weakness of one limb,

3.) Paraplegia or paraparesis: weakness of both lower limbs,

4.) Diplegia or diparesis: weakness of both upper limbs,

5.) Quadriplegia/tetraplegia or quadriparesis/tetraparesis:
weakness of all four limbs,

6.) Alternating hemiparesis: cranial nerve nuclear (lower
motoneuron) lesion on the side of lesion and contralateral
mono- or hemiparesis (go to the video).

Determining level of the lesion causing weakness:

1.) Circumscribed lesion of the motor cortex (Br4) causes
contralateral flaccid weakness, mainly affecting distal muscles.

2.) Lesion of the corona radiata and the internal capsule
causes contralateral severe spastic hemiparesis with



involvement of the lower part of the face and the tongue.

3.) Isolated lesion of the corticospinal tract in the cerebral
peduncle and lesion of the pyramid in the medulla cause
flaccid weakness, however the joint lesion of all descending
tracts leads to spastic hemiparesis.

4.) Unilateral lesion of the base of the pons causes
contralateral hemiplegia/paresis, often sparing the face.

5.) Bilateral lesion of the base of the pons causes
tetraparesis/plegia.

6.) Unilateral lesion of the cervical spinal cord at the level of
C1-4 segments causes ipsilateral spastic hemiparesis.

7.) Bilateral lesion of the cervical spinal cord at the level of
C1-4 segments causes spastic quadriparesis.

8.) Lesion of the cervical spinal cord at the level of C5-Th1
segments causes spastic weakness of the lower limbs and
flaccid weakness of the upper limbs.

9.) Lesion of the thoracic spinal cord causes spastic
paraparesis (or ipsilateral spastic monoparesis in case of a
unilateral lesion).

10.) Lesion of the lumbosacral spinal cord causes flaccid
paraparesis.

11.) Lesion of spinal motoneurons and anterior roots causes
flaccid weakness of segmental distribution (in the
corresponding myotomes).

12.) Lesion of peripheral nerves causes flaccid weakness in
the distribution of the given nerve.

13.) Polyneuropathy typically causes distal symmetrical
flaccid weakness of the limbs, first on the lower limbs.

14.) Myopathy typically causes proximal symmetrical flaccid
weakness of the limbs, primarily on the lower limbs.


