
II./2.11. Special considerations
After a general description of neurological patient examination, four
special situations are considered. These four basic situations
demonstrate how the elements previously described relate to each other
in a specific situation.

Four basic situations:

1.) examination of spinal cord damage

2.) recognizing lesions of individual peripheral nerves

3.) examination of an unconscious patient

4.) examination of a patient with Parkinson’s disease

II./2.11.1. Examination of spinal cord damage

At the level of which
vertebra does the spinal
cord end?

The spinal cord is the continuation of the medulla, which ends at the
level of the 1st lumbar vertebra. The grey matter of the spinal cord has
the shape of a butterfly, which divides the longitudinal columns of
white matter containing the ascending and descending tracts (dorsal,
lateral and medial columns).

The spinal cord is thicker at the cervical region (C3 and Th1 vertebrae)
due to the motoneurons innervating muscles of the upper limb (cervical
intumescence). Motoneurons of the lower limb are located in the
lumbar intumescence (at the level of Th9-12 vertebrae).

The sensory fibers in the posterior roots enter the spinal cord in the
lateral posterior sulcus on both sides of the spinal cord, and the motor
fibers forming the anterior roots leave the spinal cord in the lateral
anterior sulcus. The spinal ganglia are located on the posterior roots,
which are made up of the cell bodies of pseudounipolar sensory
neurons. After the spinal ganglia, the anterior and posterior roots unite
to form the spinal nerves and leave the spinal canal via the
intervertebral foramina.

Below the level of the conus (L1 vertebra), the spinal canal is filled
with spinal nerve roots. Thirty-one pairs of spinal nerves originate from
a same number of spinal segments. Eight pairs of spinal nerve exit in
the cervical segment, 12 pairs in the thoracic segment, 5 pairs in the
lumbar segments, 5 pairs in the sacral segments, and 1 pair through the
coccygeal bone. The spinal canal is longer than the spinal cord, thus the
level of spinal cord segments does not correspond to the level of the
vertebrae.

The 8th cervical spinal nerve exits under the 7th cervical vertebra,
because the 1st cervical spinal nerve exits under the atlas. Thus, in the
cervical segment, the other roots-spinal nerves are also named after the
vertebrae below them.

In the thoracic and lumbar segment, this rule is the opposite, the 1st
thoracic spinal nerve exits under the 1st thoracic vertebra (Table 7). Up
to the 5th - 8th thoracic vertebrae, the spinal roots descend one segment
before leaving the spinal canal; from here until the 1st lumbar vertebra,
the spinal roots descend 2-3 or 4-5 segments before exiting the spinal
canal.



Table 7

The segmental level of spinal cord lesion is established by the upper
level of sensory deficiency. The spinous processes cover each other like
roof tiles, thus in the thoracic segment the spinous process of a given
vertebra is one vertebra below its body.

Symptoms of the lesion of ascending systems

The symptoms of damage to the posterior columns are
described earlier.

Lesion of the posterior horns of the spinal cord: loss of
sensation in a segmental distribution, corresponding to the level
and side of lesion. Pain and temperature sensation is primarily
affected, proprioceptive sensation is spared (dissociated
sensory disturbance).

Lesion of the ventral white matter of the spinal cord:
dissociated sensory loss (loss of pain and temperature
sensation, with preserved proprioceptive sensation) on both
sides in the involved segments, because the decussating
spinothalamic fibers are affected. Causes: syringomyelia,
hematomyelia, rarely intramedullary tumor.

Combined lesions

What is the cause of
combined system
degeneration?

A.) The central lesion of the spinal cord (tumor, syringomyelia
in the cervical level) leads to dissociated sensory loss. In larger
lesions extending laterally, the corticospinal tracts and the
anterior horns may also be damaged with appropriate motor
symptoms.

B.) Combined lesion of the posterior columns and
corticopinal tracts: loss of proprioceptive sensation with
marked sensory ataxia (ataxia worsening in darkness), signs of
corticospinal (upper motoneuron) lesion. This is most often
seen in vitamin B12 deficiency states (pernicious anemia –
combined system degeneration, malabsorption).

C.) Lesion of anterior horns of the spinal cord: the
motoneurons innervating individual muscle groups within the
anterior horn form separate groups within the anterior horn.
The isolated involvement of anterior horns is usually seen in
systemic diseases (poliomyelitis, amyotrophic lateralsclerosis).
Signs of lower motoneuron lesion are seen corresponding to the
affected segment(s): weakness, muscle atrophy, hypotonia,
areflexia, fasciculation.



D.) Vascular damage of the spinal cord: most often seen in
occlusion of the anterior spinal artery, which leads to an
anterior-central infarct, sparing the posterior regions.
Accordingly, protopathic sensation is lost, proprioceptive
sensation is preserved, which is associated with quadri- or
paraparesis, usually of the upper motoneuron type.

E.) Combined lesion of the corticospinal tract and spinal
motoneurons: weakness with simultaneous presence of
attributes of upper and lower motoneuron lesion (e.g. brisk
reflexes in a wasted muscle). This is mainly seen in
amyotrophic lateralsclerosis.

What type of sensory
disturbance develops in a
unilateral spinal cord
lesion?

F.) Brown–Sèquard’s syndrome: unilateral lesion of the spinal
cord. It is associated with ipsilateral spastic weakness (initially
flaccid) with pyramidal signs, ipsilateral loss of proprioceptive
sensation, and contralateral loss of spinothalamic sensation. All
of these symptoms occur below the level of lesion.
Additionally, loss of all sensation and signs of lower
motoneuron lesion corresponding to the damaged spinal
segment are also present.

G.) Complete transverse lesion of the spinal cord:
Immediately after the lesion (spinal shock): flaccid paralysis
and areflexia below the level of lesion, complete loss of all
sensation with an upper level indicating the spinal segment
where the lesion occurred, loss of all autonomic function
(flaccid bladder). After a few weeks, as the phase of spinal
shock gradually resolves, hyperreflexia, pyramidal signs,
spasticity, increased nociceptive flexor reflexes, and automatic
bladder function appear. Loss of sensation and paralysis are
unchanged. If the transverse lesion is in the C3 segment or
above, respiratory insufficiency also develops.

H.) Isolated lesion of the corticospinal tracts: occurs mainly in
systemic diseases, such as hereditary spastic paraparesis or
amyotrophic lateralsclerosis. It is characterized by a slowly
progressive spastic paraparesis and spastic gait with pyramidal
signs, without sensory disturbance.

I.) Combined lesion of the posterior columns, spinocerebellar
tracts and corticospinal tracts: This occurs in Friedreich’s
ataxia, which is an autosomal recessive hereditary disease
starting in young adulthood.

J.) Conus syndrome (S2-S5): The upper border of the conus is
at the level of the 12th vertebra. Lesion of the conus may be
caused by intramedullary tumors, metastasis, or ischemia in the
territory of the great radicular artery. Symptoms of isolated
conus lesion: flaccid paralysis of the bladder and rectum,
impotence, loss of sensation in S2-S5 segments (ʽriding pant’
distribution), and loss of anal reflex. There is no weakness or
reflex loss in the lower limbs.

Why is there no

K.) Cauda syndrome: The cauda equina is the mass of
lumbosacral spinal roots in the spinal canal below the level of
the conus. Symptoms: radicular pain and loss or disturbance of
all sensory modalities on the lower limbs (L2-S1 segments) in a
ʽpantyhose’ distribution, flaccid paralysis and loss of deep



Babinski sign in cauda
syndrome?

tendon reflexes in the lower limbs, flaccid bladder. It may be
caused by infiltrative tumors, or partial lesion is seen in discal
herniations.

II./2.11.2. Symptoms of peripheral nerve damage

Paralysis of lower motoneuron type (peripheral weakness) may be
caused by the lesion of the motor nuclei of cranial nerves and the spinal
motoneurons (anterior horns of the spinal cord), and their axons at any
level after exiting the brainstem/spinal cord on their way to the muscles.

a.) Paralysis and atrophy of muscles innervated by the damaged
nerve. Abnormal posture of the limb may develop (e.g. wrist
drop, claw hand, foot drop, etc.).

b.) Loss of deep tendon reflexes of paralyzed muscles.

c.) Decreased muscle tone of paralyzed muscles (flaccid
weakness).

d.) Sensory disturbance affecting all sensory modalities, with
neuropathic pain and trophic disturbances.

e.) Autonomic disturbances (loss of sweating, dry skin,
swelling, cyanosis).

Symptoms of radicular lesion:

1.) radicular pain corresponding to the affected root;

2.) weakness of lower motoneuron type in the distribution of
the affected root (myotome);

3.) loss of deep tendon reflexes in the affected segment;

4.) no autonomic disturbance.

In case of a radicular lesion, the border of sensory disturbance is not
sharp but blurred, due to the overlap of neighboring dermatomes. In a
peripheral nerve lesion, the borders are sharp. One muscle receives
innervation from several spinal segments (roots), but nonetheless
certain muscles are preferentially affected in the lesion of specific roots
(‘indicator muscles’) (Table 8).

Table 8

Cervical plexus

The motor fibers of the C1–2 roots form an anastomosis with the 12th



cranial nerve, and supply the sub- and suprahyoid muscles. Cervical
muscles are innervated by the C1-4 segments, and the scaleni muscles
by the C3-5 segments (the latter elevate the upper part of the thorax
during respiration).

The phrenic nerve receives fibers from the C3-5 segments. Unilateral
phrenic nerve lesion is usually symptom-free, bilateral lesion causes
dyspnea, especially in the supine position.

Cervical plexus

The greater occipital nerve receives fibers from the C2 segment. Its
lesion causes occipital neuralgia.

The lesser occipital nerve and the greater auricular nerve receive
fibers from the C2-3 segments, and innervate the ear, the skin of the
back of the head and the mastoid process, and the parotid gland.

The cutaneus colli nerve (C3-4) innervates the skin of the anterior
neck, including the supra- and infraclavicular region, and the shoulders.

Brachial plexus

The brachial plexus originates from the C5-8 and the Th1 roots, which
first form trunks: upper trunk (C5–6), middle trunk (C7) and lower
trunk (C8–Th1). The trunks then divide to form cords.

Lateral cord: receives C5–7 fibers, origin of the
musculocutaneus nerve and partly the median nerve

Posterior cord: receives C5–Th1 fibers, origin of the axillary
nerve and the radial nerve

Medial cord: receives C8–Th1 fibers, origin of the ulnar nerve,
and partly of the median nerve

a.) Upper brachial plexus lesion (Erb–Duchenne): lesion
of mainly the upper trunk (C5-6 fibers), with consequent
weakness of the deltoid, biceps, brachial, supra- and
infraspinatus muscles. The arm of the patient hangs down,
and is slightly inwardly rotated. Hand movements are
normal. Sensory loss is seen over the deltoid muscle, and
on the radial aspect of the forearm and hand. The biceps
and radial reflex are lost.

b.) Middle brachial plexus lesion: lesion of mainly the C7
segment, it is a rare syndrome. Symptoms: weakness of
triceps, pectoralis major and finger extensors, and sensory
loss on the middle finger.

c.) Lower brachial plexus lesion (Klumpke): lesion of
mainly the lower trunk (C8-Th1 fibers). The small hand
muscles, the long finger flexors and wrist flexors are weak.
Sensory disturbance is found on the ulnar aspect of the
forearm and the hand. Horner-triad may also be present
due to the involvement of Th1 segment.

Long thoracic nerve

The long thoracic nerve receives fibers from the C5-7 segments, and
innervates the anterior serratus muscle. The weakness of the anterior
serratus muscle causes ʽscapula alata’, which is best seen when the
patient elevates the arm forward to the horizontal plane.

Musculocutaneus nerve



The musculocutaneus nerve receives fibers from the C5–6 segments,
and innervates the biceps brachii and brachialis muscles. Its sensory
terminal branch, the lateral cutaneus antebrachii nerve innervates the
skin of the lateral aspect of the forearm. Symptoms of musculocutaneus
nerve lesion: weakness of elbow flexion when the forearm is supinated,
sensory loss on the lateral aspect of the forearm, loss of biceps reflex
with preserved radial reflex.

Axillary nerve

The axillary nerve receives fibers from the C5–6 segments, and
innervates the deltoid and the teres minor muscles. Its sensory branch
innervates the skin over the deltoid muscle. It is most often damaged in
shoulder traumas (luxation, fracture of the humerus head). Symptoms
of axillary nerve lesion: weakness of arm abduction and outward
rotation, with sensory loss over the deltoid muscle.

Median nerve

The median nerve receives fibers from the C6-Th1 segments, and
innervates most of the forearm flexors and the pronator teres muscle
(with the exception of the flexor carpi ulnaris and the ulnar half of the
flexor digitorum profundus), most of the thenar muscles (with the
exception of the adductor pollicis muscle, and the deep head of the
flexor pollicis brevis muscle), and the 1st and 2nd lumbrical muscles.
Symptoms of distal median nerve lesion: weakness of thumb abduction
and opposition, which makes grasping of objects difficult, thenar
atrophy. In a proximal lesion, the finger and forearm flexors are also
weak and wasted, leading to ʽoath hand’. Sensory loss is seen on the
volar aspect of the hand on 1-3 fingers and the radial side of the 4th
finger, including the distal dorsal aspects of these fingers as well.

Carpal tunnel syndrome:

What is carpal tunnel
syndrome?

The median nerve is compressed at the wrist below the transverse
carpal ligament, which is usually bilateral. Risk factors include
hypothyroidism, rheumatoid arthritis, diabetes mellitus, acromegalia,
and amyloidosis. The first symptom is pain and paresthesia of the 1-3
fingers, especially during the night, then atrophy and weakness of the
thenar.

Ulnar nerve

The ulnar nerve receives fibers from the C8-Th1 segments, and
innervates the flexor carpi ulnaris, ulnar half of the flexor digitorum
profundus, the interosseus, the adductor pollicis, the deep head of the
flexor pollicis brevis, and the lumbrical muscles, with the exception of
the first two lumbrical muscles. It is most often damaged at the elbow,
in the sulcus nervi ulnaris.

Motor symptoms: weakness of abduction and adduction of all fingers,
including adduction of the thumb, abduction and opposition of the little
finger. The posture of ʽclaw hand’ develops, with atrophy of small hand
muscles.

Sensory disturbance: on the ulnar aspect of the hand, the little finger
and the ulnar aspect of the ring finger.

Radial nerve

The radial nerve receives fibers from the C5–C8 segments, via the
posterior cord. It innervates the triceps, anconeus, brachioradial,



forearm extensors, supinator muscles, and the long abductor of the
thumb. Its sensory innervation area includes the posterior aspect of the
upper arm (posterior cutaneus nerve of the arm), and the radial aspect of
the forearm and hand. The nerve may be damaged on the upper arm due
to compression (ʽSaturday night palsy’) or humerus fracture, or in the
axilla by compression (ʽcrutch paralysis’).

Motor symptoms: weakness of wrist and finger extensors, leading to
wrist drop. The patient can only make a fist or spread the fingers if the
hand is passively extended. The triceps muscle is affected only in very
proximal lesions (in the axilla). Loss of (triceps) and radial reflex.

Sensory disturbance: on the radial aspect of the hand and thumb. If the
superficial branch of the radial nerve is damaged at the level of the
wrist, only sensory symptoms will develop, without motor deficit.

Lumbar plexus

Lumbar plexus

The lumbar plexus receives fibers from the Th12–L4 segments. The L1
fibers form the ilioinguinal nerve, L1–2 fibers the genitofemoral nerve.
The L4 fibers partly make up the obturatory nerve and the femoral
nerve. The lateral cutaneus femoral nerve receives L2-3 fibers.

The clinical significance of ilioinguinal and genitofemoral nerve lesions
is negligible. Lesion of the lateral cutaneus femoral nerve causes
paresthesia and pain on the lateral aspect of the thigh, which is a
common condition caused by compression of the nerve under the
inguinal ligament. It is also common in obese and diabetic individuals.

Femoral nerve

The femoral nerve receives fibers from the L2-4 segments. In the pelvis,
it is found under the psoas major muscle, and exits the pelvis under the
inguinal ligament lateral to the femoral artery. Branches of the nerve
above the inguinal ligament innervate the iliopsoas muscle, branches
arising under the ligament supply the sartorius, pectineus, and
quadriceps femoris muscles. Its sensory innervation area includes the
skin of the anterior and medial aspect of the thigh, and the medial
aspect of the leg via the saphenus nerve. The femoral nerve is most
often damaged in the pelvis, for example by hemorrhage, abscess in the
psoas major muscle.

Motor symptoms: weakness of hip flexion (iliopsoas muscle) and knee
extension (quadriceps femoris muscle). Due to the loss of the
stabilizing effect of the quadriceps muscle, the gait is also affected.

Obturatory nerve

The obturatory nerve receives fibers from the L2-4 segments. It
innervates the obturator externus muscle and the adductor muscle
group. Obturatory nerve lesion leads to the inability of adduction and
outward rotation of the thigh.

Sacral plexus

Sacral plexus

The sacral plexus receives fibers from the L4–5 and S1–2 segments,
and continues mainly as the sciatic nerve. The two major branches of
the sciatic nerve are the common peroneal nerve, and the tibial nerve.

Superior gluteal nerve (L4–S1)

Lesion of the superior gluteal nerve causes weakness of the gluteus
medius and minimus muscles, leading to Trendelenburg gait and



weakness of thigh abduction.

Inferior gluteal nerve (L5–S2)

The inferior gluteal nerve innervates the gluteus maximus muscle. Its
weakness causes difficulty in getting up from a sitting position.

Sciatic nerve (L4–S3)

The sciatic nerve receives fibers from the L4–5 and S1–2 segments. It
exits the pelvis through the sciatic foramen. On the thigh, the nerve’s
tibial part innervates the biceps femoris, semitendinosus and
semimembranosus muscles, the peroneal part the short head of the
biceps femoris muscle. The sciatic nerve may be damaged in hip
operations or traumas.

Motor symptoms: weakness of knee flexion, and all muscles of the leg
and foot (combined symptoms of peroneal and tibial nerve lesions, see
below).

Sciatic syndrome: This syndrome refers to the common painful
condition caused by discal herniation compressing the nerve roots
(L4-5, S1) within the spinal canal that eventually form the sciatic nerve.
The patient complains of pain radiating from the low back or hip region
to the leg, usually all the way down to the outer ankle. Lumbar muscle
spasm, positive Lasègue’s sign (pain provoked in the low back region
by passive elevation of the extended lower limb) are seen, in addition to
other symptoms of L4-5, S1 segmental damage.

Common peroneal nerve (L4–S2)

What is the difference
between low back pain
and sciatic syndrome?

The common peroneal nerve receives fibers from the L4–5 and S1–2
segments. It separates from the sciatic nerve above the popliteal fossa.
One of its branch is the lateral sural cutaneus nerve, which unites with
the medial sural cutaneus nerve originating from the tibial nerve, to
form the sural nerve. The sural nerve supplies the skin of the lateral-
dorsal aspect of the leg and lateral aspect of the foot, including the little
toe. The common peroneal nerve divides under the fibular head into a
deep and a superficial branch. The superficial peroneal nerve innervates
the long and short peroneal muscles, and the skin of the lateral-anterior
aspect of the leg, and the dorsum of the foot. The deep peroneal nerve
innervates the tibialis anterior muscle, and extensors of the toes. Its
terminal sensory branch innervates the wedge-shaped skin area between
the first and second toes. The nerve is commonly damaged at the fibular
head by compression or trauma. Symptoms mimicking a common
peroneal nerve lesion may develop at more proximal sites, e.g. at the
level of the sciatic nerve, lumbosacral plexus, and spinal roots.

Motor symptoms: weakness of foot dorsiflexors and pronation of the
foot, causing a foot drop (steppage gait). The patient is unable to stand
on the heel.

Sensory disturbance: on the dorsum of the foot and the lateral aspect of
the leg.

Tibial nerve

The tibial nerve receives fibers from the L4–5 and S1–2 segments. It
separates from the sciatic nerve above the popliteal fossa. The tibial
nerve innervates the gastrocnemius, the soleus, the flexors of the toes,
tibialis posterior muscles, and the muscles of the sole of the foot. Its
sensory innervation area includes the sole of the foot (medial and lateral
plantar nerves), and the medial sural cutaneus nerve.



Motor symptoms: weakness of foot plantar flexors, supination of the
foot. The patient is unable to stand on tip-toes.

Sensory disturbance: on the sole of the foot.

Tarsal tunnel syndrome:

Compression of the distal tibial nerve at the inner ankle under the flexor
retinaculum. Patients complain of pain and paresthesia on the foot sole.

Pudendal (S2–4) and coccygeal (S4–5, Co) plexus

The pudendal and coccygeal plexus are usually damaged together with
the sacral plexus, causing bladder and rectum dysfunction and pain,
sensory disturbance around the anus and the genital area.


