
II./2.6. Examination of the sensory system
Sensory modalities are divided into the following two groups:

1.) Superficial (protopathic) sensation: pain, temperature,
light touch

2.) Deep (proprioceptive, epicritical) sensation: muscle and
joint position, deep pain, vibration

Anatomy

Superficial, deep and visceral sensation is conveyed by
pseudounipolar neurons, whose cell bodies are in the spinal ganglia.
The central axons of these neurons responsible for pain and
temperature sensation run in the ventral part of the posterior spinal
root and end in the posterior horn of the spinal cord. Second order
neurons decussate in the anterior commissure of the spinal cord and
ascend contralaterally to the body area they innervate. The central
axons responsible for deep sensation run in the dorsal part of the
posterior roots, and after entering the spinal cord they ascend without
synapsing, in the ipsilateral posterior column of the spinal cord.

Ascending sensory pathways in the spinal cord

Ascending sensory
pathways

Lateral spinothalamic tract: It conveys pain and temperature, and
ascends in the lateral column of the spinal cord to the ventral
posterolateral nucleus of the thalamus. Thalamocortical neurons end
in the postcentral gyrus, the primary sensory cortex.

Anterior spinothalamic tract: It conveys light touch and
undifferentiated pressure, and ascends also to the thalamus, and from
there to the postcentral gyrus.

What type of sensory
modalities are conveyed
by the posterior column-
medial lemniscal sensory
system?

Posterior column: Fibers responsible for deep sensation (muscle and
joint position, deep pain, pressure, touch, stimulus localization,
vibration, graphesthesia) ascend in the posterior column forming a
medial bundle (Goll, fasciculus gracilis), and a lateral bundle
(Burdach, fasciculus cuneatus). Proprioceptive receptors are located in
muscle spindles, tendons, fascias, and joints. The Goll fascicle
conveys information from the lower limbs and the lower part of the
trunk, and the Burdach fascicle from the neck, upper part of the trunk
and the upper limbs. After synapsing in the medulla, second order
neurons decussate and continue contralaterally in the brainstem as the
medial lemniscus. The medial lemniscus also ends in the thalamus
together with the spinothalamic tract, and then continues to the
postcentral gyrus.

Dorsal spinocerebellar tract (Flechsig): It contains fibers originating
from muscle spindles and skin receptors in the lower limbs. Second
order neurons ascend ipsilaterally in the spinal cord and end in the
upper part of the vermis.

Ventral spinocerebellar tract (Gowers): It is located in anterior region
of the lateral column of the spinal cord, and contains Ib afferents
originating mostly from the lower limbs. It ends in the vermis via the
brachium conjunctivum. The pathway decussates twice, first in the
spinal cord, then in the brachium conjunctivum.

The somatotopy of sensory fibers within the spinal cord is such that
fibers originating in lower dermatomes are more superficial. For this



reason, extramedullary compression of the spinal cord even at the
cervical or thoracic level first cause sensory disturbance in the lower
limbs. As the compression advances, sensory symptoms ʽascend’.

Symptoms of damage to sensory pathways

a.) Damage to the primary sensory cortex causes hypesthesia,
paresthesia, and numbness on the contralateral side of the
body. The sensory disturbance is more pronounced on the
distal aspects of the limbs.

b.) Damage to the medial lemniscus causes disturbance of
deep sensation (joint position) on the contralateral side.

c.) The joint lesion of the nucleus and tractus spinalis nervi
trigemini, and the spinothalamic tract causes loss of
temperature and pain sensation on the ipsilateral face and the
contralateral body half. This crossed hypesthesia occurs
because trigeminal fibers are damaged before they cross over
in the brainstem.

d.) Lesion of the posterior column causes disturbance of joint
position, astereognosis, two-point discrimination, sense of
vibration, and graphesthesia.

e.) Syringomyelia and intramedullary tumors are the most
common causes of dissociated sensory disturbance (loss of
temperature and pain sensation with preserved deep
sensation).

f.) Compression of the posterior root leads to radicular pain
and paresthesia, which may be associated with hypotonia, loss
of reflexes, and ataxia. In case of complete interruption of the
posterior root, all sensory modalities are lost and the tendon
reflex running through the given segment is absent. Pain is a
characteristic symptom of radicular compression. The spinal
ganglion is most often affected in herpes zoster.

Sensory examination

The aim of the examination of the sensory system is to assess
objective sensory symptoms (determined by physical examination)
and subjective sensory symptoms (reported only by the patient). These
two categories can also be termed as negative and positive sensory
symptoms. Spontaneous pain and paresthesia are two examples of
positive sensory symptoms.

a.) Light touch is examined with a cotton thread, pain by a
disposable needle, temperature by test tubes containing warm
and cold water.

b.) Sense of vibration is examined by a tuning fork placed on
bony points.

c.) Joint position is examined by slightly moving the toes and
fingers of the patient, and the patient is asked to tell with
closed eyes the direction of movement, and to name the toe or
finger that has been moved.



Dissociated sensory
disturbance

d.) Graphesthesia: Arabic numbers are drawn on the skin in
symmetric areas of the trunk and limbs, and the patient is
asked to name the numbers with closed eyes. If patient
compliance is a problem, only the discrimination between a
line and circle may be asked.

e.) Two-point discrimination: the skin is touched with the two
points of a compass where the distance between the two
points is varied by the examiner. The smallest distance is
determined where the patient is still able to recognize the two
points as separate.

f.) Stereognosis: everyday objects (pen, key) are placed in the
hand of the patient, which should be named by the patient wth
closed eyes.

The skin area supplied by one posterior root is called a dermatome.
The segmental nature of innervation is best seen on the trunk.
Neighboring dermatomes show a great degree of overlap, thus it is
difficult to recognize the damage of a single dermatome. In spinal
lesions, the determination of the level of sensory disturbance (i.e. the
lower most dermatome where sensation is still preserved) is the major
clue in localizing the exact level of spinal damage.

Damage to the plexuses and peripheral nerves results in a
non-dermatomal distribution of sensory loss, corresponding to the
innervation area of the given nerve. Furthermore, sensory loss due to a
peripheral nerve lesion has sharp borders because the overlap is of
lesser degree.

Description of normal findings:

Pain, touch and temperature sensation is normal. Numbers drawn on
the skin are recognized. Joint position is normal on all four limbs.


