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Systematic indications for seminar classes on the topic № 78: Ascending tracts
Motivational characteristic of the topic:

Knowledge the organisation of the pathways of the brain and spinal cord is necessary for understanding of neurophysiology and neuropathology. Anatomical peculiarities of the ways of neural impulses are base of neurological therapy and surgery, also important in traumatology and oncology. Base level of knowledge and skills.
Aims of the classes:

 To learn the structure of projective ascending pathways of the brain and spinal cord, their location and main functions.
The student must be able to demonstrate:

1.
 location of neurons of ascending tracts
The student must know:

Conductive pathways

Conductive pathway is a range of anatomically and functionally interconnected neurons conducting functionally identical nerve impulses in algoristic direction.

Three groups of conductive pathways are distinguished:

1) afferent – conduct the nerve impulse from receptor to the integrative center

2) associative – conduct the nerve impulse from the one integrative center to another

3) efferent – conduct the nerve impulse from the integrative center to effector

* Conductive pathways are also called the tracts. However, pathway is a broader conception then tract (pathway usually consists of two or more tracts). For convenience we will call either as a tract.  

Afferent tracts (centripetal, ascending, sensitive)

All afferent tracts consist of not less than three neurons: 1st – receptor neuron is situated in periphery (in sensitive spinal or cranial ganglion), 2nd – intercalary neuron is situated in communication center. There can be more then one communication centers. 3rd – neuron of integrative center (generally it is located in thalamus).

Afferent tracts are classified into: 

1) Voluntary – terminate in the cortical integrative centers.

2) Involuntary – terminate in the subcortical integrative centers (cerebellum, tegmen mesencephali, thalamus).

According to kinds of sensitiveness afferent tracts are classified into:

1) Tracts of general sensitiveness:

a) superficial (exteroceptive) – pain, temperature and tactile sensitiveness

b) deep (proprioceptive) – kinesthesia

c) interoceptive/visceroceptive – mechanical irritations, pressure and chemistry of the internal medium.

2) Tracts of specialized sensitiveness:

a) visual tract

b) auditory tract

c) vestibular tract

d) olfactory tract

e) gustatory tract

Voluntary tract of general exteroceptive sensitiveness from the skin of the occiput, neck, trunk and limbs

Tractus spinothalamicus anterior and lateralis

Receptors are located in the papillary layer of the skin of the occiput, neck, trunk and limbs. Impulse is conducted consisting of the spinal nerve which innervates the given region of the skin. Nerves conducting impulses from the tactile receptors (touch – Mercel’s disk, pressure – Vater-Pacini corpuscle) give origin for tractus spinothalamicus anterior (Edinger’s). Nerves conducting impulses from the pain and temperature receptors (Crouse’s corpuscle – cold, Rufini’s corpuscle - warm) give origin for tractus spinothalamicus lateralis. Bodies of the 1st neurons are located in ganglion spinale. Their axons form radix posterior of spinal cord and enter it through the sulcus dorsolateralis where they come to the bodies of the 2nd neurons. 2nd neurons of tr. spinothalamicus anterior are located in substantia gelatinosa, zona spongiosa. 2nd neurons of tr. spinothalamicus lateralis are located in nuclei proprii of spinal cord. Axons of the 2nd neurons ascend and decussate in comissura alba on the level of 2 – 3 segments above the initial. (Some axons of the 2nd neurons connect to the motor neurons (cornu anterior) of their segment or 1-2 above or below, i.e. take part in segmental unconditioned reflex). Tr. spinothalamicus anterior passes close to funiculus anterior while tractus spinothalamicus lateralis passes in funiculus lateralis of spinal cord. There is a tr. spinothalamicus centralis passing along the central canal; it conducts impulses from the perineum. Axons of the 2nd neurons of all segments of both tr. spinothalamicus lateralis and tr. spinothalamicus anterius form the spinal loop (lemniscus spinalis). 3rd neurons – ventrolateral nuclei of thalamus. Axons of the 3rd neurons pass through the crus posterior of capsula interna to g. postcentralis and lobulus parietalis superior. They terminate in the 4th layer of cortex spreading according to the somatotopical projection (sensory Penfield’s homunculus). Lesser portion (20 %) of axons direct from the ventrolateral to the medial nuclei of thalamus. It provides unconditionad reflex regulation of the muscle tone as a response to the irritation of the exteroreceptors.

Sensory Penfield’s homunculus
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1 – genetal organs, 2 – foot, 3 – thigh, 4 – trunk, 5 – hand, 6 – index and polex, 7 – face, 8 – teeth, 9 – tongue, 10 – pharynx and internal organs.

Voluntary tract of general proprioceptive sensitiveness (kinesthesia) from the occiput, neck, trunk and limbs

Goll’s and Burdach’s tracts or fasciculus gracilis and cuneatus

Receptors are located in fasciaes, tendons, ligaments, capsules of joints, periosteum of the lower part of body (lower 19 spinal segments) for Goll’s tract and upper part of body (upper 12 spinal segments) for Burdach’s tract. These tracts bring the information about the functional state of the stature and locomotor apparatus (muscle tone, position of the body parts in space, sense of pressure, weight, vibration; it partly conducts tactile impulses). Bodies of the 1st neurons are located in ganglion spinale. Their axons enter the spinal cord consisting of the radix posterior and ascend in funiculus posterior (fasciculus gracilis – medially, fasciculus cuneatus - laterally) up to the bodies of the 2nd neurons. In spinal cord they give some collaterals to the grey matter to form reflex arch. The 2nd neurons are the gracile and cuneate nuclei located in medulla oblongata. Their axons are divided into two portions: fibrae arcuatae internae and externae. External arcuate fibers go up through the inferior cerebellar paduncles to the cortex of cerebellar vermis, posterior fibers at that follow their side whereas anterior ones – opposite site (tr. bulbocerebellaris). Interlal arcuate fibers pass consisting of lemniscus medialis (tr. bulbothalamicus) which make decussation (decussatio lemniscorum medianum), then pass through the tegmentum pontis and mesencephali to the bodies of the 3rd neurons – ventrolateral nuclei of thalamus. Lemniscus medialis together with lemniscus spinalis and lemniscus trigeminalis compose tr. lemniscorum. Axons of the 3rd neurons pass through the crus posterior of capsula interna to g. postcentralis (kinesthetic area) according to the somatotopical projection (sensory Penfield’s homunculus) (see fig. 4). A part of axons direct from the ventrolateral to the medial nuclei of thalamus.
Voluntary tract of general extero - and proprioceptive sensitiveness from the skin of face

Tractus nucleothalamicus (trigeminalis)

General extero - and proprioceptive sensitiveness from the skin of face is conducted by trigeminal nerve. Extero - and proprioreceptors located in the upper 1/3 part of face send impulses consisting the first branch of n. trigeminus – n. ophtalmicus which enter the cranial cavity through fissure orbitalis superior; extero - and proprioreceptors located in the middle 1/3 part of face send impulses consisting the second branch of n. trigeminus – n. maxillaris which enter the cranial cavity through foramen rotundum; extero - and proprioreceptors located in the lower 1/3 part of face send impulses consisting the third branch of n. trigeminus – n. mandibularis which enter the cranial cavity through foramen ovale. After that, nerves mentioned above connect to the bodies of the 1st neurons – ganglion trigeminale (Gasser’s). Their axons form radix sensoria of trigeminal nerve and enter the brain in place of linea trigeminofacialis. The axons reach the bodies of the 2nd neurons – nucl. pontinus n. trigemini (tactile sense from the skin of face, pain, temperature and tactice sence from the deep tissues and organs of the head), nucl. tr. spinalis n. trigemini (pain and temperature sense from the skin of face), nucl. tr. mesencephalicus n. trigemini (proprioceptive sense). Majority of axons of the 2nd neurons decussate and form trigeminal loop (lemniscus trigeminalis). This portion follows to the bodies of the 3rd neurons – ventrolateral nuclei of thalamus. Minority of axons of the 2nd neurons go their side consisting of the inferior cerebellar peduncles to the cortex vermis cerebelli (tr. nucleocerebellaris). Axons of the 3rd neurons pass through the crus posterior of capsula interna to g. postcentralis in the area where the head is projected (see fig. 4). Part of axons direct from the ventrolateral to the medial nuclei of thalamus.

Involuntary tract of general proprioceptive sensitiveness (kinesthesia) from the occiput, neck, trunk and limbs

Gowers and Flechsig’s tracts or tractus spinocerebellaris anterior and posterior

Receptors are located in fasciaes, tendons, ligaments, capsules of joints, periosteum of the occiput, neck, trunk and limbs. This tract brings the information about the functional state of the stature and locomotor apparatus. Received information is analyzed in cerebellum, as a result regulation of the muscle tone, coordination and synergism of movements, maintenance of balance of the body in space are accomplished. Tr. spinocerebellaris anterior delivers the information from the proprioreceptors of the groups of muscles whereas tr. spinocerebellaris posterior – differentially from each separated muscle. Hence, tr. spinocerebellaris posterior delivers more detail and accurate information. Bodies of the 1st neurons are located in ganglion spinale. Their axons enter the spinal cord consisting of radix posterior and come in contact to the posterior horn, namely nucl. thoracicus (CVII - LII) for tr. spinocerebellaris posterior and nucl. intermediomedialis for tr. spinocerebellaris anterior – bodies of the 2nd neurons. Tr. spinocerebellaris posterior ascend consisting of funiculus lateralis and get to the cortex vermis cerebelli (3rd neurons) through its inferior peduncles. 90 % of axons of nucl. intermediomedialis (tr. spinocerebellaris anterior) go to the opposite side in comissura alba anterior, the rest part goes its side consisting of funiculus lateralis. This tract passes medulla oblongata, tegmentum pontis and at the region between the pons and midbrain it sharply bends back in the direction of cerebellum. Crossed fibers go to the opposite side again in vellum cerebelli superior (so it is double crossed) and then reach the cortex vermis cerebelli (3rd neurons) through its superior peduncles.

Besides there are additional tracts of the kinesthesia: tr. spinoreticularis, tr. spinoolivaris where the 2nd neurons are the nuclei of reticular formation and nucl. olivarii of medulla oblongata. 

Task for self-control of the initial level of knowledge:

1. Classification of conducting tracts.

2. Ascending tracts.

Control questions:

1. Voluntary ascending tracts.

2. Involuntary ascending tracts.

3. Location of receptors and neurons of ascending tracts.

Methodic of class work:
    a) interrogation of the students on the home task;

    b) study of samples (topic according to the plan);

    c) fill in the protocol of current lesson;

    d) checking and signing the protocols by teacher. 

The illustrative material: tables, samples.
Control of knowledge with the help of situational tasks.

The patient funiculuses of the spinal cord were injured after inflammation. What conducting tracts pass through posterior funiculuses?

A-Grovers’

B-Flexig’s

C-spinothalamic

* D-Goll’s and Burdach’s

E-rubro-spinalis

The 33 years old patient has disturbances of pain and temperature sensitivity after a spinal trauma. What conducting tract fibers were destroyed?

* A. Spinothalamic.

B. Anterior spinocerebellar tract.

C. Lateral spinocortical.

D. Medial spinocortical.

E. Posterior spinocerebellar 

The pain and temperature sensitivity in the left half of trunk is absent at the after a trauma. What conducting tract damage can cause this phenomenon? 

A. Tr. spino-thalamicus anterior on the right.

B. Tr. spino-thalamicus lateralis at the left.

* C. Tr. spino-thalamicua lateralis on the right.

D. Tr. spino-thalamicus anterior at the left.

F. Fascicles Gaulle and Burdach's at the left
The victim with damage of a spine is delivered to hospital after an industrial trauma. The damage of posterior funiculus of spinal cord at a level of 1-st thoracic vertebra is revealed. What conducting tracts have suffered thus? 

A. Pain and temperature sensitivity.

B. Corticospinal. 

C. Spinocerebellar

* D. Tactile and proprioceptive sensitivity.

E. Extrapyramidal

The pathological process is located at a level of white matter of a spinal cord was found during clinical examination of the patient with infringement of muscular - articulate sensitivity. Where does the conducting tract of proprioceptive sensitivity in cortical directions pass? 

* A. Posterior funiculus of spinal cord. 

B. Anterior funiculus of spinal cord. 

C. Lateral funiculus of spinal cord. 

D. Clarke's column of  spinal cord. 

E. The region around of the central canal. 

Literature for final level of the knowledge:

а) basic

1. Gray's Anatomy for Students / Richard L. Drake Ph.D, A. Wayne Vogl, Adam W.M. Mitchell, - 2010, 2092 p.

2. Clinically Oriented Anatomy / by Keith L. Moore, Anne M. R. Agur, 2013.

3. Atlas of Human Anatomy / Frank H. Netter,- 5 edition, - 2011 by Saunders, an Imprint of Elsevior Inc.

4. Guidance for practical classes on Human Anatomy / Borys Y. Reminetskyy, Yaroslav I. Fedonyuk, Volodymyr D. Voloshyn. - Ternopil, Ukrmedknyha. - 2003, 203 p.

5. Materials preparation for lectures

6. Materials preparation for practical classes

b) additional

1. Lecture.

2. Human anatomy & physiology / Elaine N. Marieb, Katja Hoehn., San Francisco : Benjamin Cummings, 2010., 8th edition.

3. Atlas of Human Anatomy/ Sobotta, 2010

4. Atlas of Human Anatomy / Frank H. Netter, 2009

Methodical instructions have been prepared by: I.V. Prus, Assistant.
