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Exam HS2020 Neural Systems for Sensory, Motor and Higher Brain Functions 

(max. points = 66; 33 points = grade 4; 49 points = grade 6; full points were given for question 13 and 
34; answers are on the last page; 1 point for single choice questions; 2 points for kprim questions) 

1 Questions 

1. Rubbing your knee after falling on it to relief pain is a classical example for the “gate theory of 
pain”. What is the underlying mechanism? (single choice) 
a) Direct A-beta fiber mediated inhibition of nociceptor associated C-fibers.  
b) Direct A-beta fiber mediated activation of nociceptor associated C-fibers.  
c) Indirect A-beta fiber mediated inhibition of dorsal horn projection neurons via activation of 

local circuit neurons.  
d) Indirect A-beta fiber mediated activation of dorsal horn projection neurons via inhibition of 

local circuit neurons.  
e) Direct A-fiber mediated activation of dorsal horn projection neurons.  

2. A patient with a suspected disc prolapse feels strong projected pain in the hand. Where in the spinal 
cord is the lesion site most likely located? (single choice) 
a) sacral segments 
b) lumbar segments 
c) cervical segments 
d) lower thoracic segments (T7-T12) 
e) upper thoracic segments (T1-T6) 

3. Which of the following statement(s) regarding the autonomous (vegetative) nervous system is true? 
(kprim) 
a) Preganglionic neurons of the sympathetic division are exclusively located in the thoracic and 

lumbar segments of the spinal cord.  
b) Preganglionic neurons of both the sympathetic and parasympathetic division are cholinerg.  
c) Preganglionic neurons of the parasympathetic division are exclusively located in the sacral 

segments of the spinal cord.  
d) Activation of the parasymathetic division directs a “rest and digest” response.  

4. Which of the following statement(s) regarding receptive fields in the skin are true? (kprim) 
a) Two point discrimination is more effective in areas with small receptive fields.  
b) Receptive fields are strictly non-overlapping.  
c) The size of the receptive field is directly proportional to the density of mechanosensory 

receptors within this area.  
d) Lateral inhibition in receptive fields creates a contrast in sensation and increases sensory 

precision.  
5. What is characteristic for the receptor potential of an olfactory receptor neuron? (single choice) 

a) It is mainly generated by the Potassium current.  
b) It is generated in the cilia of the receptor neuron.  
c) It is mainly a Calcium current across the membrane resulting in the hyperpolarization of the 

receptor neuron.  
d) It is generated in the soma of the receptor neuron.  
e) It is driven by the voltage-gated Sodium channel.  

6. What happens when a photoreceptor absorbs a photon? (single choice) 
a) All-trans retinal changes its configuration to 11-cis retinal.  
b) Sodium and potassium flow out of the outer segment of the photoreceptor.  
c) One photon is not sufficient to induce any changes in a photoreceptor and nothing happens.  
d) Sodium and potassium flow into the outer segment of the photoreceptor.  
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e) 11-cis retinal changes its configuration to all-trans retinal.  
7. What is an essential circuit element for giving rise to “On-center” responses in ganglion cells of the 

retina? (single choice) 
a) Off-center bipolar cells expressing mGluR6 receptor.  
b) On-center bipolar cells expressing the AMPA kainate receptor.  
c) On-center bipolar cells expressing the mGluR6 receptor.  
d) Center cone cell releasing GABA.  
e) Off-center ganglion cells releasing GABA.  

8. What cues are used by the human auditory system to compute auditory space in the vertical plane 
(e.g. a sound source that is just above vs. below the head)? (single choice) 
a) Spectral cues from the outer ears that serve as direction-selective filters.  
b) Time difference between the two ears computed with coincidence detectors in the olivary 

complex.  
c) Frequency differences between the two ears computed with delay lines in the lateral superior 

olive.  
d) It is not possible to localize auditory objects in the vertical plane.  
e) Interaural level differences (ILD).  

9. Which elements are typically part of the human eye? (kprim) 
a) Fovea, sclera and retina.  
b) Ciliary muscle, optic nerve and geniculate.  
c) Cornea, pupil and visual cortex.  
d) Choroid, iris and lens.  

10. What are functions of the mammalian middle ear? (kprim) 
a) Spectral filtering of background noise.  
b) Active amplification of certain sound frequencies.  
c) Transmission of sound into the cochlea.  
d) Impedance matching for transmitting the airborne sound into a fluid medium.  

11. Which components are required for the mechanoelectrical transduction in hair cells of the cochlea? 
(kprim) 
a) Tip links.  
b) Stereocilia 
c) An electro-chemical gradient between the different media.  
d) Tonotopic organization of the basilar membrane.  

12. What are essential requirements for restoring hearing with cochlear implants? (kprim) 
a) An intact basilar membrane.  
b) An intact electro-chemical gradient between the endolymphe and perilymphe.  
c) Functional auditory nerve fibers.  
d) Intact, functional hair cells.  

13. The mesencephalic locomotor region (single choice) 
a) controls temporal and spatial movement patterns.  
b) can directly project to lower motor neurons. 
c) is located in the cerebral cortex.  
d) plays an important role in trunk control and gait initiation.  
e) can be non-invasively stimulated.  

14. The F-wave (single choice) 
a) is elicted through antidromic stimulation of a motor nerve.  
b) is used to test upper motor neuron function.  
c) preceeds the M-wave and is a marker for the excitability of lower motor neurons in the ventral 

horn.  
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d) is elicted through orthodromic stimulation of a sensory nerve.  
e) is a reflection of action potentials at the axon hillock of dorsal horn neurons.  

15. Pronounced cardiovascular disturbances after a high thoracic spinal cord injury are due to (kprim) 
a) lost sympathetic control over arterial blood vessels of the lower body.  
b) the fact that spinal sympathetic preganglionic neurons controling the splanchnic bed lie between 

T6 and L2 spinal level. 
c) lost parasymathetic control over arterial blood vessels of the lower body.  
d) degeneration of cervical autonomic neurons.  

16. C-fibers (kprim) 
a) innervate eccrine sweat glands.  
b) are unmyelinated, peripheral afferents with a conduction velocity of < 2m/s. 
c) can be afferent or efferent.  
d) convey temperature and pain information.  

17. Clinical examination with the ISNCSCI assesses the integrity of (single choice) 
a) all answers are wrong 
b) Corticospinal tract, spinothalamic tract and dorsal column 
c) Vestibulospinal tract, spinocerebellar tracts and corticospinal tract 
d) Corticospinal tract, spinocerebellar tracts and extrapyramidal tracts 
e) Dorsal column, reticulospinal tract and vestibulospinal tract 

18. Typical signs of a Brown-Séquard Syndrome are: (single choice) 
a) only flaccid paralysis of affected limbs and intact pain and temperature sensation below level 

of lesion 
b) ipsilateral loss of proprioception and motor control below level of lesion and contralateral loss 

of pain and temperature sensation 
c) incomplete injury with greater weakness in upper limbs than in lower limbs 
d) Bilateral loss of touch, vibration sense, proprioception. Intact motor function, pain and 

temperature sensation below level of lesion.  
e) Loss of motor function, pain sensation and temperature sensation below level of lesion 

19. A lesion of the spinal cord at the neurological level T1 can affect the following function: (kprim) 
a) finger movements 
b) shoulder movement 
c) neck movement 
d) sexual function 

20. Timed outcome measures are often used in a clinical setting because (kprim) 
a) they have a high sensitivity to detect compensatory strategies of the patients.  
b) they allow to identify mechanisms underlying gait dysfunction.  
c) they are easy to use and published norm data are available.  
d) they require limited training of the examiner.  

21. A patient shows signs of an acute stroke. Medical history of the patient reports the diagnosis of 
cardiac arrhythmia. What type of stroke does the patient most likely have? (single choice) 
a) Transitory ischemic attack (TIA) 
b) Subarachnoid hemorrhage 
c) Intracerebral stroke 
d) Thrombotic stroke 
e) Embolic stroke 

22. A patient has a primary diagnosis of Alzheimer’s disease, but shows features/symptoms of 
Parkinsonism. What is the specific definition of his Parkinson-releated condition? 
a) Gene mutation-based form of Parkinson’s Disease 
b) No answer is correct.  
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c) Symptomatic form (i.e. Secondary Parkinsonism) 
d) Atypical form (i.e. Parkinson-plus Syndrome) 
e) Idiopathic Parkinson’s disease 

23. The brain of a particular patient with multiple sclerosis (MS) shows contrast-enhancing lesions 
(gadolinium-positive) in a T1-weighted MRI. What does this indicate? (single choice) 
a) Severe demyelination of nerve fibers in specific brain regions 
b) Massive neural degeneration including axonal loss 
c) The blood brain barrier is intact and sealed 
d) Active inflammatory lesions with infiltration of immune cells into the brain 
e) Ongoing remyelination process in specific brain regions 

24. Which statement about multiple sclerosis (MS) is correct? (single choice) 
a) Autoimmune B-lymphocytes are activated by antigen presenting cells (APC) in the periphery 
b) Demyelination can be measured best with T1-weighted MRI with gadolinium contrast agent 
c) The heat-induced Uhthoff’s phenomenon can mimick a relapse (exacerbation) in MS 
d) An acute inflammatory episode in MS has to last > 30 days in order to be defined as relapse 

(exacerbation) 
e) The majority of patients with MS start with the primary progressive form of the disease 

25. Which facts about acute ischemic stroke are true or false? (kprim) 
a) the ischemic core zone is the primary target of stroke therapies as its restoration bears a high 

potential for functional recovery 
b) around 80% of human strokes are ischemic strokes 
c) reducing the concentration of extracellular Na+ will improve the survival of neurons during a 

stroke 
d) functional compensation by intact, contralateral brain areas is associated with best functional 

recovery in patients with ischemic stroke 
26. What does the Braak’s hypothesis state? (kprim) 

a) spread of amyloidogenic proteins occurs along neuroanatomical pathways in a prion-like 
fashion 

b) spread of amyloidogenic protein (?-Synuclein) from gut / intenstine to brain can lead to sporadic 
PD 

c) spread of amyloidogenic protein (?-Synuclein) from gut / intenstine to brain can lead to genetic 
PD 

d) degeneration of dopaminergic neurons in the nigrostriatal system is greater than degeneration 
of dopaminergic neurons in the mesolimbocortical pathway 

27. What is the key message that the Japanese Macaque Encephalomyelitis tells us about the 
pathomechanisms of multiple sclerosis (MS)? (kprim) 
a) MS is elicted by an autoimmune response 
b) MS-like symptoms can be spontaneously triggered by viruses 
c) MS is an inflammatory disease of the central nervous system 
d) demyelination is more pronounced than neurodegeneration in MS 

28. What is true or false about current treatments for multiple sclerosis (MS) (kprim) 
a) cortisol (glucocorticosteroids) is typically applied to treat acute relapses 
b) current treatments promote neural regrowth and plasticity of damaged nerve fibers 
c) current treatments primarily target viruses that are able to induce MS 
d) there is currently no clinical treatment that enhances remyelination in patients with MS 

29. The character “Hodor” from Game of Thrones lost his ability to speak due to a lesion in (single 
choice) 
a) Hippocampus 
b) Wernicke’s area 
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c) Auditory cortex 
d) Broca’s area 
e) Frontopolar cortex 

30. Motor cortex excitability measured through TMS-induced motor evoked potentials (MEPs) are 
measured via: (single choice) 
a) Electroencephalography 
b) Two-photon calcium imaging 
c) MRI 
d) fMRI 
e) Electromiography electrodes in the hand 

31. These are key components of a human MRI scanner (kprim) 
a) Radiofrequency (RF) coil 
b) Gradient coil 
c) Main magnet 
d) Magnifying lens 

32. fMRI takes advantages of the following properties to measure brain function (kprim) 
a) changes in oxygenated hemoglobin 
b) changes in blood flow 
c) changes in neural tissue temperature 
d) changes in neural activity 

33. Interneurons are classified (single choice) 
a) based on their location in cortical layers.  
b) based on their differences in morphology, neurochemical marker expression and intrinsic 

electrophysiological properties 
c) based on different neurotransmitters they use to provide inhibition 
d) based on their projection pattern, i.e. local vs. long projecting subtypes 
e) based on their contribution to cortical rhythmic activity 

34. In interneuron development, intrinsic transcription factors (single choice) 
a) are determining the cell fate of an interneuron 
b) appear after interneurons have settled down in the cortex 
c) are differentially expressed during distinct interneuronal maturation states 
d) disappear after embryonic stages 
e) are determining context-dependent genetic programms for cell fate determination 

35. Parvalbumin positive interneurons (kprim) 
a) comprise a group of interneurons that are projecing axo-somatically. 
b) do have fast spiking electrophysiological properties. 
c) are the least abundant cardinal interneuron subgroup. 
d) comprise a group of interneurons that are projecting axo-axonically. 

36. Feedforward inhibition (kprim) 
a) determines the integration time window for spike timing in pyramidal cells. 
b) determines the time window for coincidence detection in pyramidal cells. 
c) is typically provided by Somatostatin positive interneurons. 
d) is typically provided by interneurons that project axo-dendritically. 

37. VIP interneurons in the amygdala: (single choice) 
a) receive input by Pyramidal neurons located in the amygdala. 
b) are activated by the unconditioned stimulus (US) during fear conditioning.  
c) induce associative learning when inhibited with an optogenic approach during fear conditioning 

training.  
d) inhibit pyramidal neurons during unconditioned stimulus (US). 
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e) activate Somatostatin and Parvalbumin interneurons during the Conditioned stimulus (CS). 
38. Ion permeability of the NMDA receptors: (single choice) 

a) Is never affected by Sodium influx via the AMPA receptors.  
b) Is irreversibly regulated by Mg binding to the receptor.  
c) Is independent of the membrane potential of the post-synaptic cell.  
d) Does not play a role in the induction of LTP in the amygdala.  
e) Is controlled by both voltage and glutamate.  

39. Associative long term potentiation of two glutamatergic synapses (kprim) 
a) is induced by Calcium influx via the AMPA receptors. 
b) cannot take place if the NMDA receptors of any of the two synapses are still blocked by Mg 

ions.  
c) requires calcium as second messenger in both synapses. 
d) to be expressed requires accumulation of AMPA receptors at both synapses.  

40. Inducing LTP in pyramidal neurons by Optogenetic stimulation of auditory nerve terminals within 
the amygdala (kprim) 
a) can reactivate a previously acquired memory. 
b) is always sufficient to induce the formation of a non declarative associative memory. 
c) it is sufficient for the formation of non declarative associative memories when coupled to an 

Unconditioned stimulus.  
d) leads to inhibition of VIP interneurons within the amygdala. 

41. Which statement about the amygdala is correct? (single choice) 
a) The amygdala is a brain region that exclusively processes fear and anxiety.  
b) Lesions to the amygdala result in the inability to experience rewarding stimuli as positive and 

desireable 
c) Amygdala inputs (afferents) and outputs (efferents) both converge on the basolateral nucleus of 

the amygdala 
d) The amygdala assigns valence to certain cues (for both punishment or reward) 
e) Patients with amygdala lesion cannot feel fear or panic 

42. Which statement about anxiety disorders is correct? (single choice) 
a) Effective treatments against anxiety disorders include cognitive behavioral therapy and 

antidepressant drugs (SSRIs).  
b) Anxiety disorders are rare and affect less than 5% of the population.  
c) Anxiolytic (anxiety reducing) medications act specifically on the amygdala.  
d) most anxiolytic drugs increase the hippocampal theta rhythm 
e) Benzodiazepines (e.g. Diazepam) are the first line of treatment for anxiety disorders.  

43. The fear response involves (kprim) 
a) high arousal and positive valence 
b) enhanced vigilence in the presence of an immediate threat 
c) high arousal and negative valence 
d) activation of the amygdala (amongst other brain regions) 

44. The amygdala (kprim) 
a) is exclusively involved in processing aversive stimuli. 
b) is part of a larger macrocircuitry of emotion. 
c) is required for the experience of fear, without an amygdala panic/fear cannot be induced in 

patients or animals.  
d) has its own microcircuitry required for the interpretation of sensory/contextual stimuli. 
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2 Answers 

1. c 
2. c 
3. a) true   b) true   c) false   d) true 
4. a) true   b) false   c) false   d) true 
5. b 
6. e 
7. c 
8. a 
9. a) true   b) false   c) false   d) true 
10. a) false   b) false   c) true   d) true 
11. a) true   b) true   c) true   d) false 
12. a) false   b) false   c) true   d) false 
13. a 
14. a 
15. a) true   b) true   c) false   d) false 
16. a) true   b) true   c) true   d) true 
17. b 
18. b 
19. a) true   b) false   c) false   d) true 
20. a) false   b) false   c) true   d) true 
21. e 
22. d 
23. d 
24. c 
25. a) false   b) true   c) false   d) false 
26. a) true   b) true   c) false   d) false 
27. a) false   b) true   c) false   d) false 
28. a) true   b) false   c) false   d) true 
29. d 
30. e 
31. a) true   b) true   c) true   d) false 
32. a) true   b) true   c) false   d) true 
33. b 
34. c 
35. a) true   b) true   c) false   d) true 
36. a) true   b) true   c) false   d) false 
37. b 
38. e 
39. a) false   b) true   c) true   d) true 
40. a) true   b) false   c) true   d) false 
41. d 
42. a 
43. a) false   b) true   c) true   d) true 
44. a) false   b) true   c) false   d) true  


