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Examination of the nervous system
Learning objectives

At the end of the lecture, participants should be

able to:

1. Understand the principles of neurologic history and

neurologic examination
2 . Know the components of the neurologic examination

3. Be able to perform a full neurologic examination



Neurologic examination
Purpose

= The purpose of the neurologic examination is to establish whether the patient’s brain, special
senses, spinal cord, peripheral nerves, and muscle and skin receptors are functioning

normally.

= While doing the examination, clinicians should relate findings to anatomic structures in the

nervous system.
" The neurologic examination begins as soon as the clinician sees the patient and continues
during history taking.

= Abnormal or unusual speech, difficulty understanding, incoordination when performing
complex actions, abnormal postures or spontaneous movements, and neglect of space may

be apparent before formal testing.



The neurologic method

" The purpose of the neuro exam 1s:

= first, localize the
lesion(s)!

" A basic knowledge of neuroanatomy 1S necessary
to interpret the examination...

" then, define the
pathophysiology



Neuro exam
The tools
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Basic concepts
Central vs. peripheral nervous system

Peripheral nervous system

Spinal cord

Central
nervous system

D Peripheral
nervous system
o )
Ld
Cleveland
Ciinic



Rasic concepts
Blood supply of the brain

| Anterior cerenral artery {suppiles anteromedial surtace)
[:] Micdle carebral artery (supplies lateral surfacs)
. Posterior cerebral artery (supplies posterior and inferior surfaces)




Rasic concepts
Blood supply of the brain

* Circle of Willis — system of anastomoses between anterior and posterior blood supplies to the brain
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Neurologic examination
Components

* Mental status

* Cranial nerves

* Motor system

* Muscle strength

* Gait, stance and coordination
* Sensation

° Reflexes

* Autonomic nervous system



Mental status



Mental status
The bare minimum

During the interview, look for
difficulties with communication and
determine whether the patient has
recall and insight into recent and

past events



Mental status examination
Individual elements

Level of consciousness

®* Fully awake to comatose (when not fully awake, examiner
should describe the responses to the minimum stimulus
necessary to elicit a response)

Orientation

®* Who, where, when (time usually the first o be affected)
Speech and language

® Ariculation, rate and rhythm, verbal and written output

Memory
®1) Immediate; 2) Short-term, 3) Long-term

Fund of information

® Questions about major historic or current events
Insight and judgment

Abstract thought

®* Similarities between objects or concepts (apple/orange,
sculpture/poetry, etc)

Calculation ability

®* Appropriate to patient age and education



Screening for cognitive impairment
Two commonly used tests

Montreal Cognitive ASSESSNE"t (MaCA) Mini Mental State Fxamination (MMSE)
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Types of aphasia

Aphasia: higher-order language deficit (inability to
understand/speak/read/write)
* Compare with dysarthria, a motor inability to speak (movement deficit)

“Broca has a broken boca, Wernicke is wordy”

Commeon types of aphasia

Aphasi

Arcuate fascicuilis Sygd;.osr':e Spos;t:e"::us Comprehension | Repetition | Associated teatures

Sparse & Relatively : Right hemiparesis

Brocs nonfluent preserved Impaired | 1ace & upger limb)

Fluent &
3 Greally ) Right superior visual
Wemicke "g:'g‘m"‘:‘;n:’n‘g diminished impaired field defect
. Fluent with Relatively N
Conduction | wnonamic errors presarved Very poor one
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Types of Aphasia

Nonfluent

Poof comP'Ehens,-%

Good repetition

Poor repetition




Cranial nerves



Cranial nerves
The bare minimum

Check the fundi, wvisual fields,
pupll size and reactivity,
extraocular movements and facial

movements



Cranial nerves

Olfactory bulb (CN 1)
Olfactory tract
CNIl
Optic tract
Oplic tract
(pituitary statk) CNIN
Coulomotor CN IV (anses dorsally
negve (Il Mammiliary and immedlately
hasie decussates)
Trochéear nerve (IV) Caisbral pedunde CNV
. CNVI
Trigeminal
A CNVI
Abducens nerve (V) CNVIH
Facial nerve (Vil)
— ; CNIX
Vestibulocochtear NMiddie cerebellar ONX
nerve (V1) p Nl
Giossopharyngeal CNXI
neove {IX}

Hypogiossal nerve (XII)

Spinal accessary nerve (X1} Fyramidst decusestion



The cranial nerves

Cranial Nerve CN | Function Type

Olfactory 1 Smell {only CN without thalamic relay to cortex) Sensory

Optic 2 Sight Sensory

Oculomotor Eye movement (SR, IR, MR, 10), pupillary constriction (sphincter pupillae via Edinger-Westphal nucdeus, muscarinic Motor
receptors), accommodation, eyvelid opening (levator palpebrae)

Trochlear 4 Eye movement (50 Maotor

Trigeminal Mastication, facial sensation (ophthalmic, maxillary, mandibular divisions), general sensation from anterior 23 of Both
tongue

Abducens ] Eye movement (LR) Motor

Facial 7 Facial movement, taste from anterior 2/3 of tongue, lacrimation, salivation (submandibular and sublingual glands), Both
tight eyelid closing (orbicularis oculi), auditory volume modulation (stapedius)

Vestibulocochlear | 8 Hearing, balance Sensory

Glossopharyngeal | 9 Taste and general sensation from posterior 1/3 of tongue, swallowing, salivation (parotid gland), monitoring carotid Both
body and sinus chemo- and baroreceptors, elevation of pharyny/lanynx (stylopharyngeus)

Vagus 10 | Taste from supraglottic region, swallowing, soft palate elevation, midline uvula, talking, cough reflex, Both
parasympathetics to thoracoabdominal viscera, monitoring aortic arch chemeo- and baroreceptors

Accessory 11 | Head turning, shoulder shrugging {SCM, trapezius) Motor

Hypoglossal 12 | Tongue movement Motor




Visual acuity - Visual fields

Test for visual acuity!

As a screening test, it is usually sufficient to examine the visual fields of both eyes
simultaneously

Monocular visual loss
Ipsilateral retinal or optic nerve lesion
Retinal, e.g. central retinal artery/vein occlusion®, retinal detachment*
Optic nerve, e.g. optic neuritis*, optic atrophy, glaucoma*
Bitemporal hemianopia
Optic chiasm lesion
e.qg. pituitary tumour, craniopharyngioma
Homonymous hemianopia \/
Contralateral optic tract (or whole optic radiation) lesion
e.g. middle cerebral artery occlusion (stem)*
Homonymous inferior quadrantanopia
m Contralateral parietal (upper) optic radiation lesion
rine e.g. parietal tumour or middle cerebral \
Temporal artery occlusion (superior branch)*
Homonymous superior quadrantanopia
Contralateral temporal (lower) optic radiation lesion
e.g. temporal tumour or middle cerebral \b
artery occlusion (inferior branch)*

Superior
Homonymous hemianopia with macular sparring
Contralateral occipital visual cortex lesion

e.g. posterior cerebral artery occlusion* % w U
* = gcute causes



The optic fundus

Optic disc (color, size, degree of swelli
Retina (color, texture)

Retinal vessels (size, regularity, AV
nicking, exudates etc)
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Pupillary light reflex

Pupillary sphincter
Ciliary muscle

Ciliary ganglion

Optic nerve

Oculomotor nerve

Optic tract

Nucleus of
Edinger-Westphal

{ ) ) e | ateral geniculate
Pretectal area nucleu:
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Extra-ocular muscles
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In clinical practice, typically more useful to determine whether the patient describes diplopia in any
direction of gaze; true diplopia should almost always resolve with one eye closed



Cranial nerve Il palsy
"Blown pupil” - Down and out gaze

. ’f’:1 ’ ¥
Patient trying to look straight aheod, affected (right) eye “down and out” with mydricsis
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Best assessed at 45°, not at extreme lateral gaze (uncomfortable for the patient)

Harizantal nystagmus

Vertical nystagmus

@

Torsional (rotary) nystagmus

O O
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Trigeminal Nerve

Ophthalmic foramen

— Ophthalmic nerve (VI)  Two sensory modalities
(light touch and
temperature) usually

Maxillary foramen sufficient for screening

— Maxillary nerve (V2)

They derive from different

anatomic pathways

Mandibular foramen
— Mandibular nerve (V3)
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CN VII: Check for face asymmetry at rest and with spontaneous movements

Facial Nerve Palsy

Central facial palsy Peripheral faclal palsy
UMN lesion
Motor cortex X J 3 & )X )
) ) s 5= '.
Corticabulbar ;
tract | N

Facial nucleus
CN VI

 Inability to wrinkle
forehead

» Inability to lift brows
* Drooping eyelids

« Inability to close eye

* Loss of nasolabial
fold

Decreased lacrimation,
* Drooping mouth impaired sense of taste in
© AMBOSS

the anterior two thirds of
the tongue




Facial nerve palsy

At left, & patient tries 1o smite as Bell's palsy affects the right side of his face (Source: James
Heilman, MD). At right. the path of tha facial nerve s shown on the right side of the faca,



Hearing loss
Rinne and Weber tests

4 < Air // \
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Rinne test Weber test
Hearing loss Rinne test Weber test
(Conduction) (Localization)
None Air > bone Midline
Sensorineural Air > bone Normal ear

Conductive

Bone > air

Affected ear




Motar system/Muscle strength



Motor examination
The bare minimum

Look for muscle atrophy and check
extremity tone. Assess upper
extremity strength by checking for
pronator drift and strength of wrist
or finger extensors. Tap the biceps,
patellar, and Achilles reflexes.
Test for lower extremity strength by

having the patient walk normally and



Motor examination

" Muscle appearance

® Fasciculations, Tenderness, atrophy/hypertrophy,
involuntary movements (eg Parkinson’s)

® Muscle tone

® Decreased tone most commonly due to lower motor neuron oOr
peripheral nerve disorders

® Increased tone: spasticity (corticospinal tract disease),
rigidity (parkinsonism)

" Muscle strength

® Reflexes



Upper and lower motor neurons

* Lower motor neuron (LMN) lesions result in everything lowered (less muscle
mass, decreased muscle tone, diminished reflexes, downgoing toes)

* Upper motor neuron (UMN) lesions result in everything up (increased muscle
tone, increased reflexes, upgoing toes)

« Positive Babinski sign is normal in infants (i.e. not indicative of a UMN lesion
as it is in adults)

Sign UMM Lesion LMMN Lesion
Weakness + +
Atrophy - +
Fasciculations - +
Reflexes t il
Tone t i
Babinski Reflex + -
Spastic Paresis + -
Flaccid Paralysis - +
Clasp Knife Spasticity + -
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Upper & Lower Motor Neuron

s
o
L o
\ T Tone, spasticity and clonus
Hyperreflexia
Pyramidal tract signs

\ | Tone:
Hyporeflexia/areflexia
Fasciculations

7\




Medical Research Council of the United Kingdom scale for muscle
strength

O: No wvisible muscle contraction

1l: Visible muscle contraction with no or trace

movement
2: Limb movement, but not against gravity
3: Movement against gravity but not resistance

4: Movement agalnst at least some resistance

supplied by the examiner

5: Full strength



Pronator drift

Very useful for upper limb weakness!

Pronator drift

1st downward arm drift
2nd forearm pronation
3rd flexion of the wrist and elbow

Jamir P. Rissardo (2022)



Reflexes
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Stretch Reflex
Afferent fibers (12 fibers) e .root ganglon
Pzeudounipolar neuron
Efferent fiberc {alpha motor neuronc) _//
Anterior root

Muscle spindle Pocterior root

Agonist

Antagonist

Inhibitory interneuron
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Deep Tendon Reflexes

Reflex

Biceps
Reflexes tested include the following: (‘ | =

* Biceps (innervated by C5 and C6)

.
—

* Radial brachialis (by C6) [
* Triceps (by C7) l Finger flexol

Triceps

* Distal finger flexors (by C8) f=
* Quadriceps knee jerk (by L4) \. \

* Ankle jerk (by S1) h

* Jaw jerk (by the 5th cranial nerve) _ /

- Knee

rosterior tibial

N = Ankle

Spinal level

C5-6

C7-8



"4

Reflexes
Lrading

Absent

Present but diminished
Normoactive
Exaggerated

Clonus



NATIONAL AND KAPODISTRIAN UNIVERSITY OF

ATHENS
MEDICAL SCHOOL

Kernig Sign

A
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Brudzinski Sign




Sensation



Sensory examination
The bare minimum

Ask whether the patient can feel
light touch and the temperature of a
cool object 1in each distal
extremity. Check double simultaneous
stimulation using light touch on the

hands.

Usually the most unreliable part of the neuro exam: subjective and difficult to quantify



Primary sensory modalities

"Light touch
"Pain
"Temperature
"Vibration

"Joint position
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Sensory Tracts
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thalamic tract
Antesior soing-
Ihadamic tract

Gragile fasciouus
Cureate fascionhn

Dorsal column Anterolateral column



MEDICAL SCHOOL
Dermotomes
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Monofilament test
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Laségue

© AMBOSS




Coordination examination
The bare minimum

Test rapid alternating movements of
the hands and feet, and the finger-

LO—nose maneuver.



Signs of cerebellar disorders

Deficit Manifestation

Ataxia Reeling, wide-based gait

Decomposition of

Inability to correctly sequence fine, coordinated motor acts
movement

Dysarthria Inability to articulate words correctly, with slurring

Dysdiadochokinesia Uncoordinated rapid alternating movements

Dysmetria Impaired ability reach a target with goal-directed movement

Hypotonia Decreased muscle tone

Involuntary, rapid oscillation of the eyeballs in a horizontal, vertical,
Nystagmus or rotary direction, with the fast component maximal toward the side
of the cerebellar lesion

Slow enunciation with a tendency to hesitate at the beginning of a

Scanning speech
8P word or syllable

Rhythmic, alternating, oscillatory movement of a limb as it
approaches a target (intention tremor) or of proximal musculature
when fixed posture or weight bearing is attempted (postural tremor);
characterized by high amplitude and low frequency

Tremor




Romberg sign

* Eyes open: Cerebellar ataxia
* Eyes closed: lesion in posterior columns (e.g. Tabes Dorsalis, Vitamin B12 Deficiency)
or peripheral nerves (e.g. Type 2 DM)

"Romberg sign

Dorsal  Dorsal root
columns ganglion

Impaired proprioception
(Sensory ataxia)

Eyes open Eyes closed DM



[ait examination
The bare minimum

Observe the patients while walking
normally, on the heels and toes, and

along a straight line.



Types of gait abnormalities

Parkinsonian Neuropathic

N




Parkinsonian gait

Typical appearance of Parkinson disease

Trembli ot—,’
extremilies ¢,
Shuffting, short-



Take-home messages

" Neurologic examination: LOCATE THE LESION(S)
® Anatomy first, pathophysiology second

" Mental status
® Screening test: MoCa, MMSE

Cranial nerves
®*CN II, CN IV, VII, III-IV/VI

Motor strength

®* Pronator drift, reflexes

Sensory

®* Reliable mainly in well communicating and compliant
patient

Coordination
® Rapid alternating movements
" Gait

® Various gait abnormalities



