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What is a Lesion?

Lesion = dysfunction = function decreased

Where is the lesion?

Looking for evidence of neurological dysfunction

90% of patients come into the office with pain

Loss of pain is better evidence of neurological dysfunction

Alpha motor neuron tells muscle to contract

Only healthy tissues can hyperfunction

Dysfunction could be decreased motion

Decreased motion = decreased proprioception = decreased GABA

Potential causes are DJD, meniscoid, psychosocial problems, stress, etc.

**INCREASED FUNCTION IS NOT THE LESION (arrow up)

Steroids create a lesion because they decrease function

Beta-blockers, calcium-blockers, etc. are used for hypertension but they create dysfunction
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Sympatheticotonia
Increased sympathetic

Lesion = decreased function

Arrow up is not a lesion, but arrow down is the lesion

Subluxation

It is a lesion

Possibilities of decreased function are decreased nerve conduction, decreased mechanoreceptor firing, decreased motion, loss of positioning, etc.

Evidence of Neurological Dysfunction

The only thing that nerves do is conduction, both sensory and motor

Some nerves have special senses (sensory)

Some nerves are autonomic (sensory and motor)

Evidence of Neurological Dysfunction in the Sensory System

Neuropathy is a disease of the nervous system

Neuropathy = deficit

Neuropathic Pain

Sharp

Burning

Superficial (perceived along the surface of the skin)

Reproducible

Somatotopically discriminated (patient can pinpoint or follow the pain with one finger)

Peripheralization

Somatic Pain

Deep

Dull

Achy

Poorly discriminated (patient's use entire hand to describe pain)

Paresthesia

Tingling

Only cause is sensory nerve lesion

Hypoesthesia

Decreased feeling

Fundamental Differences between Neuropathy and Somatic Pain

Sensory Nervous System

1. Central

2. Peripheral

Sensory meaning the signals are afferent (signals coming from outside and moving in)

Both systems can experience pain and proprioception

Peripheral nervous system consists of nerves that are not 100% contained within the brain or spinal cord (example: cranial nerves move out and so are peripheral nerves, gamma motor nerves, lower motor neurons, etc.)

Central nerves are the tracts (spinothalamic, corticospinal, upper motor neurons, etc.)

Pain and proprioception are the main sensory modalities

If suffering from a peripheral nerve lesion then it is in a portion of the nerve distal to the plexus (peripheral neuropathy)

Plexopathy is a nerve lesion in the plexus; deficits could be in a variety of areas

Radiculopathy is a lesion at the nerve root; deficits will only be in a dermatome

EMG/NCV - electromyogram nerve conduction velocity and SEP - sensory evoked potentials, both help determine the deficits
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Sensory Nerves

Proprioception

Nociception

Lower motor neuron - alpha motor neuron, motor

Mixed nerve - both motor and sensory

If a lesion is at or near the nerve that leaves the IVF both sensory and motor deficits will be present

Radiculopathy - disease at IVF, only at a specific myotome will deficits be present

Posterior primary ramus - mixed nerve, will innervate spinal structures

Anterior primary ramus - mixed nerve, will come together to form plexus

**Posterior primary rami does NOT contribute any nerves to a plexus, only the anterior primary ramus contributes nerves to a plexus

EMG/NCV will help determine where the lesion is

"Segmental" refers to a spinal segment (C6, C5, etc.)

Example: C7 Radiculopathy

Both sensory and motor deficits

Deficits in muscles of myotome of C7

Muscle weakness, atrophy (decreased in size, based on time), flaccid tone

Reflex (Triceps) will be hypo

Sensory deficit only in dermatome (pain will be sharp, burning, etc.)

Will feel pinwheel test less

Hypoesthesia or hypoalgesia

Dermatome pain will peripheralize and is called Tinel sign

Tinel Sign

Tinel sign is ONLY a nerve lesion

Axon regrowth causes sensation to move down an area

Tinel sign is vital during an orthopedic test

Best achieved from a peripheral nerve lesion

Nerve Lesions in Central Nervous System

Insidious 

Not reproducible

4 Major Signs

1. Agnosia

2. Apraxia

3. Aphasia

4. Ataxia

Indicate a neurological lesion in the CNS

Paresthesia

"Abnormal sensations" 

Tingling

ONLY cause is a neuropathy of nervous system

If the paresthesia is only in a dermatome, then it is in the nerve root

Sensory Nervous System

Only free nerve endings are segmental

Proprioception is NOT segmental

Nociception is segmental but only in the skin

Hypoalgesia

Refers to pain

Polyradiculopathy

Lesions of many nerve root lesions

Disease is called Guillaume-Barre

Proprioception

Lost in peripheral nerve lesion or nerve plexus lesion but NOT in a nerve root lesion

Does NOT follow segmental patterns

Nociception

Has segmental boundaries

Primitive

Pain 

A-delta fibers have myelin, fast conduction, transmitted on spinothalamic tract

Spinothalamic immediately decussates and terminates at the thalamus

Thalamus is a pain perceiver, poorly discriminated

C fibers come from muscles, tendons, ligaments, viscera, etc.

C fibers travel up the spinoreticulothalamic tract, transmit dull, achy pain

Thalamocortical tract carries sharp pain fibers from thalamus to cortex, post central gyrus (parietal lobe) (somatosensory area I)

These pain fibers are discriminated

Agnosia

Loss of ability to discriminate

Can perceive but NOT discriminate

Several different kinds (tactile, visual, auditory, etc.)

Aphasia

Inability to communicate

Closely related to agnosia

Akinesthesia

Agraphesthesia
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Sensory Fibers

Can carry pain or proprioception

A delta and C fibers carry pain

Spinothalamic tract carries pain 

Pain

Pain fibers (A delta or C fiber) are stimulated

They travel to cord where they stimulate an interneuron in the dorsal horn

2 major pain tracts: spinothalamic or spinoreticulothalamic pathway

Spinothalamic Pathway

If traveling via spinothalamic tract, then it travels to thalamus and then to cortex

SA fibers (sensory afferent fibers) transmitted mostly by spinothalamic tract

Thalamus is involved in pain perception but NOT pain 

discrimination

Cortex is involved in pain discrimination

Where the pain fibers travel to are called Somatic area I (also Somatic areas II and III but do NOT provide the well discriminated pain areas that Somatic area I does)

Homunculus of man shows somatosensory area I

Spinoreticulothalamic Pathway

If traveling via the spinoreticulothalamic pathway the sensation travels to reticular formation in brainstem and then to thalamus 

At thalamus this pathway stops

Spinoreticulothalamic pathway transmits mostly C fibers

Reticular formation contains the reticular activating centers which are the waking centers

If patient claims that there is good relief from OTC drugs then it is a good indication that the C fibers are being stimulated

Somatosensory areas II and III carry mostly C fibers

PAG (periaqueductal gray area) 

A descending inhibitory pain pathway

To stimulate and block pain by restimulating mechanoreceptors

Proprioception

A-fibers

Mechanical means will stimulate mechanoreceptors that go to cord and stimulate dorsal column

Travel dorsal column to gracilis or cuneatus nuclei

Then it travels via the medial lemniscus to thalamus

From thalamus to cortex

Proprioception can be discriminated and is more direct and powerful than the pain pathway

Stimulating muscles, tendons, ligaments, and joints

Examples of mechanoreceptors are Meissner's, spindles, GTOs, etc.

Even with a single nerve root lesion you will still be able to tell proprioception

Akinesthesia 

Inability to discriminate position in space

Ataxia 

Loss of fine motor control

Only place you can separate the modalities (pain and perception) are in the cord

Cortex

Capable of discrimination

Lesion in cortex causes loss of discrimination, decreased pain localization

Experience akinesthesia, agraphesthesia, astereognosia, etc. (all examples of agnosia)

Agraphesthesia

Inability to discriminate what is being written on the hand

Astereognosia

Inability to discriminate size or shape of an object

Agnosia

Inability to discriminate a sensation

Thalamus

Capable of pain perception

Lesion of thalamus should deprive patient of pain perception and because thalamus cannot project up to the cortex discrimination is also lost

Spinal Cord

Lesions in the cord usually eliminate one modality but leave another intact

Peripheral Nervous System

Root lesion is called a radiculopathy and all signs/symptoms will be segmental (dermatome - only pain lost, proprioception will be intact)

Plexus lesion causes Thoracic Outlet Syndrome (blood supply will be effected, neurovascular)

Peripheral nerve lesion causes deficits that respond to a known peripheral nerve (non-segmental, non-vascular)

Lower Motor Neuron lesion is in the periphery (muscles would be flaccid, decreased muscle tone, etc.)

Upper Motor Neuron lesion is in the spinal cord (muscles would be spastic, increased muscle tone, positive Babinski sign)

Motor System

More important to clinician than sensory

Alpha motor neuron goes out and stimulates a muscle

Motor unit - alpha motor neuron, axon, myoneural junction, muscle

Located in anterior (ventral) horn

If lesion any part of motor unit, patient will experience weakness

Axon can be divided into root or peripheral nerve

Examples of neuropathy are multiple sclerosis, polio, myasthenia gravis, etc.

Example of myopathy is muscular dystrophy

Corticospinal (pyramidal) pathway comes from precentral gyrus (motor system in cortex)

In motor cortex are the Betz cells that initiate the corticospinal pathway

Corticospinal pathway is a voluntary pathway

Lesion in motor area of cortex causes paralysis

Paralysis is no muscle contraction 

Weakness is a combination of both lower and upper motor neuron lesions
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Proprioception 

Muscles, tendons, ligaments, joints, viscera

Proprioception Pathways

1. Cortical pathway

2. Cerebellar

3. Deep Tendon Reflex

Cortical

Issue with discrimination

The highest level

"Conscious"

A-delta fibers (largest in the body)

Sensory cortex - somatosensory area I via the dorsal columns/medial lemniscus (secondary/tertiary neurons)

*Carried to cortex via the lemniscal system (tertiary neuron)

If lose: astereognosis, agraphesthesia, akinesthesia, abaragnosia (unable to detect weight differences), etc.

"Conscious Proprioception" because nothing reaches conscious level until reaches cortex

Cerebellar

Issue with coordination

"Unconscious"

If lose = decreased coordination (ataxia)

Uses spinocerebellar tract

Indications of loss of coordination

1. Intention tremor

2. Dysmetria

3. Nystagmus

4. Gait deficits

5. + Romberg sign

6. + Pronator sign

Lesion in the hemisphere presents ipsilaterally

Romberg Test

To differentiate cerebellar ataxia from cord ataxia

A clinical exam

If cord lesion: the ataxia can be reduced with eyes open

Only perform if ataxic

Patient stands with feet separated and eyes closed

Doctor observes "degree of sway"

Is the ataxia reduced by visual input?

If ataxia worsens with eyes closed = cord = + Romberg 

Apraxia

Motor weakness

Deep Tendon Reflex

"Unconscious"

Most primitive proprioceptive function

No pathway

Spindle is stretched inside the muscle

Spindle is a mechanoreceptor

Spindle transmits to cord and onto an alpha motor neuron

Alpha motor neuron sends signal back to muscle

Annulospiral is attached to spindle and is the ONLY monosynaptic reflex in the body

Deep tendon reflex is what causes muscles to be spastic in upper motor neuron lesion

Most powerful controller of tone in the body

Spindles purpose is homonymous facilitation (facilitate itself)

Upper motor neuron lesions are losses of inhibition 

Alpha Motor Neuron

Continuously bombarded with positive and negative charges

Trying to maintain "tonus"

Increased Tonicity

Causes:

1. Increase the positive charges (most common)

This is normal neurological function

If took medication for this, it would cause decreased pain and decreased tone (both are lesions)

2. Decrease the negatives

Loss of inhibition to the alpha motor neuron

Results in upper motor neuron lesion

Extrapyramidal Pathways

Tectospinal

Rubrospinal

Vestibulospinal

Reticulospinal

Things that Affect the Alpha Motor Neuron

Spindle (+)

Pain (+)

Corticospinal (pyramidal) (+)

GTO (-)

Extrapyramidal (-)

Antagonistic muscle (-)

Agonist muscle (-)

Limbic System (+)

Hypothalamus (+)

Etc.

Alpha motor neuron will cause muscle to do whatever based on the predominant charge

Renshaw Cells

Interneurons of inhibition

Spasm 

Caused by loss of extrapyramidal

Paralysis

Caused by loss of pyramidal

Parkinson's

Patient is not paralyzed but spastic

Loss of stimulation to the basal ganglia

No problem with the pyramidal system

Lesions of Internal Capsule

Present as upper motor neuron lesion

Damage to pyramidales but not to extrapyramidals

Weak/paralysis

Decreased tonicity

Decreased reflex
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Relationship between Mechanoreception and Nociception

Gate Theory

Melzack and Wahl in 1960s coined concept

More mechanoreceptors than nociceptors

Blocking pain speeds healing

TENS Unit

Trans electrical neural stimulation

Machine used to speed healing

Reduces pain perception

Upper Motor Neuron Lesions

None of the lesion can escape the brain or cord

Spastic paralysis (weakness)

Lesion will typically affect pyramidal and extrapyramidal fibers

Increased muscle tone

Hyperreflexia

Hypermimia is excessive expression, involuntary reaction to any emotion, contortion of facial muscles (limbic system has control over the facial muscles)

Positive (+) Babinski (corticospinal tract is only cause)

Lower Motor Neuron Lesion

Flaccid paralysis (weakness)

Cranial nerves are lower motor neurons

Lose muscular tone

Example of LMN Lesion

Nuclear Lesion of Cranial Nerve VII

Bell's palsy

Attributed to viral infection

Tends to clear up within a few weeks or months

Usually follows an acute upper respiratory infection

Reflexes

3 Types:

1. Deep Tendon Reflexes

2. Superficial

3. Pathologic

Reflex hammer helps distinguish between the 3 types
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Asthenia

Weakness

1. Neuropathy

CNS/PNS

2. Myopathy

Motor Unit

Neurological part: cell body, axon, myoneural junction

Lesion on any spot of neurological part of motor unit is classified as neuropathy

Lesion on any spot of muscle is classified as myopathy

Examples of Diseases or Dysfunctions that Cause Weakness

Polio (lesion at spinal cord)

Disc bulge or spur (lesion at nerve root, radiculopathy)

Thoracic Outlet Syndrome (lesion at plexus, plexopathy)

Carpal Tunnel Syndrome (lesion at peripheral nerves, peripheral neuropathy)

Myasthenia Gravis (lesion at myoneural junction)

Muscular Dystrophy (lesion at muscle, myopathy)

Wallerian Degeneration

Degeneration or prolonged compression of a nerve

Causes muscle fibers to be decentralized (no longer connected to the central nervous system)

Muscle cell becomes sensitive to acetylcholine (acetylcholine helps muscle fibers contract)

Function of Muscles

Contraction

EMG

Electromyography

Needle inserted into muscle

Measures muscle activity

Deflection indicates a change in polarity in the muscle

Fibrillation potentials at rest occur when muscle fiber becomes decentralized (occur in response to a sensitized muscle cell)

Fibrillations become fasciculations (can be seen through skin, extreme neurological loss to a muscle)

 Insertional fibrillation occurs when needle inserted into muscle (normal)

Amplitude is measure of energy (action potentials)

Recruitment

When nerves adopt decentralized muscle fibers

Will cause cross shunting

Occurs within 2 weeks

Neuropraxia

Condition in which the myelin sheath is still intact and the myelin sheath will provide the passageway so that nerves can hook back up

Neurotmesis (Axonotmesis)

Myelin sheath and entire nerve is degenerated

Budding occurs from other nerves that innervate the degenerated muscle 

This process is called cross shunting (caused by recruitment of foreign muscle fibers)

Cross shunting causes problems when contraction muscle fibers

All-or-Nothing Principle

When an action potential is fired, all of the muscle fibers contract or none at all

Findings on EMG with Patient with Neuropathy

1. Fibrillation potentials at rest

2. Increase of action potential amplitude

3. Decrease in the number of motor unit action potentials (MUAP)

Occurs within 2 weeks

Basis for Having EMG Done

Progressive weakness

Muscle atrophy

Referral for EMG

Purpose of EMG

To determine if there is a motor unit degeneration

*To detect disease of the motor unit

Myopathy

Exactly the opposite from neuropathy

No decentralization of muscle fibers just fewer muscle fibers

Size of motor unit decreases

More motor units have to be fired in order to maintain a resistance

EMG with Patient with Myopathy

Decrease in amplitude

Increase in number of motor unit action potentials

Plexopathy (Thoracic Outlet Syndrome)

Non-segmental presentation

Positive (+) EMG

Motor Unit

One nerve and all the muscle fibers it innervates

Upper Motor Neuron Lesion

Normal EMG 

Spasticity

Increased DTR

Nerve Conduction Velocity Test (NCV)

Measures the speed (velocity) along nerves

Used when suspect problem is in peripheral nerve and want to localize damage

Used along with EMG

Do EMG and then followed by NCV is EMG results are positive

Double Crush Syndrome

Ganglio neuropathy
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Neurological Examination Includes

Sensory - pain and proprioception

Motor - upper motor and lower motor

Reflexes: 

1. Deep tendon

2. Superficial

3. Pathological

If conduction is decreased, then it should occur in at least one area

Deep Tendon Reflex

Tap tendon

Stretch the spindle

 Stimulation of annulospiral fiber to cord

Monosynaptic reflex

Alpha motor neuron is stimulated 

Asymmetry is what is important

Can be hyperreflexia or hyporeflexia

Adie's Syndrome 

Means all reflexes are depressed (light reflex, visceral reflexes, superficial reflexes)

Rare syndrome

Hyporeflexia

Lesion of either sensory or motor reflex

Classified as lower motor neuron lesion but could be a sensory deficit

Somatosomatic reflex

Decreased DTR

Flaccid paralysis

Somatic Afferent

Sensory

Somatic Efferent

Motor

Hyperreflexia

Affected by extrapyramidal fibers

Spastic paralysis

Classified as upper motor neuron lesion

Motor Unit

Weakness is number one symptom associated with motor unit deficit

SA fiber is NOT a part of motor unit

Will use tone and reflexes but NOT strength

Extrapyramidal Fibers

Inhibit and maintain coordination

Lesion would cause spasticity but not paralysis

Pyramidal fibers

Willed contraction

Lesion would cause paralysis but not spasticity

*Lesion of BOTH extrapyramidal and pyramidal fibers would cause spasticity AND paralysis

Alpha Motor Neuron Lesion

Hypotonic

Weak

Spastic

Sensory Lesion

Loss of tone

NO loss of strength

Loss of DTR

Superficial Reflexes

Stimulation of skin or mucous membrane (irritate nerve endings)

Nerve endings will fire and enter cord

Arrive on T-cell (tract) and travel to thalamus and then to cortex

Once in cortex, cognition

Once sensed it goes to motor and down to alpha motor neuron

Alpha motor neuron goes out to muscle to cause contraction

**Requires Cortical Integration

People who are comatose do NOT have superficial reflexes but could have excessive DTR

Either present or absent

Examples: abdominal, cremasteric, anal, corneal, gag, sneeze, cough, swallow

Can lesion any part of pathway (can be UMN or LMN)

Upper Motor Neuron Lesion

Increased DTR

Decreased Superficial reflex

DTR and superficial reflexes are together

+ Babinski sign

Pathological Reflex

Also known as primitive

Found in newborn and supposed to diminish as tracts mature

Example: Babinski (plantar reflex - stroke across bottom of foot and causes extension of big toe and the rest of the toes follow) (extensor reflex)

Flexor plantar reflex is a negative Babinski and is NORMAL, caused ONLY by pyramidal (corticospinal) lesion (Parkinson's patients do NOT have pyramidal lesions)

Gordon's sign (squeezing Achilles tendon and cause pain)

Glabellar sign (glabella is between your eyes) - tap glabella and continuous blinking (most patient's after about 3rd tap will not blink anymore, this is NORMAL)

Grasp sign - stroke the hand and patient will grasp

Sucking reflex - stroke side of mouth and patient will begin to suck

These primitive reflexes will appear in dementia

Cauda Equina Syndrome

Lower motor neurons (alpha motor neurons)

NEVER see + Babinski
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Central Nervous System

Brain 

Spinal Cord

Lesion 

Causes sensory, motor, and reflex deficits

Brown-Sequard Syndrome

Hemisection lesion at T2 on left

Sensory:

Decreased pain from T2 down on right (no perception) (contralaterally)

Decreased proprioception on left side (ipsilaterally)

Motor:

Weakness and paralysis on left side below T2 (ipsilaterally because loss of corticospinal/pyramidal pathways)

Increased tone (spasm) on ipsilateral side below T2 because loss of extrapyramidal pathway (loss of inhibition)

Reflexes:

Increased Deep Tendon Reflex - hyperreflexia in reflexes below T2

Spindle is dominating

Decreased Superficial Reflexes on ipsilateral side

Pathological Reflex - + Babinski on ipsilateral side

Conclusion: All deficits in cord for a hemisection lesion is on ipsilateral side EXCEPT for pain (contralateral)

In spinal cord lesions there is a combination of upper motor and lower motor neuron lesions (T2 will be lower motor neuron lesion and everything below will be upper motor neuron lesion)

In primitive reflexes the dampening effect comes from pyramidal pathway

Right Cortical Lesion

Lesion both sensory and motor cortex (parietal and frontal lobes)

Sensory: 

Patient will be able to perceive pain because thalamus is intact but will lose pain discrimination (decreased point localization - cannot tell you exact point of pain) on the left side

Agnosia - inability to discriminate but not perceive

Loss of proprioception on left side

Proprioception travels via dorsal columns

Akinesthesia - cannot tell you where in space a body part is 

Also astereognosis, agraphesia, etc.

Vibration intact even with cortical lesions (perception occurs subcortically, thalamus) (can help you determine where the lesion is because if patient can perceive vibration then the dorsal columns and thalamus is intact)

Can also determine hot/cold 

Motor:

Weakness and paralysis on left side

Hypertonicity (spasm)

Strength and tone are motor exams

Flexors, adductors, and internal rotators are dominating muscles (refer to fetal position)

Reflexes:

Increased DTR on left side

Loss of superficial reflex

Pathological - + Babinski

Conclusion: All deficits on contralateral side from lesion

Extrapyramidal Pathways

Originate in nuclei

Examples: tectospinal, rubrospinal, vestibulospinal, etc.

**Know mechanisms and WHY

Autonomic Nervous System

Divided into 2 systems:

1. Sympathetic - adrenergic (from adrenal gland which secretes adrenaline)

Begins in lateral horn at approximately the level of T1

Ganglion - group of cell bodies outside the central nervous system

Preganglionic fiber (myelinated, white color) - white ramus, very short

Postganglionic fiber - leaves the ganglion, gray ramus, usually goes to some organ

Sympathetics exit T1-T5 and  travel up along with artery

Brain damage will leave sympathetics intact

2. Parasympathetic - cholinergic

Found in cranial and sacral areas

Brain damage will effect parasympathetics

Parasympathetics in eye come from Cranial nerve III (Edinger-Westphal nucleus)

Neurotransmitters

Sympathetic system:

Preganglionic fiber releases Acetylcholine - 2 types: nicotinic (biochemically reacts like nicotine) and muscarinic

Postganglionic fiber releases Norepinephrine

Norepinephrine is released by adrenal glands 

Norepinephrine is alpha; it has little or no effect on beta receptors 

In some cases norepinephrine stimulates and in some cases it inhibits

Epinephrine is also released by adrenal glands

Epinephrine is alpha and beta

Function of Sympathetics

Dilate pupils

Constricts peripheral vasculature

Blood pressure rises

Heart rate rises

Sympathomimetics

Stimulate sympathetics

Example: Ephedra or ephedrine

Ephedrine is both alpha and beta

Within proper use, ephedrine is an herb that can help upper respiratory and bronchial infections
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Sympathetic Nervous System

Both sensory and motor

Postganglionic efferent fibers travel from spinal cord and innervate smooth muscle, cardiac muscle, and glands

Affect on heart is increased rate

Visceral afferent fibers travel from organs to spinal cord

Central Excitatory State

Neuropathy of Sympathetics

Loss of sympathetic tone to face and heart

Stellate Ganglion

Contribute to cardiac plexus

Also innervate the face

Organ Dysfunction

Caused by too much nerve conduction rather than not enough

So subluxation (about 90%) would be caused by increased nerve innervation

Nerve Dysfunction

Many times dysfunction first presents as irritation (arrow up = normal function)

But after time or suddenly the irritation becomes a nerve compression (arrow down = lesion)

Horner's Syndrome

Compromised sympathetics

Cranial nerve III

Edinger Westphal nucleus causes constriction of pupils

Miosis - perpetually constricted pupil

Anisocoria - not the same pupil, medical condition which means there are unequal pupils

Miosis is a neurological lesion, results from loss of sympathetics

Sympathetics also innervate sweat glands

Anhidrosis - dry face because loss of sympathetics

Ptosis - drooping of the eyelid because loss of sympathetics

Muscle of Muller which is intertwined with levator muscle is controlled by sympathetics

In patient with true Horner's syndrome, the eyelid droops only under involuntary control

Cyanosis - in white skin individual it appears as bluish tint in skin, purplish color more common in the sclera of the eyes, veins are dilated
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Parasympathetics

Originate from nuclei in cranial or sacral areas

Acetylcholine is the neurotransmitter

Preganglionic = long (nicotinic)

Postganglionic = short (muscarinic)

Cholinergic system

    Atropine = anticholinergic/vagal blockers

Vagus nerve is largest parasympathetic nerve

Sympatheticotonia

Increase in sympathetic tone

Sympathetics may be increased or parasympathetics may be decreased

Parasympatheticotonia

Increased parasympathetic tone

Will have a lot of systemic findings

Vagotonia

Parasympathetic atonia

Decreased heart rate

Upper Cervical Involvement

Occiput, atlas, and axis

Will stimulate parasympathetics

Pupillary Reflexes

Sympathetics cause pupils to dilate

Edinger Westphal nucleus sends fibers via Cranial Nerve III to constrict the pupils

Anisocoria

Unequal pupils - one large and one small

In dark room: Miosis = neurological deficit, lesion, pupil will not dilate, occur only with deficit of sympathetics

In well-lit room: still have anisocoria, Mydriasis = large pupil that will NOT constrict, Cranial Nerve III lesion, decreased parasympathetics

In well-lit room if patient has both pupils dilated it most likely means that patient is high on drugs

Light Reflex

In darkened room, shine light in pupil (pupil should go from dilation to constriction) = light reflex 

Normal = intact direct (constriction of pupil that has light shined in it), intact consensual (constricts because of other eye)

Mydriasis

Lesion: Lose CN III, absence of constriction in eye that has light shined through it, but there will be intact consensual because optic nerve detects the light, and vice versa

Mydriasis = pupil will not constrict directly or consensually, loss of CN III

Total Loss of Vision

Shine light through blind eye, absent direct and absent consensual

Shine light through other eye, intact direct and intact consensual 

A blind eye will NOT constrict directly but WILL constrict consensually

Oculomotor Lesion

Parasympathetic atonia (loss of parasympathetics)

Loss of visceral efferent fibers

Missing #12-23
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Static Stretching

Purpose of spindle is to increase stretch and maintain tone

Already spastic muscle

Spindle more powerful than the GTO

GTO will help to inhibit

Secondary (II) fiber - afferent, also called the "flower spray", present on chain but NOT on bag

Nuclear Bag is phasic, fast-stretch, DTR

Nuclear Chian is tonic, for extended tone (maintain long term tone)

If muscle lengthens you fire the spindle

Anatomy of IIA fiber

"Flower spray"

Has branch that is on top of the contractile ends

Spills over into the contractile ends

Receptor sites are on top of the sarcomeres

Sarcomeres innervated by gamma

When sarcomeres shorten, there is tension in the middle where the IA fibers are located

When gamma fires and nuclear ends stretch, we are putting stretch on the center (IA) and taking stretch off the receptor endings (IIA)

IIA fibers are relatively dormant

Afferentation from spindle is IA fiber

Spindle stimulated by stretch

As long as sarcomere is shortening, the IIA fibers are not firing

IIA fiber is multisynaptic

Will go through interneuronal pool in cord

In equatorial region and contractile region 

IA

On nuclear bag

Annulospiral

IIA Response

The IIA responds to a MAINTAINED STRETCH and reflexly produces a MAINTAINED CONTRACTION.  The II receptor is not sensitive to vibration and is relatively insensitive to velocity

IIA will NOT respond to quick stretch

ONLY IA fiber is sensitive to vibration

The threshold to stretch of the II ending is only slightly higher than that of the IA ending.  It conducts over a multisynaptic pathway which causes increased delay in the reflex responses as compared to the lesser delay in the monosynaptic reflex response.

With stretch the IA fiber will always be fired

Although the II receptor has only a slightly higher threshold to stretch than the IA receptor, when the length of the muscle is minimal its discharge rate is very slow. However, when the muscle is stretched near its physiological limits, the II receptor discharge rate is greater than from the IA ending. 

MAINTAIN MAXIMAL STRETCH = IIA fiber will fire

Stretch is applied within the last 10% of the physiological limits - IIA fibers are firing

2 Types of Muscles

Type I

Type II

Spindles in each muscle type behaves differently

Type I 

Muscles included are flexors, adductors, and internal rotators

Will close down a joint

Bring patient into fetal position

Phasic

White fibers

Fast-twitch

Type II 

Extensors, abductors, external rotators

Postural muscles

Tonic 

Red fibers

Slow-twitch

Intrinsic muscles of the spine

With adjustment moving Type II fibers

Most patients come into our offices with these kinds of problems

IIA Fiber ("Flower spray")

Facilitates for Type I fibers

Inhibits for Type II fibers - if stretch to maximum they must relax 

Williams Exercises

Knee to chest exercises

Maximally stretches low back muscles

Spindle

Inhibits and facilitates

Extensor Muscle in Spasm

Help by:

1. Maximal stretch and sustain it

2. Quick stretch to antagonist

Works on principle of reciprocal inhibition

**3. Isometric contraction of the antagonist muscle (safest and best way to deal with any muscle in the body)

Do NOT contract muscle in pain (spasm)

Co-contraction - works against us doing an effective therapy, necessary for stability

Have to address afferentation

4. Vibration to antagonist (flexor)

5. Contract, relax, and stretch (lengthening the muscle, resetting the spindle)

Based on contracting spindle then stop, spindle at zero, so stretch, by the time the gamma fires the spindle can be reset to new length

6. Adjusting

Adds proprioception

Need to hold the adjustment after so that it is not counter-effective

Hybrids

Quadriceps and hamstrings

Crosses two joints (opposing actions at each joint)

NO muscle is purely slow-twitch and fast-twitch; dependent on what is dominant

If it is dominate in red, it will be Type II

If it is dominate in white, it will be Type I
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Decrease Muscle Tone

1.  Passive stretch

*Best for Type II muscles

Mechanism: Stimulation of IIA

2. ICA - Isometric Contraction of the Antagonist

Mechanism: Reciprocal Inhibition

3. Contract, relax, and stretch

Involving the muscle we are trying to relax

Mechanism: Spindle activity at its lowest and GTO activity at its highest, re-biased spindle to new length

4. Spray and stretch

Uses vasocoolant spray (ethyl chloride or methyl fluoride) on skin

Spray skin generally from origin to insertion over muscle and then stretch muscle

There is a decrease in stretch reflex

Many people say that the same thing can be accomplished with ice massage

Not recommended for low back muscles, works well for peripheral muscles and cervical muscles

Mechanism: Freezing of skin will decrease back ground afferentation

Whole area in sensitized state

Constant bombardment into the area

Spray will interrupt the afferentation coming in from the skin

5. Chiropractic Adjustment

Increases mechanoreception (which will decrease afferentation)

Reduces Substance P production

Reduces central excitation

6. Relaxation techniques

Low Back Pain (LBP)

Disc origin = neuropathy/somatic pain

Pain does not have to be radicular pain (neuropathy) but can be sclerotome (somatic) pain

Disc lesion (disc bulge/disc herniation/disc protrusion)

There can be anterior or posterior lesions

Most common are posterolateral disc bulges (either on right or left)

Can be in another direction such as posterior (central)

Posterolateral Disc Bulge

1. Medial

2. Lateral

These terms relate to position of bulge in relation to nerve root

If on outside of nerve root, then it is a lateral bulge

If on inside of nerve root, then it is medial bulge

Some techniques are based on position of bulge (example: Cox distraction test)

Lateral Bulge

+ Straight leg raise

+ Bragard

+ Valsalva

- Well leg raise (when raising unaffected leg there is no discomfort)

Medial Bulge

+ SLR

+ Bragard

+ Valsalva

+ WLR (when raising unaffected leg there is pain down affected leg because when raising unaffected leg the affected nerve root is pulled into unaffected nerve root)
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Properties of Healthy Muscle

Irritability

Contractility

Elasticity - ability of muscle to lengthen

Tonicity - normal balance of tone

Eccentric contraction will affect all of these properties

Neurocompression

Nerve can be compressed at several sites, root or periphery

Different symptoms at root and at periphery

Root: pressure leads to pain, pressure off leads to relief

Peripheral: pressure leads to numbness (loss of sensation), pressure off leads to tingling

Pressure on nerve is blocking axoplasmic flow

In nerve root pressure, pain in dermatomal area

When patient has numbness, need to ask about digital movement (does tingling increase with movement of fingers and toes?)

Paresthetic "storm" = initiating movement during paresthesia (only occurs with peripheral nerve compression) = peripheral entrapment

Billfold Syndrome

Numbness down leg during sitting

Thoracic Outlet Syndrome (TOS)

Neurovascular compression

Constant numbness (pressure on nerve) and tingling (pressure off nerve)

Affects a peripheral nerve

1. Hyperabduction - pressure on, numbness, when patient's arm is raised up

2. Costoclavicular - pressure when patient's arm is down, between rib and clavicle, constant numbness with occasional tingling when they shrug their shoulders

Pulse is decreased

Piriformis Syndrome

Chief complaint is pain

Many people actually have hip bursitis, degenerative joint disease of hip, etc.

Should have numbness and tingling

Case History

1. CC Generalized low back pain; spasm. No trauma

+ RLR

+ LLR

+ Kemp

+ Forward Flexion

- Valsalva

- Bechterew (sitting sciatic stretch; more challenging to sciatic nerve than SLR)

Dural involvement is ruled out because negative Valsalva

a. Sciatic neuralgia

b. DJD

c. . Lumbar sprain/strain (NO trauma)

d. Central disc (NO because negative Valsalva)

e. Dural sheath irritation (NO because chief complaint; should have sclerotome pain)

**Valsalva is commonly negative for lesions outside the spinal canal; not good test for IVF encroachment

**Facets are not innervated by sinovertebral nerve

2. CC Right leg pain, burning into L5/S1 dermatome with paresthesia

+ SLR

+ Braggard

+ Bechterew

- WLR

- Valsalva

- Kemp

- Percussion

No lumbar dysrhythmia 

a. L5 posterolateral disc syndrome (negative tests should be positive)

b. Facet synovitis (Percussion test would be positive)

c. L5 osteophytic impingement (negative tests should be positive)

d. Sciatica

e. Peripheral neuropathy (NO because pain)

Lumbago

Extra segmental (outside the segment)

NOT sclerotomal

Many causes

3. CC Increased back pain (lumbago) on sitting and sleeping on stomach.  Pain lessens with activity.

+ Kemp

+ Percussion

+ Milgram (patient holds leg up in there, positive for ANY lumbosacral problem)

+ Ely

- Faber (for hip)

- RLR

- LLR

- Valsalva

- Neck Flexion

- Iliac Compression (for SI joint)

a. Central disc syndrome (dural tests are negative)

b. facet impingement (should cause sharp pain rather than lumbago pain which is dull and achy)

c. sprain/strain (NO trauma, lessens with activity)

d. hyperlordosis (have lumbago type pain patterns)

e. SI strain (NO because negative Iliac compression)

4. CC Right back pain associated with right SI dermatomal leg pain and paresthesia. Lumbar DJD; sprain injury 2 weeks ago

+ Milgram

+ SLR

+ Kemp

+ Bechterew

+ Braggard

- WLR

- Valsalva

- Neck flexion

a. Dural sheath irritation (NO because dermatome pain present)

b. Central disc (NO because - Valsalva, etc.)

c. Sciatica

d. Osteophytic impingement 

e. Posterolateral disc (NO because negative Valsalva)
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Properties of Healthy Muscle

Irritability

Contractility

Elasticity - ability of muscle to lengthen

Tonicity - normal balance of tone

Eccentric contraction will affect all of these properties

Neurocompression

Nerve can be compressed at several sites, root or periphery

Different symptoms at root and at periphery

Root: pressure leads to pain, pressure off leads to relief

Peripheral: pressure leads to numbness (loss of sensation), pressure off leads to tingling

Pressure on nerve is blocking axoplasmic flow

In nerve root pressure, pain in dermatomal area

When patient has numbness, need to ask about digital movement (does tingling increase with movement of fingers and toes?)

Paresthetic "storm" = initiating movement during paresthesia (only occurs with peripheral nerve compression) = peripheral entrapment

Billfold Syndrome

Numbness down leg during sitting

Thoracic Outlet Syndrome (TOS)

Neurovascular compression

Constant numbness (pressure on nerve) and tingling (pressure off nerve)

Affects a peripheral nerve

1. Hyperabduction - pressure on, numbness, when patient's arm is raised up

2. Costoclavicular - pressure when patient's arm is down, between rib and clavicle, constant numbness with occasional tingling when they shrug their shoulders

Pulse is decreased

Piriformis Syndrome

Chief complaint is pain

Many people actually have hip bursitis, degenerative joint disease of hip, etc.

Should have numbness and tingling

Case History

1. CC Generalized low back pain; spasm. No trauma

+ RLR

+ LLR

+ Kemp

+ Forward Flexion

- Valsalva

- Bechterew (sitting sciatic stretch; more challenging to sciatic nerve than SLR)

Dural involvement is ruled out because negative Valsalva

a. Sciatic neuralgia

b. DJD

c. . Lumbar sprain/strain (NO trauma)

d. Central disc (NO because negative Valsalva)

e. Dural sheath irritation (NO because chief complaint; should have sclerotome pain)

**Valsalva is commonly negative for lesions outside the spinal canal; not good test for IVF encroachment

**Facets are not innervated by sinovertebral nerve

2. CC Right leg pain, burning into L5/S1 dermatome with paresthesia

+ SLR

+ Braggard

+ Bechterew

- WLR

- Valsalva

- Kemp

- Percussion

No lumbar dysrhythmia 

a. L5 posterolateral disc syndrome (negative tests should be positive)

b. Facet synovitis (Percussion test would be positive)

c. L5 osteophytic impingement (negative tests should be positive)

d. Sciatica

e. Peripheral neuropathy (NO because pain)

Lumbago

Extra segmental (outside the segment)

NOT sclerotomal

Many causes

3. CC Increased back pain (lumbago) on sitting and sleeping on stomach.  Pain lessens with activity.

+ Kemp

+ Percussion

+ Milgram (patient holds leg up in there, positive for ANY lumbosacral problem)

+ Ely

- Faber (for hip)

- RLR

- LLR

- Valsalva

- Neck Flexion

- Iliac Compression (for SI joint)

a. Central disc syndrome (dural tests are negative)

b. facet impingement (should cause sharp pain rather than lumbago pain which is dull and achy)

c. sprain/strain (NO trauma, lessens with activity)

d. hyperlordosis (have lumbago type pain patterns)

e. SI strain (NO because negative Iliac compression)

4. CC Right back pain associated with right SI dermatomal leg pain and paresthesia. Lumbar DJD; sprain injury 2 weeks ago

+ Milgram

+ SLR

+ Kemp

+ Bechterew

+ Braggard

- WLR

- Valsalva

- Neck flexion

a. Dural sheath irritation (NO because dermatome pain present)

b. Central disc (NO because - Valsalva, etc.)

c. Sciatica

d. Osteophytic impingement 

e. Posterolateral disc (NO because negative Valsalva)
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Double Crush Syndrome

Nerve is impinged in more than one area

Example: carpal tunnel syndrome (usually in wrist and cervical involvement)

Technical term is ganglioneuropathies (Upton and MeComas, 1973)

Additive effects of distal compression and proximal impingement work synergistically to produce clinical symptomatology

2-week trial of chiropractic manipulation is recommended for patients with suspected double crush syndrome

Axoplasmic flow has been altered because pressure on the nerve root and compression on the median nerve.  

Can cause denervation patterns so denervation shows EMG evidence

How to Determine You Have Double Crush Syndrome

1. X-ray of cervical

2. Complaints of stiffness and pain in neck

3. Previous history of neck problems

4. Sensory abnormalities corresponding to dermatomes, rather than peripheral nerve distribution

5. Proximal and distal symptomatology

6. Positive Tinel sign upon irritation of median nerve

7. EMG evidence of denervation of peripheral nerve supplied by the related nerve root

Carpal Tunnel Syndrome

It should be emphasized that cervical spondylosis and carpal tunnel syndrome can co-exist and relief of one may relieve the patient's symptoms

REVIEW

1. Spindle: anatomy, function

IIA fiber does what

IA fiber does what

Gamma motor neuron innervates what

2. Spasm: relationship to spindle function

3. Reduction of spasm:

Mechanisms

Passive stretch - works well because IIA fiber

Contract/relax/stretch - utilizes the GTO to its maximum, reduce spindle activity momentarily

Isometric contraction of the antagonist - reciprocal inhibition, avoid stretching and contracting of tight muscle

PNF - proprioceptive neuromuscular facilitation

4. Transverse vs. Longitudinal Strain

Anatomy 

Range of motion analysis

Recommended therapy

Transverse - tear the muscle

Longitudinal - myofascial, spindle injury, results in occult injury; muscle loses tone and then forces eccentric contraction on it, trigger points vs., tender points

Treatment - transverse - RICE, longitudinal - re-toning muscle

5. Low back pain of dural origin

Innervation of dura - sinovertebral nerve - C-fibers and sympathetic

Pain patterns - dural sleeve - sclerotome pain pattern, cord dura - lumbago (extra segmental) pain pattern

Dural Signs (4) - if dural problem, one or more should be positive, Valsalva is #1

Reproducibility of sclerotogenous pain - dural is NOT innervated by A-fibers, can reproduce dull, spreading ache

6. Orthopedic tests reviewed in class

Milgram - all low back conditions

Spinous percussion - isolated segment

SLR

WLR

Medial and lateral disc bulge

Braggard - dorsiflexion of foot with SLR

Bechterew - sitting sciatic stretch

Iliac compression - SI joint

Fabere - hip

7. Peripheral nerve pressure vs. radicular nerve pressure

Peripheral = numbness, radicular = pain, relieve pressure on peripheral = tingling, relieve radicular pressure = relief

8. Focal vs. etiological diagnosis 

Orthopedic tests give focal diagnosis

Orthopedic tests tell us where the problem is generally

Orthopedic tests reproduce the chief complaint

Etiological tells us where and what the problem is specifically (not just muscle spasm but what caused muscle spasm)

Example: facet lesion = focal 

+ Valsalva = dural involvement = focal

S1 radiculopathy = focal

S1 radiculopathy associated with lumbar osteophytes = etiological
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Shoulder

Made up of 7 joints

Only abduction is the only movement that will move all of these joints

1. Glenohumeral

2. Suprahumeral

3. Acromioclavicular

4. Sternoclavicular

5. Costosternal

6. Costovertebral

7. Scapulocostal

Codman's Scapular Rhythm

Has to move well in abduction (side-ward elevation)

To raise the arm 180 degrees, the glenohumeral joint has to move 120 degrees and the scapulocostal joint must move 60 degrees

This rhythm says that for the arm to be raised to 180 degrees then there must be a 2:1 ratio between the glenohumeral and scapulocostal joints

Fixation of Scapulocostal

Caused by:

1. Bursitis

2. Tight rhomboids (spasm)

C5 is the major source of afferentation to the shoulder muscle and also provides efferentation to the shoulder

3. Lateral curvature of the thoracic spine (example: scoliosis)

These muscles often develop tender and/or trigger points because myofascial strain

Eccentric contractions cause myofascial strain

Patient will have a sore shoulder

External Rotation

When abducting shoulder, there needs to be external rotation of glenohumeral joint

External rotation occurs naturally

Pinching of soft tissues is caused by abduction without external rotation

All physiological motion of the shoulder is named for the glenohumeral joint

When we sit all day, we are constantly using internal rotators

Internal rotators are stronger than the external rotators

Structures That Are Affected by Not Externally Rotating

Subacromial bursa

Supraspinatus tendon

Subdeltoid fascia

All of these structures are innervated (bursa are not technically innervated but repeated inflammation creates nociception)

Tendon Engorgement

Inflammatory exudate in tendon

Engorged area can become calcified

When calcific area shows up on film, it probably will not disappear

Tendon engorgement will inflame the bursa

Pattern

1. Tendinitis

2. Irritation of bursa (bursitis)

Tendinitis and bursitis demonstrates the painful arc (test associated with tendinitis/bursitis)

3. Capsulitis (frozen shoulder syndromes)

Whole process can take years

Painful arc

Patient raises arm, no pain until about 60 degrees

60 degrees we begin to pinch the structures in between

Pain will intensify until 120 degrees

Then after 120 degrees the pain will disappear

Pain on active

NO pain on passive

Pain on resistive

Capsulitis

When shoulder frozen, 50% of mobility after rehabilitation is considered good

Patient can themselves do exercises

Some believe that this occurs because of the bursting of the bursa

Treatment

1. Codman pendular exercises - separates glenohumeral joint, want to increase space of glenohumeral joint

2. Transverse motions of shoulder (manipulative)

3. Back and forth translation

4. Patient can do shrugging of shoulder exercises

Comfortable motion for patient is internal rotation and adduction so in acute stage putting patient's arm in sling will be helpful
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Hip Joint


Head of the femur and acetabular cavity

2 angles:

1. Neck-shaft angle

In the adult, the normal angle is 120 degrees

Easily compressed so angle reduces (<120) - condition is called Coxa Vara - gives patient short leg and gluteus medius is shortened and strength decreased (attaches to shaft and is responsible for abduction) (puts a lot of weight on neck and predisposes it to fracture, fracture is common the elderly) 

Causes Genu Varum

2. Angle of version (to twist) - Normal Angle in adult is about 12 degrees

In newborn the angle is about 25 degrees - "anteversion" - angle twisted forward in the child - as child begins to walk the shaft begins to twist and decreases the angle

If in the adult, the patient is suffering from anteversion the angle is >12 degrees

Anteversion is one of most common hip deformities

Anteversion causes toe-in because when patient is upright the head comes out of acetabulum because increased angle so patient rotates leg inward to put head back into acetabulum

Usually unilateral

Retroversion - angle is <12 degrees

When patient is upright, the patient has to rotate toe outward 

Neither anteversion nor retroversion will be seen when patient is lying down; only during gait can this be seen

Possible for toe-in and toe-out to be caused by ankle or knee so the landmark is the patella

For anteversion the patella is rotated medially, and for retroversion the patella is rotated laterally

Loss of Neck-Shaft Angle (Coxa Vara)

1. Fracture

2. Short leg

3. Genu varum (bow-legged)

4. Limp

Hip Disease (Degenerative Joint Disease)

Inflammation of the capsule

Capsule is highly innervated and vascular

Characteristics:

1. Pain always worse on weight-bearing

Patient spends less time in stance phase of gait

Typical pain is in the groin

Any referral is in anterior-medial thigh (femoral complex)

2. Typical posture is when hip is flexed and externally rotated

Patient walks on their toes

Degenerative joint disease causes flaring, somatosomatic reflex from capsule; more room if hip is in flexion and external rotation

This posture shortens the weight-bearing phase

Malum coxae senilis - "disease of the old hip" - degenerative joint disease of the hip

2 Phases of Gait

1. Swing phase

2. Stance phase - weight-bearing phase

Hip Fracture

Usually in neck

Hip will be flexed and internally rotated

Does not usually cause a lot of pain

Pain comes much later (excruciating pain)

Trendelenburg Gait

Most common abnormal gait

Patient will lean over affected hip

When lifting right leg, gluteus medius on left leg drops

In most hip conditions the gluteus medius weakens

Gluteus medius produces pain so it relaxes causing pain and the patient leans all of the body weight onto the that side 

Compressive force is about 3x body weight

Trendelenburg gait is leaning over the weight-bearing hip - gluteus medius limp

By walking on the weight-bearing hip, the compressive force is divided by half

In DJD, the hip is painful

In Coxa Vara, the hip is NOT painful 

When standing on both legs, the compressive force on both hips is 1/2 the body weight

To help maintain weight when you have DJD of hip, use cane (opposite hand and opposite hip)

Use cane during time of hip flaring

Proper cane size is measured from middle of palm down to floor and then add 2 inches

Hold cane on side of good hip

When heel of bad leg strikes, the cane strikes the floor that way you are putting weight on cane (distributing weight)

Polio commonly causes Trendelenburg gait

Psoas Contraction

Psoas muscle is painful

Lean on side during swing phase

Psoas contracture may cause bursitis

Hip Tests

1. Patrick Faber

2. Thomas test

