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REVIEW

PART	ONE



What	is	Fitness?
REVIEW



REVIEW Barefoot	Running	and	the	Minimalist	Movement



Christopher	McDougall:

“Running	shoes	may	be	the	most	destructive	force	
to	ever	hit	the	human	foot.”

Daniel	Lieberman (Harvard	anthropologist):
“A lot of foot and knee injuries that are currently plaguing us are actually
caused by people running with shoes that actually make our feet weak,
cause us to over-pronate, give us knee problems. Until 1972, when the
modem athletic shoe was invented by Nike, people ran in very thin-soled
shoes, had strong feet, and had much lower incidence of knee injuries.”

REVIEW Barefoot	Running	and	the	Minimalist	Movement



REVIEW Barefoot	Running	and	the	Minimalist	Movement



No warm-ups or cool downs or stretching;
just several-hundred-mile runs, feasts of
barbecued mice, and excessive drinking
(of liquor made from rattlesnake corpses).

Tarahumara “Indians”	(of	Mexico’s	Copper	Canyons) are	urban	legends	incarnate.

REVIEW Barefoot	Running	and	the	Minimalist	Movement

Not	on	the	test.		Just	a	modern	example	of	long	distance	minimalist	running.		
Apparently,	after	death,	they	return	as	ghosts	to	collect	all	of	the	hairs	they	
left	behind.



Minimalist												vs Maximalist	

REVIEW Barefoot	Running	and	the	Minimalist	Movement



REVIEW

103 runners with neutral or mild
pronation were randomly assigned a
neutral (Nike Pegasus 28), partial
minimalist (Nike Free 3.0 V2) or full
minimalist (Vibram 5-Finger Bikila)
shoe. They spent 12 weeks training
for a 10k event.

Barefoot	Running	and	the	Minimalist	Movement



Timeline	of	the	running	shoe	and	the	minimalist	movement:	

REVIEW Barefoot	Running	and	the	Minimalist	Movement



After	Born	to	Run…

REVIEW Barefoot	Running	and	the	Minimalist	Movement



Pronation:	When	then	foot	rolls	inwardly	while	walking	or	jogging.
Shin	is	rotated	inward	and	the	leg	moves	leg	toward	midline	of	body.
Many	modern	shoe	models	are	designed	to	prevent	this	motion.

Pronated	gait	corrected	by	shoe:

REVIEW

This seems to be a useful
thing (in terms of injury
risk reduction) to correct
with footwear.

Barefoot	Running	and	the	Minimalist	Movement



If	you	wear	shoes,	specificity	of	adaptation	happens.

REVIEW

The	root/cause/foundation/etc.	of	the	everything:

Barefoot	Running	and	the	Minimalist	Movement



If	you	wear	shoes,	specificity	of	adaptation	happens.

The ankle-foot machinery is comprehensive; per foot, it includes 33 joints,
19 muscles, and 26 bones. When you alter how those joints and muscles
participate in your movement patterns, you change your movement patterns.

The	ankle	is	not	a	normal	hinge	joint,	hinging	at	the	malleoli.

The	ankle	joint	complex (two	joints) is	more	complex.
Two	joints:	Talocrural (superior),	subtalor (inferior).		

REVIEW Barefoot	Running	and	the	Minimalist	Movement



If	you	wear	shoes,	specificity	of	adaptation	happens.

“The talocrural joint is a true hinge joint that allows the motions
of plantar flexion and dorsiflexion.” (Quotation from Denegar’s article.)

The subtalor joint is your gyroscope (coinagebelonging toKatyBowman).
The ability to walk on varied terrain is facilitated by your subtalor joint.

REVIEW Barefoot	Running	and	the	Minimalist	Movement



If	you	wear	shoes,	specificity	of	adaptation	happens.

It’s	not	just	our	shoes;	we	walk	on	flat	stuff	everywhere.		
This	means	the	talocrural joint	is	probably	fine	but	the	subtalor joint	
isn’t	getting	worked.		So	its	function	is	probably	poorer	than	it	could	
(and	should) be.

Our	understanding	of	the	ankle	joint	complex	is	based	on	unchanging,	
unchallenging	terrain.		We	study	the	ankle	as	it	functions	in	this	context	
(mostly	on	treadmills).		

A	healthy	ankle	is	an	ankle	that	is	fit	for	this:

REVIEW Barefoot	Running	and	the	Minimalist	Movement



“As with most arguments, when you examine this one
closely, both sides are right and wrong. Research shows
that minimal shoes are not safe for everyone in every
situation. But research also shows that conventional shoes
wreak their own havoc on the body. The element that
seems to be missing from the argument is that shoes don’t
exist in a vacuum. Shoes and feet are in a relationship with
the user and the environment, which means the physical
outcome of the body that wears the shoes depends on the
state of the wearer’s foot, body alignment, gait patterns,
frequency of movement, and most frequented terrain.
A shoe can’t be a problem or a solution in and of itself.”

Published	April,	2015

REVIEW Barefoot	Running	and	the	Minimalist	Movement



“Over ground walking is flat ground walking. Most
anatomical models of the foot and ankle are based on the
foot and ankle movements demonstrated by chronically
shod flat-walkin’ folks. When we apply these models to
human movement research without qualification, the
therapeutic solutions to many injuries and issues wrought
by the diseases of behavior continue to evade us.”

“What we know about how humans walk is actually based
on how humans walk around in a modern context. If we
don’t acknowledge that our model of normal walking has
nothing to do with nature, our therapeutic options are
vastly limited.”

Chapter	5:	
Transitioning	Well

Subsection:
The	surfaces	you	
walk	upon	

REVIEW Barefoot	Running	and	the	Minimalist	Movement



SUMMARY: There is no such thing as a good shoe or a bad shoe.
There are only appropriate and inappropriate shoes. Shoes create
mechanical environments; they change the loads experienced by
your feet. Depending on the context (and your goals) that may be
good or it may be bad. Discussions of what is “natural” isn’t helpful.
Your feet and the surfaces they walk across aren’t any more natural.

REVIEW Barefoot	Running	and	the	Minimalist	Movement



REVIEW:	biomechanics



Go into outer space and seewhat
happens to your movement.
Contraptions exist to mimic the
mechanics of earth gravity. Force
a la carte isn’t enough. Wolff ’s law.
Those forces have to replicate
earth’s mechanics.

REVIEW:	biomechanics

Simulating	regular	gravity	in	microgravity.

Domains	of	biomechanics.



REVIEW:	biomechanics

Not	on	the	test.		Just	illustrating	other	roles	of	biomechanics.



REVIEW:	biomechanics

Pole-vaulting	poles	must	be	appropriately	flexible	and	appropriately	stiff;	
they	need	to	bend	sufficiently	while	storing	large	amounts	of	elastic	energy.		
Conflicting	requirements	also	apply	to	the	body	that’s	doing	the	vaulting.		
Biomechanical	analyses	can	balance	these	variables	for	optimal	materials,	
techniques,	and	performance.

More	roles	of	a	biomechanist.		Not	on	the	test.



Still	illustrating	roles	of	biomechanics…

REVIEW:	biomechanics



Kyphosis,	

REVIEW:	biomechanics

The	subclavian	artery
and	the	brachial	plexus:

Domains	of	biomechanics.		Might	be	on	the	test.



REVIEW:	biomechanics

Paul	C.	Williams	(1900–1978)

VS.

Robin	McKenzie	(1931–2013)

Biomechanics.		Not	on	the	test.		But	useful	to	know.



Modern	ski	boots	and	bindings.		They	protect	the	ankle	
but	all	mechanical	forces	get	transferred	to	the	knee.		

Three-fold	increase	in	knee	injuries	in	skiing	since	1972.

(With	snowboarding,	injuries	to	the	knees	are	less	likely
among	people	using	less	rigid,	more	pliable	boots.)

REVIEW:	biomechanics

Biomechanics.		Might	be	on	the	test.		Remember:	if	you	cast	
something,	you	alter	both	loading	and	muscle	recruitment	
characteristics.



What	will	happen	if	you	get	a	vertebral	fusion?
Think	about	ski	boots…	it	should	be	obvious.

REVIEW:	biomechanics

Maybe	on	the	test.



What	exercises	fall	in	
one	plane,	two	planes,	
three	planes?

REVIEW:	Planes	of	Motion

There	are	five	(out	of	fifty)	questions	about	this.



REVIEW:	Biomechanist’s Dictionary

Anatomy:	Study	of	components	that	make	up	the	musculoskeletal	“machine.”

Biomechanics:	Mechanisms	(mechanical	laws)	used	by	those	components	to	create	
movement	(in	any	living	thing…	trees,	mice,	people,	whatever).

Statics: Study	of	systems	with	motions	that	are	constant	(no	change	in	velocity).

Dynamics:	Study	of	systems	that	involve	acceleration.

Kinetics:	Causes	of	a	motion;	the	internal	and	external	forces
associated	with	movement.

Kinematics:	The	motions	themselves	(big	picture).
Don’t	consider	what	is	causing	the	motion;	just	look
at	the	patterns	of	a	biological	thing	moving	around.



REVIEW:	Biomechanist’s Dictionary

Torque:	Tendency	for	a	force	to	produce	rotation.

Work:	Force	× Displacement	× Cosine	of	Angle.

Rotational	Work:	Torque	× Angular	Displacement.

Power:	Work	÷ Time.

Mechanical	advantage/disadvantage:	Moment	arm	length.

Variable	Resistance:	Variable	moment	arm	through	ROM.

First	Class	Lever:	Fulcrum	between	force	and	load.

Second	Class	Lever:	Fulcrum,	load,	force.

Third	Class	Lever:	Fulcrum,	force,	load.



Uniaxial:	You’ll	want	to	be	able	to	name	a	body	part	or	two.
Biaxial:	You’ll	want	to	be	able	to	name	a	body	part	or	two.
Multiaxial:	You’ll	want	to	be	able	to	name	a	body	part	or	two.

REVIEW:	Biomechanist’s Dictionary



Work:	Force	× Displacement	× Cosine	of	Angle
Power:	Work	÷ Time

REVIEW:	Biomechanist’s Dictionary



Origin: Proximal	insertion.
Insertion: Distal	insertion.
Agonist: Prime	mover.
Antagonist: Opposite.
Synergist: Indirect	assister	(stabilizer,	etc.).

REVIEW:	Biomechanist’s Dictionary



Fleshy	attachment:	What	is	it	and	what’s	an	example?
Fibrous	attachment:	What	is	it	and	what’s	an	example?
Myotendinous junction:What	is	it	and	what’s	important	about	it?

REVIEW:	Biomechanist’s Dictionary



Myotendinous junction:

The sarcomeres in and around the myotendinous junction
may be shorter and are likely stiffer and less extensible.
With a decreased ability to change length, they’re unable
to take as much deformity. So they tend to absorb more
of the trauma in use-related musculoskeletal injuries.
More commonly the distal junction that experiences that
damage; perhaps some failure of the integrin-fibronectin
interface.

REVIEW:	Biomechanics



Torque:	Tendency	for	a	force	
to	produce	rotation	(rotating	
that	rigid	bar	about	a	fixed	
point).

REVIEW:	Biomechanics:	Torque

Rotational	Work:	
Torque	× Angular	Displacement



What	is	the	purpose	of	levers?
Be	able	to	identify	the	three	
classes	of	levers.

What	kind	of	
lever	
is	this?

REVIEW:	Biomechanics:	Levers



What	kind	of	
lever	
is	this?

What	is	the	purpose	of	le
Be	able	to	identify	the	th
classes	of	levers.

REVIEW:	Biomechanics:	Levers



What	kind	of	
lever	
is	this?

What	is	the	purpose	of	levers?
Be	able	to	identify	the	three	
classes	of	levers.

REVIEW:	Biomechanics:	Levers



Which	kind	of	lever	is	which?		
Mechanical	advantage	or	disadvantage?

REVIEW:	Biomechanics:	Levers



What	is	a
muscle
that	doesn’t
use	a	lever?

What	is	the	purpose	of	levers?
Be	able	to	identify	the	three	
classes	of	levers.

REVIEW:	Biomechanics:	Levers



What	is	a
muscle
that	doesn’t
use	a	lever?

REVIEW:	Biomechanics	in	the	Weight	Room

Longer	moment	arm	(distance	from	the	
fulcrum	to	the	the	load) means	a	heavier	
load.

Variable	resistance:	



How	much	force	is	generated	
inside	of	you	when	you	throw	
a	punch?		How	much	force	
contacts	your	opponent?

Most muscles function at a large
mechanical disadvantage. During
physical activity, the forces being
generated inside of your muscles
are much higher than those being
exerted externally.

REVIEW:	Biomechanics:	Mechanical	Disadvantage



Is	a	cheetah	
going	to	have	
a	big	bench	press?

REVIEW:	Biomechanics



REVIEW:	Location	of	Insertion	and	the	Force-Speed	tradeoff



REVIEW:	What	Class	of	Lever?



A	lever	can	allow	a	given	effort	to	move	a	heavier	load.

If	the	load	is	close	to	the	fulcrum	and	the	effort	is	applied	far	away	from	it,
a	small	effort	exerted	over	a	large	distance	can	move	a	large	load	over	a	
small	distance.		That’s	a	mechanical	advantage.			Example?

REVIEW:	What	Class	of	Lever?



REVIEW:	What	Class	of	Lever?



REVIEW:	What	Class	of	Lever?



REVIEW:	What	Class	of	Lever?



REVIEW:	What	Class	of	Lever?



REVIEW:	What	Class	of	Lever?



REVIEW:	Biomechanical	Factors	in	Human	Strength

Five	(again,	out	of	fifty)	questions	
are	about	levers.



REVIEW:	Biomechanical	Factors	in	Human	Strength

1.	Neural	Recruitment

2.	Muscle	CSA

3.	Arrangement	of	Muscle	Fibers

4.	Muscle	Length

5.	Joint	Angle

6.	Muscle	Contraction	Velocity

7.	Strength-to-Mass	Ratio	

8.	Body	Size

9.	Physiological	Explanations



1.	Neural	recruitment	(What	are	the	variables	here?)

REVIEW:	Biomechanical	Factors	in	Human	Strength



2.	Muscle	CSA

Cross	sectional	area,	not	volume	(which	includes	muscle	length)
determines	strength	from	the	perspective	of	biological	real	estate.

REVIEW:	Biomechanical	Factors	in	Human	Strength



3.	Arrangement	of	muscle	fibers

Lots	of	architectural	styles	of	muscle
(e.g.,	parallel,	circular,	pennate).

Notice	the	weird	angles	of	the	fasicles

There	is	variation	
in	the	arrangement	
and the alignment	
of	sarcomeres	in	
a	muscle	fiber.

REVIEW:	Biomechanical	Factors	in	Human	Strength



4.	Muscle	Length

REVIEW:	Biomechanical	Factors	in	Human	Strength



5.	Joint	angle

REVIEW:	Biomechanical	Factors	in	Human	Strength



5.	Joint	angle:	Notice	the	moment	arm	(joint	axis	to	tendon	attachment)

REVIEW:	Biomechanical	Factors	in	Human	Strength



5.	Joint	angle:	Notice	the	moment	arm	(joint	axis	to	the	load)

Longer	moment	arm	(joint	to	the	load)	
=	less	mechanical	advantage.

REVIEW:	Biomechanical	Factors	in	Human	Strength



6.	Muscle	contraction	velocity

A	fast	movement	corresponds	to
a	low	force	output.

A	slow	movement	has	high	force
output.

This	relationship	is	not	linear.

REVIEW:	Biomechanical	Factors	in	Human	Strength



As	the	load	on	the	muscle	is	increased,	
the	velocity	of	shortening	is	decreased.
But	training	helps…

6.	Muscle	contraction	velocity

REVIEW:	Biomechanical	Factors	in	Human	Strength



7.	Strength-to-mass	ratio

Sprinting	/	jumping:
Ratio	affects	ability	
to	accelerate	body.

Weight	class	sports:
Ratio	helps	determine
relative	success.

REVIEW:	Biomechanical	Factors	in	Human	Strength



8.	Body	size

Mass	reduced,	density	is	the	same.		At	1/10	
your	present	height,	your	muscles	would	be	
1/100	as	strong,	but	you	would	only	weigh	
1/1,000	as	much.	

At	the	size	of	a	nickel,	you	could	jump	out.

Can	leap	200	times	
its	body	length

REVIEW:	Biomechanical	Factors	in	Human	Strength



8.	Body	size

Body	mass	reflects	body	size,	
but	body	mass	increases	more
rapidly	than	does	functional
muscle	mass.

It’s	not	just the	result	of	bones	
and	organs	and	blood	and	carbs	
and	water	and	fat,	etc.

Given	constant	body	proportions,	
a	smaller	athlete	has	a	higher	
strength-to-mass	ratio.

REVIEW:	Biomechanical	Factors	in	Human	Strength



9.	Physiological	explanations	(cross-bridge	cycling,	etc.)

REVIEW:	Biomechanical	Factors	in	Human	Strength



REVIEW:	Compression



REVIEW:	Compression



REVIEW:	Compression



You injure
yourself
somehow

REVIEW:	Injuries



Conscious	altering	of	muscular	recruitment	characteristics	owing	
to	the	pain	associated	with	activation	of	the	affected	tissue.

Unconscious,	reflexive	alteration	in	recruitment,	which	includes	a	
delay	in	activation	of	the	painful	fibers,	reduced	magnitude	of	agonist	
recruitment,	altered	motor	unit	firing	sequences	in	individual,	whole	
muscles,	and	sometimes	different	muscles	being	called	upon	entirely,	
including	simultaneous	contributions	from	different	body	segments.

1:	

2:	

Once	you	have	
experiencedpain…

REVIEW:	Rewiring	After	Injury



Shoulder-specific	reprogramming

In the shoulder too: After the
athlete is injured, kinetics will
change.

REVIEW:	Rewiring	After	Injury



REVIEW:	Rewiring	After	Injury



Not	just	voluntarily:
Even in your muscle spindles.
These are centrally modulated
in the presence of pain.

REVIEW:	Rewiring	After	Injury



Substances	that	are	released	during	central	sensitization	
(e.g.,	substance	P)	can	modify	motor	neuron	excitability.

This	can	alter	muscle	recruitment	patterns.

REVIEW:	Rewiring	After	Injury



Altered	neural	recruitment	changes	gross	kinematics.	

Altered	firing	predisposes	you	to	re-injury.

REVIEW:	Rewiring	After	Injury



These phenomena change the underlying biomechanics of a serve,
a strike, a throw, a swing, a pass, a kick, typically increase the risk of
re-injury, and likely escape detection by the standard return-to-play
testing battery, which evaluates only pain, strength, and range of
motion (and maybe function/coordination, depending on the joint).

REMEMBER

REVIEW:	Rewiring	After	Injury



REVIEW:

PART	TWO



Afferents	fail	to	transmit	nociceptor information.	

Gene	mutations.

Depending	on	the	gene,
a	variety	of	consequences.

Primarily	caused	by	a	mutation	of	the	tropomyosin receptor	kinase	A	(TrkA)	gene,	
which	codes	for	TrkA,	which	mediates	nerve	growth	factor,	which	is	critical	to	the	
formation	of	autonomic	and	sensory	neurons.		Without	it,	there	will	be	an	absence	
of	C	fibers	and	a	reduction	of	Aδ fibers.		Thus	an	inability	to	sense	heat	and	pain.

REVIEW:	Molecular	Mechanisms
of	Nociception



REVIEW:	Molecular	Mechanisms
of	Nociception



REVIEW:	Molecular	Mechanisms
of	Nociception



REVIEW:	Molecular	Mechanisms
of	Nociception



REVIEW:	Molecular	Mechanisms
of	Nociception



REVIEW:	Molecular	Mechanisms
of	Nociception



AMPA	Receptor	permits	the	influx	of	
sodium,	which	depolarizes	the	post-
synaptic	membrane.		

α-amino-3-hydroxy-5	
methylisoxazole-4-
proprionic	acid	
receptors

REVIEW:	Molecular	Mechanisms
of	Nociception



NMDA	Receptor	permits	the	influx	of	
sodium	and calcium;	the	calcium	can	
affect	gene	expression	(and	interact	
with	other	proteins	and	receptors)	
related	to	long-term	changes.

N-methyl-d-aspartate	
receptors

REVIEW:	Molecular	Mechanisms
of	Nociception



You	should	know	
all of	this	by	now.

REVIEW:	Molecular	Mechanisms
of	Nociception



A	nociceptor’s	cell-
surface	receptors:

REVIEW:	Molecular	Mechanisms
of	Nociception



A	nociceptor’s	cell-
surface	receptors:

REVIEW:	Molecular	Mechanisms
of	Nociception



REVIEW:	Molecular	Mechanisms
of	Nociception



REVIEW:	Molecular	Mechanisms
of	Nociception



REVIEW:	Molecular	Mechanisms
of	Nociception



If	you	were	to	touchWill	Ferrell’s	skin,	
it	would	cause	him	pain.

Nociceptor depolarization	thresholds	are	
probably	lowered,	silent	nociceptors may	
have	been	activated,	and	it’s	possible	that	
other	nerves	have	been	rewired,	such	as	
touch-sensitive	fibers	rerouting	synaptic	
connections	in	the	spine	to	areas	that	are
supposed to receive input fromnociceptors.

What	are	all	of	these	changes	called?

REVIEW:	Molecular	Mechanisms
of	Nociception



Hyperalgesia		vs. allodynia

REVIEW:	Molecular	Mechanisms
of	Nociception



Macrotrauma

Microtrauma

Indication

Contraindication

Dislocation

Subluxation

Sprain	vs.	strain

REVIEW:	 Injuries,	Rehabilitation,
and	Reconditioning



Macrotrauma
Overwhelming	force	(more	than	the	tissue	can	tolerate).
Force	vector	and	body	position	determine	which	tissues	
are	involved.

Microtrauma
There	is	a	gradual	accumulation	of	micro-insults.
Anabolism	vs.	catabolism:	Catabolic	signal	predominates.

REVIEW:	 Injuries,	Rehabilitation,
and	Reconditioning



Example	of	how	your	tendon	
tolerates	(or	doesn’t	tolerate)
stress/ load.

Microtrauma …........ Macrotrauma.

REVIEW:	 Injuries,	Rehabilitation,
and	Reconditioning



Macrotrauma: Overwhelming force
(more than the tissue can tolerate).
It’s probably bone, ligament, and/or
muscle-tendon.

You hardly ever injure just one thing;
completely isolated injuries are scarce.
If you injure one thing, chances are
you’ve blown through some other
tissues in the process.

REVIEW:	 Injuries,	Rehabilitation,
and	Reconditioning



Macrotrauma: Overwhelming force
(more than the tissue can tolerate).
It’s probably bone, ligament, and/or
muscle-tendon.

Directionality and the magnitude of
the force determine which tissue it is
that gets injured and how much tissue
the injury blows through.

REVIEW:	 Injuries,	Rehabilitation,
and	Reconditioning



Macrotrauma: Overwhelming force
(more than the tissue can tolerate).
It’s probably bone, ligament, and/or
muscle-tendon.

Body position during the trauma also
matters. Depending on position, some
tissues will be in states of flexion and
others will be relaxed. The loose
tissues are probably fine; the taut
tissues probably popped.

REVIEW:	 Injuries,	Rehabilitation,
and	Reconditioning



•	Acute

•	Subacute

•	Chronic	

•	Acute

REVIEW:	 Injuries,	Rehabilitation,
and	Reconditioning

on chronic	

Classifying
Injuries



STEP	ONE:	You	get	injured

REVIEW:	 Cellular	Stages	of	Healing



Blood	vessels	and	
lymphatic	vessels	
are	disrupted.

STEP	ONE:	You	get	injured

REVIEW:	 Cellular	Stages	of	Healing



STEP	TWO:	Plug	up	the	wound

REVIEW:	 Cellular	Stages	of	Healing



On the surface:

A weak fibrin-fibronectin mesh.
Fibrin is	a	fibrous	protein	involved	in	blood	clots.

Fibronectin is	a	glycoprotein	that	binds	to	stuff.

Within the tissue

REVIEW:	 Cellular	Stages	of	Healing



A weak fibrin-fibronectin mesh.
Fibrin is	a	fibrous	protein	involved	in	blood	clots.

Fibronectin is	a	glycoprotein	that	binds	to	stuff.

REVIEW:	 Cellular	Stages	of	Healing



In	the	blood	and	lymph:

• Fibrinogen
• Fibronectin
• Prothrombin

REVIEW:	 Cellular	Stages	of	Healing



Whenever	there’s	bleeding,	platelets	
(a.k.a.	“thrombocytes”)	show	up.

Platelets	produce	more thrombin.		

So	now	you	have	more	thrombin	converting
fibrinogen	into	fibrin.		No	shortage	of	fibrin
at	the	site	of	injury.

REVIEW:	 Cellular	Stages	of	Healing



REVIEW:	 Cellular	Stages	of	Healing



Insoluble fibronectin	is	already	
hanging	out	in	the	extracellular	
matrix.		

Soluble fibronectin	is	a	major	
component	of	blood	plasma.

There’s a hemorrhage into the tissue.
The extravasated fibronectin cross-
links to fibrin, collagen, and other
ECM stuff.

REVIEW:	 Cellular	Stages	of	Healing



Insoluble fibronectin	is	already	
hanging	out	in	the	extracellular	
matrix.		

Soluble fibronectin	is	a	major	
component	of	blood	plasma.

This cross-linking provides
a provisional mechanical
stabilization of the wound.

REVIEW:	 Cellular	Stages	of	Healing



REVIEW:	 Cellular	Stages	of	Healing

vWF:Blood glycoprotein (not an enzyme)
that binds to other proteins. Platelets are
among the proteins it binds to; that’s how
they adhere to a wound site. If you have
a vWF deficiency or dysfunction (i.e., von
Willebrand disease), you’ll probably have
a pretty bleedy constitution. Internally:
gastrointestinal bleeding. Externally, a
bunch of nose bleeds.

What	is	von	Willebrand factor	(vWF)?



The	platelets	adhere	to	exposed	ECM
via	von	Willebrand factor	(vWF) and	
are	activated.

When	activated,	platelets	change
shape	and	begin	degranulating.
They come from granulocytes and
thus have preformed granules, so
they secrete stuff like growth
factors, cytokines, bradykinins,
serotonin, histamine, TNF-alpha,
etc.

The	matrix	itself	becomes	a	hub	for	chemotactic	signaling.

REVIEW:	 Cellular	Stages	of	Healing



The	platelets	adhere	to	exposed	ECM
via	von	Willebrand factor	(vWF)	and	
are	activated.

When	activated,	they	change	their	
shape	and	they	begin	degranulating.

The	matrix	itself	becomes	a	hub	for	chemotactic	signaling.

REVIEW:	 Cellular	Stages	of	Healing



What	are	these?

Pretend	this	man	is	a	platelet

What	is	Mr.	Platelet	doing?

REVIEW:	 Cellular	Stages	of	Healing



Some macrophages will also
(already) be in the area
(“residentmacrophages”).

What is their first duty after
you sustain an injury?

REVIEW:	 Cellular	Stages	of	Healing



They put out chemotactic
signals too, helping to recruit a
neutrophil army (and more
macrophages).

REVIEW:	 Cellular	Stages	of	Healing

Some macrophages will also
(already) be in the area
(“residentmacrophages”).



How	do	ions	move	in	the	body?

Concentration	(or	“electrochemical”)	gradients.

How	do	gases	move	in	the	body?

Pressure	gradients.

How	do	neutrophils	migrate	through	the	body?

How do the migrating cells do their migrating?

REVIEW:	 Cellular	Stages	of	Healing



Chemotaxis	helps	
direct	a	bunch	of			
cells	to	the	site	of	
the	injury.

How	do	ions	move	in	the	body?

Concentration	(or	“electrochemical”)	
gradients.

How	do	gases	move	in	the	body?

Pressure	gradients.

How	do	incoming	immune	cells	
migrate	through	the	body?

Chemical	gradients.		

The	migration	is	chemotaxis.							
To	“ ”	is	to	direct	them	
based	on	chemicals	– attractants	
and	repellents.

chemotax

REVIEW:	 Cellular	Stages	of	Healing



What	causes	this?
And	why	is	it	helpful?

Name	6	things	that	can	
make	vessels	leaky.

REVIEW:	 Cellular	Stages	of	Healing



Stuff that can induce vascular permeability:
vascular endothelial growth factor (produced by
numerous cell types, including platelets and
macrophages; generally upregulated in response to
hypoxia), prostaglandins (E2, but D2 can reduce
permeability; from arachidonic acid), complement
proteins (mostly synthesized by hepatocytes, but also
by endothelial, epithelial, and immune cells),
histamine (mostly mast cells and basophils),
bradykinin (kallikrein is an enzyme in plasma and
tissue that converts kininogens to bradykinin),
thrombin (made from prothrombin, which is
produced in the liver), platelet activating factor (once
endothelial cells are activated by histamine or
thrombin, they express it; but it’s also synthesized by
platelets, neutrophils, and macrophages), serotonin
(released by platelets, neurons, and enterochromaffin
cells in the lumen of the digestive tract), nitric oxide
(made from the enzyme endothelial nitric oxide
synthase, stimulated in part by platelets and
cytokines), reactive oxygen species (superoxide,
hydrogen peroxide), tumor necrosis factor (largely
from macrophages, but neutrophils and mast cells are
among the contributors), and vasodilation itself…

REVIEW:	 Cellular	Stages	of	Healing



Leakiness	partly	caused	by:

These make it easier for your
phagocytic cells to dine on stuff.

Complement	proteins.

Your complement system is part of
the innate immune system, which
means that it doesn’t change over
the course of your lifetime.

Complement proteins complement
your phagocytic cells, which helps
them to clear pathogens.

REVIEW:	 Cellular	Stages	of	Healing

> 30 different proteins and protein fragments, which circulate around until activated;
then they attract macrophages and neutrophils, rupture membranes of foreign cells,
and make all the stuff phagocytes will be eating more easily eaten.



Leakiness	partly	caused	by:
The	kinin system

Mostly just bradykinin and kallidin (which is just bradykinin with a lysine connected to it.)
Kinin system is initiated by Hageman factor activation (which also initiates the fibrinolytic
clotting system and complement proteins). Kinins are mediator molecules that induce
vasodilation and vascular permeability and stimulate local cells to generate cytokines,
_ nitric oxide, and tachykinins (e.g., substance P).

REVIEW:	 Cellular	Stages	of	Healing



Mostly just bradykinin and kallidin (which is just bradykinin with a lysine connected to it.)
Kinin system is initiated by Hageman factor activation (which also initiates the fibrinolytic
clotting system and complement proteins). Kinins are mediator molecules that induce
vasodilation and vascular permeability and stimulate local cells to generate cytokines,
_ nitric oxide, and tachykinins (e.g., substance P).

Leakiness	partly	caused	by:
The	kinin system

REVIEW:	 Cellular	Stages	of	Healing

Kinins are	amplifiers	of	the
inflammatory	
response.
They	stimulate
the	local	tissues
and	inflammatory	
cells	to	generate	
additional	mediators.



Leakiness	partly	caused	by:
Platelet-activating	factor

When	there’s	a	stimulus	(e.g.,	injury),	
platelet-activating	factor	gets	produced	
by	lots	of	stuff	(e.g.,	endothelial	cells,	
platelets,	neutrophils,	macrophages).

It	causes	the	aggregation	of	platelets
and	their	degranulation	as	well	as	
leukocyte	chemotaxis	and	increases	
to	vascular	permeability.

REVIEW:	 Cellular	Stages	of	Healing



Leakiness	partly	caused	by:
Serotonin

Serotonin	is	one of	the	things	that	gets	
released	by	the	platelets.

REVIEW:	 Cellular	Stages	of	Healing



Leakiness	partly	caused	by:
Nitric	oxide

Powerful	vasodilator	generated	by	phagocytes
(i.e.,	monocytes,	macrophages,	and	neutrophils).		
These	cells	have	nitric	oxide	synthase	which	can	
be	activated	by	interferon-gamma	or	TNF-alpha.

REVIEW:	 Cellular	Stages	of	Healing



Leakiness	partly	caused	by:
Prostaglandins

Lipid	compounds	derived	from	arachidonic	
acid	that	are	produced	by	almost	all	
nucleated	cells	and	are	resident	
in	most	tissues.		They	function	
as	messengers	that	signal	tons	
of	functions;	one	function	is	to
sensitize	nerves	to	pain.	

REVIEW:	 Cellular	Stages	of	Healing



Leakiness	partly	caused	by:
Prostaglandins

AA can be liberated by mechanical injury
and by the stretching of cell membranes.
Liberation by PLA2 is where most of your
prostaglandins will come from, but you
can also get some from diglycerides by
the enzyme diacylglycerol lipase (nobody
cares about this though).

REVIEW:	 Cellular	Stages	of	Healing



Leakiness	partly	caused	by:
Prostaglandins

If COX is blocked, you’ll increase activity
of lipoxygenase and wind up with more
leukotrienes. These serve important
chemotactic effects and are associated
with the inflammation in asthma.

REVIEW:	 Cellular	Stages	of	Healing



REVIEW:	 Cellular	Stages	of	Healing



These	cells	(and	other	stuff)	also	interact	with	each	other.

Example: Mast cells can degranulate (releasing
granules of histamine) in response to physical
injury or substance P or complement proteins
ormacrophage factors (released by
macrophages). Histamine causes
further vasodilation and even
more leakiness.

REVIEW:	 Cellular	Stages	of	Healing



These	cells	(and	other	stuff)	also	interact	with	each	other.

REVIEW:	 Cellular	Stages	of	Healing



These	cells	(and	other	stuff)	also	interact	with	each	other.

REVIEW:	 Cellular	Stages	of	Healing

Plenty of stuff 
(extracellular 
ligands binding 
to their receptors 
on the cell surface) 
can cause the mast 
cells to degranulate. 

Just	know	damage,	substance	P,	complement	proteins,	and	marophages.



You’re	stung	by	a	bee…

REVIEW:	 Cellular	Stages	of	Healing

You take some Benadryl, the brand name
of diphenhydramine (an antihistamine).

Why?



You’re	stung	by	a	bee…

REVIEW:	 Cellular	Stages	of	Healing



Why	is	this	stuff		swollen?

REVIEW:	 Cellular	Stages	of	Healing

And	what	explains	the	redness,	pain,	and	heat?



What’s	the	first	white	blood	cell	to	arrive	in	the	area?
Now	it’s	all	leaky	and	dilated;	lots	of	cells	are	going	to	the	site	of	injury.

REVIEW:	 Cellular	Stages	of	Healing



How	do	neutrophils	
do	their	janitoring?

REVIEW:	 Cellular	Stages	of	Healing



Neutrophils: The first immune cells to show up.
They’re bactericidal agents; they go in and squirt
superoxide and hydrogen peroxide around, killing,
everything.

And	they	secrete	proteases (enzymes	that	perform	
proteolysis).		They	only	live	for	a	couple	days.

REVIEW:	 Cellular	Stages	of	Healing



Neutrophils: The first immune cells to show up.
They’re bactericidal agents; they go in and squirt
superoxide and hydrogen peroxide around, killing,
everything.

REVIEW:	 Cellular	Stages	of	Healing



Macrophages: Phage is a digestive term; they arrive
after the neutrophils and engulf (and digest) the dead
cells (e.g., neutrophils), pathogens, and cellular debris
(phagocytosis).

In	exercise-induced	stress,	macrophages	can	lysis	
muscle	membranes,	enter	the	cell,	and	degrade	
the	innards	of	damaged	fibers.

REVIEW:	 Cellular	Stages	of	Healing



Macrophages: Phage is a digestive term; they arrive
after the neutrophils and engulf (and digest) the dead
cells (e.g., neutrophils), pathogens, and cellular debris
(phagocytosis).

REVIEW:	 Cellular	Stages	of	Healing



Macrophages: Phage is a digestive term; they arrive
after the neutrophils and engulf (and digest) the dead
cells (e.g., neutrophils), pathogens, and cellular debris
(phagocytosis).

A few days out from the initial injury,
when the macrophages have their
custodial duties under control, they
secrete some growth factors, which help
initiate the proliferation phase.

REVIEW:	 Cellular	Stages	of	Healing



Proliferation phase	=	growth	of	new	tissue.		Angiogenesis	(new	blood	vessels),	
some	collagen	starts	being	deposited, wound	contraction	begins	to	occur.	

REVIEW:	 Cellular	Stages	of	Healing



Proliferation phase	=	growth	of	new	tissue.		Angiogenesis	(new	blood	vessels),	
some	collagen	starts	being	deposited, wound	contraction	begins	to	occur.	

REVIEW:	 Cellular	Stages	of	Healing

Who	is	this	and	what’s	the	analogy?



Fibroblasts	are	what	do	your	remodeling;	they’re	cells	that
synthesize	stuff	(stuff	=	collagen	and	fibronectin,	i.e.,	ECM).

REVIEW:	 Cellular	Stages	of	Healing



Fibroblasts	are	what	do	your	remodeling;	they’re	cells	that
synthesize	stuff	(stuff	=	collagen	and	fibronectin,	i.e.,	ECM).

Osteoblasts	are	fibroblasts.		Myoblasts,	
osteoblasts,	fibroblasts,		anything-blasts;	
they	all	do	the	same	stuff.

Progenitor	cells:	A	little	bit	
less	freedom	than	stem	cells,	
but	they	can	still	differentiate	
into	the	wrong	stuff.

REVIEW:	 Cellular	Stages	of	Healing



Fibroblasts	are	what	do	your	remodeling;	they’re	cells	that
synthesize	stuff	(stuff	=	collagen	and	fibronectin,	i.e.,	ECM).

REVIEW:	 Cellular	Stages	of	Healing



Transcription	factors	do	the	determining.		
But	we	can	influence	those	factors…

REVIEW:	 Cellular	Stages	of	Healing



Fibroblasts	are	what	do	your	remodeling;	they’re	cells	that
synthesize	stuff	(stuff	=	collagen	and	fibronectin,	i.e.,	ECM).

Fibroblasts adhere to fibrin, but require the
presence of fibronectin to do so. The cross-
linked provisional matrix is the perfect hub
for fibroblasts to adhere and get to work
(produce collagen).

REVIEW:	 Cellular	Stages	of	Healing



Fibroblasts	are	what	do	your	remodeling;	they’re	cells	that
synthesize	stuff	(stuff	=	collagen	and	fibronectin,	i.e.,	ECM).

When	fibroblasts	arrive	(after	a	few	days,	up	
to	five),	they	attach	to	the	provisional	matrix	
(fibrin).		They	continue	to	build	in	numbers;	
within	a	week	of	the	initial	injury,	they’re	
the	most	common	cell	in	the	area.

REVIEW:	 Cellular	Stages	of	Healing

Collagen	is	the	most	abundant	protein	in	your	body.
Your	bones,	muscles,	ligaments,	tendons,	teeth,	lips,
whatever.		At	least	a	quarter	of	your	protein.



When fibroblasts arrive at the wound,
as fibrin is being removed, a better
matrix is being formed (better than
the clot site) by proteoglycans,
glycoproteins, and type III collagen.

When	fibroblasts	arrive	(after	a	few	days,	up	to	five),
they	attach	to	the	provisional	matrix	(fibrin).

REVIEW:	 Cellular	Stages	of	Healing



When fibroblasts arrive at the wound,
as fibrin is being removed, a better
matrix is being formed (better than
the clot site) by proteoglycans,
glycoproteins, and type III collagen.

Fibroblasts	need	appropriate	architecture	to	do	their	job;	
this	temporary	scaffolding	enables	good	cellular	adhesion.

REVIEW:	 Cellular	Stages	of	Healing



Collagen	III Collagen	I
Most	of	the	collagen	in	your	bodyNecessary	stage	of	tissue	healing;

broken	down	with	collagenases

REVIEW:	 Cellular	Stages	of	Healing



REVIEW:	 Cellular	Stages	of	Healing



REVIEW:	 Cellular	Stages	of	Healing



The key for fast, quality healing is
a robust but brief inflammatory
reaction. Clean the house quickly,
then get the builders in.

Leaving inflammation in a tissue
forever impairs the action of the
fibroblasts. The timeframe should
look something like this:

REVIEW:	 Cellular	Stages	of	Healing



Healing	can	be	likened	to	a	kitchen	fire

REVIEW:	 Cellular	Stages	of	Healing



REVIEW:	 Cellular	Stages	of	Healing



Exercise	stress	and	injury	stress	result	in	the	same	stuff,	
the	only	difference	is	scale.		Getting	hit	in	the	hip	with	a	rock	
and	performing	twelve	sets	of	pelvic	Alfredsons produce	the	
same	initial series	of	responses	(at	the	cellular	level).		The	
more	damage,	the	more	robust	the	response.		

REVIEW:	 Cellular	Stages	of	Healing



Good = Brief, robust inflammatory response, then a robust fibroblast
presence with proper mechanical signaling so that the collagen aligns properly.

Bad = Inflammation hanging around too long, impairing the arrival and action
of the fibroblasts.

Good and bad healing environments:

REVIEW:	 Cellular	Stages	of	Healing



Cells. They do the work.

Blood. It brings the cells to the site of tissue damage.

Tissue articulation. The tissues have to be touching.

The stuff you need in order to heal:

Once you’ve gotten all the cells there, they need to adhere
to the wound (to the provisional matrix) in order to do
their remodeling. Then you need mechanical stress.

REVIEW:	 Cellular	Stages	of	Healing



REVIEW:	Questions

Just	to	quiz	yourself…
I’m	not	saying	any	of	this	
will	or	won’t	be	on	the	exam.



What’s	the	first	immune	cell	to	show	up?
What	comes	next?
What	are	their	jobs?
How	and	when	do	fibroblasts	come?
What	are	fibroblasts?
Where	do	they	attach?
What	do	they	do?

? ?

REVIEW:	Questions



REVIEW:	

What	causes	compressive	forces	on	the	lumbar	spine?		Why	are	
the	erector	spinae	important	in	squatting?

Talk	about	intraabdominal	pressure…	Valsalva	maneuver?

Talk	about	lumbar	vs.	thoracic	compressive	forces.		How	do			
the different lifting/carrying postures affect compression?

Questions



What	is	the	effect	of	pain,	temperature,	illness	on	voluntary	force	output?

What	about	the	rate of	achievement	of	maximal	voluntary	contraction?

What’s	nerve	conduction	velocity?		What	is	a	variable	that	slows	it	down?

Which	nerve	fibers	have	the	fastest	conduction	velocity?		Do	they	ordinarily	
transmit	messages	of	pain?

Which	nerve	fibers	are	the	slowest?		What	accounts	for	the	speed	difference?

REVIEW:	Questions



Conscious	altering	of	muscular	recruitment	characteristics	owing	
to	the	pain	associated	with	activation	of	the	affected	tissue.

Unconscious,	reflexive	alteration	in	recruitment,	which	includes	a	
delay	in	activation	of	the	painful	fibers,	reduced	magnitude	of	agonist	
recruitment,	altered	motor	unit	firing	sequences	in	individual,	whole	
muscles,	and	sometimes	different	muscles	being	called	upon	entirely,	
including	simultaneous	contributions	from	different	body	segments.

1:	

2:	

What	did	these	guys	find:

REVIEW:	Questions



How	do	we	know	this?

Surface	EMG.		

Is	your	back	injured	or	healthy?

The	firing	patterns	of	injured	muscle	produce	weird	EMG	
signals.		Some	of	it	is	bilateral,	some	of	it	is	contribution	
from	other	body	segments.

REVIEW:	Questions



Think	about	Aα	and	Aβ	fibers.			You	injure	your	
hand	in	a	game	of	ping	pong	(your	opponent	loses,	gets	angry	and	throws	his	
paddle	at	you;	it	hits	you	on	the	wrist).		You	begin	to	either	shake	or	rub	that	
wrist.		Why?		
What’s	the
point	of	
rubbing
it?	

REVIEW:	Questions

What	about	Icy	Hot	and	acupuncture?
What’s	a	context	in	which	those	could	
be	effective?		And	what	would	explain	
their	effects?



What’s	the	difference	between	peripheral and	central plasticity	
of	the	neuronal	system?

What’s	the	difference	between	allodynia and	hyperalgesia?

Which	fibers	are	your	“first	responders”	for	pain;	
when	they	depolarize,	you	feel	acute,	sharp	pain.

Which	fibers	produce	dull,	diffuse,	delayed	pain?

In	consideration	of	these	nerve	differences,	
why	would	you	pinch	your	
face’s	bits	to	relieve	a	
headache?

REVIEW:	Questions



Vs.

What	are	“silent”	or	
“sleeping”	nociceptors?		

What	else	(other	than	mechanical	stress	and	heat)	
do	Aδ fibers and	C	fibers	respond	to?

REVIEW:	Questions



What	is	the	purpose	
of	pain?

What	are	a	few	things	
that	can	sensitize	or	
excite	a	nociceptor?

Where	does	the	signal	go?

Explain	the	relationship	
with	ATP.

What	is	neurogenic	
inflammation?

What	does	Benadryl	block?

REVIEW:	Questions



During	tissue	damage,	a	lot	of	
stuff	gets	released.

Stuff: protein	kinases,	potassium,	
substance	p,	ATP,	hydrogen	ions,	
plasma	globulins	(converted	to	
bradykinin),	arachidonic acid	
(converted	to	prostaglandin),	
histamine,	nerve	growth	factor,	
calcitonin	gene-related	peptide,	
serotonin,	acetylcholine,	etc.

Why	does	this	stuff	matter?

What	does	”sensitizing”	a	nerve	
mean	(“peripheral	sensitization”)?

REVIEW:	Questions



Under	excessive	inflammatory	
conditions	or	repeated	injury,	
chemical	receptors	can	be	made	
more	sensitive	and	can	increase	
in	number.		What	consequence	
would	this	have?

Talk	about	ATP	and	its	role	in	
nociception.

“Neurogenic	inflammation”…?

What’s	the	role	of	“Substance	P”?

How	does	a	nerve	depolarize?

Where does “central sensitization”	
occur?

REVIEW:	Questions



How	do	inflammation,	substance	P,	
prolonged	nociceptor activation	(etc.)	
result	in	motor	control	changes?

What	kinds	of	changes?		And	how	do	
we	measure/discover	those	changes?

What	is	the	physical-therapy-related	
consequence of alteredmotor activity?		

REVIEW:	Questions



How	do	Aleve,	Advil,	and	Aspirin	reduce	pain?	

This	is	a	nerve.		Look	at	the	
far	right.		What	is	going	to	
make	this	nerve	depolarize?

REVIEW:	Questions



How	does	a	cortisone	injection	
relieve	pain?	

This	is	a	nerve.		Look	at	the	
far	right.		What	is	going	to	
make	this	nerve	depolarize?

REVIEW:	Questions



What	else	(other	than	mechanical	stress	and	heat)	
do	Aδ fibers and	C	fibers	respond	to?

What	are	“silent”	or	“sleeping”	nociceptors?		

What’s	the	difference	between	peripheral and	central plasticity	
of	the	neuronal	system?

What’s	the	difference	between	allodynia and	hyperalgesia?

REVIEW:	Questions



?
REVIEW:	Questions



Know	the	Clinical	Signs:

1.	Redness:What’s	causing	this?
2.	Pain:What’s	causing	this?	
3.	Heat:What’s	causing	this?
4.	Swelling:What’s	causing	this?

Remember:	May	also	find	a	loss	of	function.	

REVIEW:	Questions



Why	are	we	looking	at	pictures	of	5	different	amounts	of	hamstring	damage?

Is	inflammation	bad?		
What’s	a	good	environment	and	what’s	a	bad	one?
What	do	you	need	in	order	to	heal?

REVIEW:	Questions



What	happens	after	 the	 injury,	
when the athlete returns to play?
(Talk	about	internal	forces	– kinetics)

REVIEW:	Questions



The	underlying	biomechanics	of	a	serve,	a	strike,	a	throw,	a	swing,	
a	pass,	a	kick	are	changed	in	the	presence	of	(or	following	the	
presence	of)	pain.		Is	this	detected	in	return-to-play	tests?

What is being evaluated in a normal testing batter? What’s missing?

REVIEW:	Questions



REVIEW

PART	THREE
Stuff	to	remain	somewhat	familiar	with	from	Block	One.		The	exam	won’t	
demand	much	of	you	from	the	following	slides;	just	a	couple	of	questions.



What	to	Remember	from	Block	1

Homeostasis	and
negative	feedback	
loops:



What	to	Remember	from	Block	1



What	to	Remember	from	Block	1



What	to	Remember	from	Block	1



What	are	these	letters?

M							Z							M							Z							M						 Z							M							Z

Know	sarcomerogenesis
Know	sarcomerolysis

What	to	Remember	from	Block	1



What	to	Remember	from	Block	1



What	to	Remember	from	Block	1



What	to	Remember	from	Block	1



Weak	bond	=	?

Strong	bond	=	?

ATP	hydrolysis	=	?

What	to	Remember	from	Block	1



What	to	Remember	from	Block	1



What	to	Remember	from	Block	1



All-or-none	principle	and	rate	coding…

What	to	Remember	from	Block	1



What	to	Remember	from	Block	1

Primary	motor	cortex.		
Alpha	motor	nerves.		
Voluntary	contraction.		
Extrafusal	fibers.



What	to	Remember	from	Block	1

Muscle	spindles.
Sense	stretch.
Gamma	motor	nerves.		
Involuntary	contraction.		
Intrafusal	fibers.



What	to	Remember	from	Block	1

Golgi	tendon	organ.
Senses	load/tension.
Hyperpolarizes	alpha	
motor	nerves	with	
glycine.
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Remember	how	
acetylcholine	works	
and	what	inhibits	it.
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DICR	vs.	CICR?
And	how	is	Calcium	put	away?
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The	primary	determinant	is…
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I è Ic è IIc è IIac è IIa è IIax è IIx



I è Ic è IIc è IIac è IIa è IIax è IIx
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Myosin	heavy	chain:	
Head	and	tail	of	myosin.

Myosin	light	chain:	
Two	per	head,		they
bind	heavy	chains	
in	neck	to	the	tail.
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Other	stuff	affects	the	velocity	of	muscle	shortening	as	well:

• Alpha	motor	nerve	innervation

• Myosin	regulatory	light	chain	isoform

• Myosin	ATPase	activity

• Sarcoplasmic	reticulum	concentration	and	enzymes																	
for	calcium	release	and	reuptake

What	to	Remember	from	Block	1



I è Ic è IIc è IIac è IIa è IIax è IIx

è
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Fiber	type	switching:
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What	stuff	does	
the	opposite	of	
Post-Activation	

Potentiation?		
And	how?
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What	stuff	does	
the	opposite	of	
Post-Activation	

Potentiation?		
And	how?
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What	accounts	for	the	initial	
improvements	experienced
in	strength	training?

Lots	of	stuff:
Neurotransmitters	
(e.g.,	GABA),	agonist-
antagonist	recruitment
activity,	withdrawal	of
inhibition	by	GTO,	rate	coding,	
changes	to	motor	cortex	and
descending	neural	tracts,	better	
motor	end	plate	connections,	etc.
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What	accounts	for	the	initial	improvements	to	strength	
training?

GABA:	primary	inhibitory	neurotransmitter	in	
the	CNS	(in	the	mature	brain;	plays	excitatory	
roles	in	development).			Made	from	glutamate	
(primary	excitatory	neurotransmitter	in	CNS).		
GABA	permits	chloride	(negative) to	enter	the	
nerve	or	potassium	(positive) to	exit,	which	
hyperpolarizes	that	nerve.
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What	accounts	for	the	initial	
improvements	experienced
in	strength	training?
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Habituation	vs.	Sensitization:
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Accommodation:
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Adaptation:
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Acclimation	vs.	Acclimatization:
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Adaptation	is	an	attempt	to	improve	fitness:



We consider the first stage to be the expression of
a general alarm of the organism when suddenly
confronted with a critical situation, and therefore
term it “general alarm reaction.”

“ ”
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Hans	Selye:



General Adaptation	Syndrome:	
Generalized	responses	to	stresses
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Hans	Selye:



Adolph	EF.	(1956).	General	and	specific	
characteristics	of	physiological	adaptations.	
American	Journal	of	Physiology,	184(1):	18-28.
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Edward	Adolph:
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Specificity	of	adaptation	is	specific	to	the	profile	of	the	stressor:



Perhaps	diet	contributes.		Perhaps	swimming	in
shallow	tanks	contributes,	as	orcas	don’t	experience
the	high	static	fluid	pressure	or	simulated	microgravity
found	at	depth.	Most	importantly,	the	tissues	experience	
repeated	exposure	to	a	unique	mechanical	stress:	tons	
of	swimming	in	a	counter-clockwise	circle.

What	to	Remember	from	Block	1
Specificity	of	mechanotransduction:



Your	physical	form	becomes	the	embodiment	of	what	it	endures.
Keep	moving:	body	attempts	to	retain	the	ability	of	movement.		
Stop	moving:	future	moving	privileges	are	(slowly)	revoked.
Weirdmoving:	the	cause	of	most	musculoskeletal	pathology.
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Specificity	of	Adaptation	&	Specificity	of	Degeneration



“The pattern of disease or injury that affects any group
of people is never a matter of chance. It is invariably the
expression of stresses and strains to which they were
exposed, a response to everything in their environment
and behavior.”

In	other	words:
Your	physiology	isn’t	often	naughty,	
issuing	illness	through	misbehavior.
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Bodily	problems	are	seldom	the	result	of	“physiology	gone	wild”
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Study	hard.		
Get	lots	of	sleep.
Perform	well.

GOOD	LUCK!


