
REVIEW
FOR	EXAM	1



Helpful	information	that	I	won’t	ask	about.		Helpful	for	exam	prep	though:

Active	practice.		Think	specificity	of	adaptation.
What	makes	you	do	better	on	exams?		Recalling	things.		
Reading	notes	isn’t	effective	test	preparation	unless	the	
tests	insists	that	you	read	notes.

Spaced	vs.	massed	practice. Cramming	=	less	helpful.

Mixed	practice. Don’t	train/study	one	thing	at	a	time.

Sleep. Do	it.		Studying	without	sleeping	is	nearly	pointless.

Effort. The	harder	it	is,	the	better	you	remember	it.

*	Remember	the	Dunning-Kruger	effect:	Appraise	your	effort,	
knowledge,	and	capacities	objectively.



What’s	the	difference	between
a	license	and	a	certification?



What’s	the	difference	between
a	license	and	a	certification?

Licensure	vs.	Certification
A	statement	or	declaration	that	one	has	
completed	a	course	of	study,	passed	an	
examination,	or	met	some	other	criteria	
(somehow)	for	“certification”.

It	is	not	permission	to	act,	but	a	statement	
of	qualification	(or	at	least	completion	of	a	
“qualifying”	challenge).

It	does	not	involve	state	or	federal	agencies	
(which	is	what	a	license	does);	a	certification			
is	a	privatematter.



What	are	the	CVD	risk	factors?



The	PAR-Q	
is	necessary
but	insufficient.







The	rest	of	that	stuff	is	in	Lecture	1



What	are	these	things?

Organ	Systems Homeostasis

Control	loops Individuation

Positive	Injury	Principle Accommodation	vs.	Adaptation

Specificity	of	Adaptation Overload/Adaptation	Principle

Steady-State	Exercise FITT

Periodization Absolute	vs.	Relative	Intensity

Dose-Response	Curve Trainability	Principle

Recovery	Optimization Size	Principle



Fundamentals	of	Exercise	Physiology:

Control	loops:

Negative Positive



Fundamentals	of	Exercise	Physiology:

Recovery	Optimization:

• Uncontrollable	factors	such	as	genetics,	sex	or	age
• FITT	characteristics
• Conditioning	level	of	the	subject	
• Environment	(e.g.,	temperature,	elevation)
• Amount	of	sleep
• Nutritional	status
• Hydration
• Medications



Fundamentals	of	Exercise	Physiology:

Macrocycle. Annual	plan.		Incorporates	in-season	
maintenance	and	off-season	progress	toward	goals.		
Phases:	preparation,	competition,	and	transition.

Mesocycle.		About	2–6	weeks,	during	which	the	program	
emphasizes	a	particular	goal.

Microcycle.		A	week’s	training	program	(heavy	days,	
light days, different	body	parts,	etc.).

Linear	Periodization.		A	similar	training	intensity	and	
volume	(to	achieve	a	core	goal)	is	used	during	a	microcycle
and	generally	throughout	a	mesocycle.

Nonlinear	(or	“Undulating”)	Periodization. Focuses	on	
more	than	one	goal	during	micro	and	mesocycles.		
Characteristics	of	FITT	change	more	frequently	to	vary	
muscle	stimuli.



Fundamentals	of	Exercise	Physiology:

Individuation:		

A	body	is	not	a	body:	there	are	important	differences	between	
men	and	women,	children	and	adults,	the	injured	and	healthy,	
the	athletic	and	the	sedentary.		What	are	some	differences?



Fundamentals	of	Exercise	Physiology:

Overreaching	vs.	Overtraining:

What’s	the	difference?



Fundamentals	of	Exercise	Physiology:

The	Positive	Injury	Principle	

Exercise	is	good	for	you	because	it’s	bad	for	you.



Fundamentals	of	Exercise	Physiology:

Trainability	Principle:

In	general,	an	untrained	person,	
system,	or	muscle	will	respond	to	
a	training	regimen	with	rapid	
improvement.



The	rest	of	that	stuff	is	in	lecture	2.



Macrostructure:	

You	have	a	bunch	of	skeletal	muscles	
(>430	according	to	the	book;	probably	~640)



Basic	purpose	of	skeletal	muscles:
Move	your	bones	around.

Macrostructure:	



“Animal	experiments	indicate	that	the
chemopreventive effect	is	highest
when	broccoli	is	consumed	prior

to	the	exposure	of	carcinogens.”

Macrostructure:	



By	looking	at	

Macrostructure:	

a	diagram,	
how	can	you	tell	

what	their	function	is?



Macrostructure:	

SHAPE
Longer	muscle
ñ Amount	of	shortening
ñ Speed	of	shortening

Thicker	muscle
ñ Force	development



• Epimysium (outer	layer,	surrounding	whole	muscle)

• Perimysium (surrounding	each	fasciculus,	i.e.,	group	of	fibers)

• Endomysium (surrounding	individual	fibers)

Macrostructure:	



Macro	and	micro	structures:	



Macro	and	micro	structures:	



1. Muscle
2. Fascicles	(bundles)
3. Muscle	Fiber	(cell)
4. Myofibril
5. Sarcomere
6. Myofilaments

1. Actin
2. Myosin

Macro	and	micro	structures:	



Structural
Hierarchy

fibers	in
various
muscles

Number	of



fibers	in
various
muscles

Number	of

You	probably	have	– roughly	– the	
same	number	of	fibers	throughout	
your	adult	life.

Structure	and	Function	of	the	Skeletal	Muscle	System



Structure	and	Function	of	the	Skeletal	Muscle	System



Sarcomeres



SarcomeresStructure	and	Function	of	the	Skeletal	Muscle	System
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Each	individual	sarcomere
is	approximately	2.2	to	3.3	
micrometers	in	length.

One	human	hair	is	probably	
roughly	20-150	micrometers
in	diameter.





~15,000	sarcomeres	long.

If 15,000 sarcomeres each contract .2 micrometers,
that’s 3,000 micrometers at the whole muscle (i.e.,
3 millimeters, which moves your bones a lot more).



~15,000	sarcomeres	long.

Muscles	get	longer:	sarcomerogenesis
Muscles	get	shorter:	sarcomerolysis



Muscle	Anatomy

What’s	the	stuff	inside	of	a	sarcomere?	



Muscle	Anatomy

Myofilaments:	
Actin	and	Myosin
(The	things	that	“slide”	in	
sliding	“filament”	theory)

What	are	the	
“myofilaments”



Muscle	Anatomy

What	are	the	
“myofilaments”





A-Band:	Alignment	of	myosin	
filaments

I-Band:	Two	adjacent	sarcomeres	
that	contain	only	actin	filaments

Z-Line:	Middle	of	I-band

H-Zone:	Center	of	sarcomere	where	
only	myosin	is	present

M-Line:	Right	down	the	middle	of	
the	H-Zone





Actin: Myosin: Z-Disc: M-Line: Titin:

















Cross-Bridge	Cycling



Cross-Bridge	Cycling



1.	There’s	a	nerve	impulse	that	reaches	the	muscle.

2.	Calcium	is	released	from	the	sarcoplasmic	reticula.

3.	That	calcium	binds	to	troponin	(on	the	surface	of	the	actin	filaments),	
which	tugs	the	tropomyosin off	of	the	myosin	binding	sites.

4.	Myosin	hydrolyzes	an	ATP	molecule,	which	cocks	its	head,	and	it	binds	
to	those	newly	exposed	binding	sites.

5.	Myosin	is	still	hanging	onto	its	ADP	and	phosphate	(byproducts	of	the	
ATP	hydrolysis	reaction),	so	the	bond	it	has	with	actin	is	weak.

Cross-Bridge	Cycling



6.	Myosin	releases	its	Pi,	which	activates	the	strong	conformation.

7.	The	myosin	head	release	its	ADP	and	performs	its	“power	stroke”,	
which	creates	movement	in	the	contractile	apparatus.

8.	A	new	ATP	molecule	binds	to	the	myosin	head,	which	switches	its	
bond	to	the	weak	conformation.

9.	The	myosin	head	is	released	from	the	binding	site	on	the	actin.

10.	Myosin	hydrolyzes	the	ATP,	re-cocks	its	head,	and	latches	onto	
a	new	binding	site.

And	so	on.		Muscle	contraction	continues	until	the	calcium	leaves.

Cross-Bridge	Cycling



Where	do	you	get	your	strength
At	the	cellular	level,	you	produce	it	with	actin-myosin	bonds,
but	how	do	you	lift	a	light	weight	versus	a	heavy	weight?

1.	How	many	total	muscle	fibers	contribute	to	the	contraction.

2.	How	much	actin	and	myosin	are	in	each	of	those	contributing	fibers.

3.	Howwell the individual actin-myosin	cross-bridges	are	functioning.		



Length-tension	relationship:



The	rest	of	that	stuff	is	in	Lecture	3	(and	some	in	Lecture	4)



Neural	Recruitment	/	Motor	Activation:	



Neural	Recruitment	/	Motor	Activation:	



Muscle	recruitment	begins	as	an	
electrical	event	in	the	motor	cortex.

This	is	the	place	where	your	nerve	impulses	
for	voluntary	muscle	contraction	are	born.

Neural	Recruitment	/	Motor	Activation:	



There’s	a	premotor	cortex	
and	a	primarymotor	cortex

(and	there’s	a	supplementary	
motor	area	and	other	stuff)

Neural	Recruitment	/	Motor	Activation:	



Primary	Motor	Cortex:

Alpha	motor	neurons	project	out	of	
the	brain	and	send	their	axons	down	
the	spinal	cord	to	the	ventral	horn.		

Neural	Recruitment	/	Motor	Activation:	



Primary	Motor	Cortex:

Neural	Recruitment	/	Motor	Activation:	



Neural	Recruitment	/	Motor	Activation:	



All-Or-None.

The	all-or-none	principle	states	
that	every	single	muscle	fiber	in	
a	specific	motor	unit	is	activated	
maximally	if	activated	at	all.

There	are	no	“kinda”	activations.

Neural	Recruitment	/	Motor	Activation:	



What’s	this	called	(and	explain	it	to	me)?





Hyperpolarization:	
Switching	to	closed	
state.

Depolarization:	
Channel	opens.

Repolarization	phase:	
Intracellular	side	closes,
unable	to	be	reopened.

At	resting	potential.		
Extracellular	side	is	
closed.

Action	Potential:



• Myelin
– Spiral	wrappings	of	tightly	
packed	membranes

• Nodes	of	Ranvier
– Action	potential	generation

– High	concentration	of	Na+
and	K+ channels

– Speedy	conduction

Action	Potential:
Nerve	fiber	(axon)

Myelin	sheath	

Normal	myelin	sheath

Damaged	myelin	sheath



What	kind	of	conduction	is	this?		How	does	it	work?



Neuromuscular	Junction:



Acetylcholine	(neurotransmitter)
is	stored	in	little	sacs	(“vesicles”).

During	action	potential,	calcium	
channels	open	and	calcium	enters.

On	the	surface	of	the	vesicles	
there	are	calcium-sensitive	
proteins.		

When	calcium	binds	to	those	
proteins,	the	vesicles	become	
activated.	

When	activated,	they	dump	
their	acetylcholine	into	the	
synaptic	cleft.

Neuromuscular	Junction:



Acetylcholine	binds	to	postsynaptic	
cells	(receptors)	on	the	other	side		
of	the	cleft.

The	acetylcholine	receptors	
(the	postsynaptic	cells)	are	
on	the	plasma	membrane		
(the	“sarcolemma”)	of	the	
muscle	fiber.

The	acetylcholine	must	then	
be	broken	down.

Acetylcholinesterase is	the	
enzyme	responsible	for	that.

Neuromuscular	Junction:



The	acetylcholine	must	then	be	
broken	down.		Enzyme	responsible	
for	that:	acetylcholinesterase.

Neuromuscular	Junction:



If	you	can’t	break	down	your	acetylcholine,	you	can’t	terminate	synaptic	transmission.

Certain	nerve	gases	and	insecticides	target	(inhibit)	this	enzyme.		That’s	bad.

Neuromuscular	Junction:



Anticholinergic	drugs	(e.g.,	atropine) inhibit	
the	acetylcholine	receptors	in	the	heart	and	
smooth	muscle	(muscarinic).		Not	in	skeletal	
muscle;	those	are	a	different	type	of	receptor.		

Consequence:	Increasing	of	the	heart	rate	
(and	other	sympathetic	things,	like	dilation	
of	the	pupils).

Nicolas	Cage	in	“The	Rock”	
readying	to	inject	himself	
with	atropine	to	stop	the	
effects	of	nerve	gas.		

Neuromuscular	Junction:



Excitation-Contraction	Coupling:

Linking	nerve	signals	to	muscle	contractions

1. Alpha	motor	neuron	is	excited	(depolarized)
2. Electrical	signal	leaves	CNS	through	ventral	horn
3. Travels	to	axon	terminal	(or	“terminal	bouton”)
4. Calcium	enters	bulb,	activates	synaptic	vesicles
5. Vesicles	dock,	fuse,	and	release	their	acetylcholine
6. The	acetylcholine	travels	across	the	synaptic	cleft;	

attaches	to	receptors	on	postsynaptic	membrane								
(i.e.,	motor	endplate	on	sarcolemma)

7. Depolarizes	sarcolemma,	signal	transmitted	to	the	
sarcoplasmic	reticula…



Excitation-Contraction	Coupling:



Start	here: End	here:



Voluntary
Muscle
Recruitment



What’s	a	motor	unit?

What’s	the	all-or-none		
principle?









Reflex	Arc:	What	is	it?

Golgi	tendon	organ:	What	does	it	do	and	why	does	it	do	it?

Muscle	spindle:	What	does	it	do	and	why	does	it	do	it?
How	would	you	take	advantage	of	it?



Reflex	Arcs



Reflex	Arcs:	Muscle	Spindle



Reflex	Arcs:	Muscle	Spindle



Reflex	Arcs:	Golgi	Tendon	Organ



TYPE	I TYPE	2
SLOW TWITCH FAST	TWITCH
OXIDATIVE GLYCOLYTIC

RED WHITE

Muscle	Fiber	Type



Muscle	Fiber	Type



Muscle	Fiber	Type

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

Myosin	heavy	chain:	
Head	and	tail	of	myosin.

Myosin	light	chain:	
Two	per	head,		they
bind	heavy	chains	
in	neck	to	the	tail.



Muscle	Fiber	Type

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

You	want	your	muscle	to	contract	all	hard	and	fast.		Stuff	that	matters:

• a-motor	nerve	characteristics
• Myosin	heavy	chain	isoform
• Myosin	regulatory	light	chain	isoform
• Myosin	ATPase	activity
• Sarcoplasmic	reticulum	concentration	and	enzymes	for	calcium	release	
and	reuptake



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

è

Muscle	Fiber	Type

Fiber	type	switching	as	an	exercise	adaptation?



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

è

Muscle	Fiber	Type

Fiber	type	switching	as	an	exercise	adaptation?





Muscle	Fiber	Type

%	Type	I	fibers	in	vastus lateralis
of	male	twenty-somethings (n=19).



What	sports	require	this	makeup?



What	Produces	Force?

Vs.



From	the	neural	perspective,	
where	does	strength	come	from?

The	total	number	of	motor	units	recruited

The	size	of	those	units	(size	principle)

Rate	coding.

What	Produces	Force?



What	Produces	Force?

Vs.



Rate	coding	is	the	frequency	of	achieving	an	action	potential	(duration
of	interspike intervals);	measured	as	firing	rate	over	a	given	duration.

At	the	neural	level…



How	Are	Motor	Units	Controlled?

Henneman’s Size	Principle

Denny-Brown	D,	Pennybacker J.	(1938).	
Fibrillation	and	fasciculation	in	voluntary	
muscle.	Brain, 61:	311-334

First	to	discover	the	phenomenon:

“Orderly Recruitment”



How	Are	Motor	Units	Controlled?

Henneman’s Size	Principle
Second	to	discover	it:

“Size Principle”



How	Are	Motor	Units	Controlled?



How	Are	Motor	Units	Controlled?



How	Are	Motor	Units	Controlled?

Why?



I è Ic è IIc è IIac è IIa è IIax è IIx
How	Are	Motor	Units	Controlled?



Are	there	exceptions	to	this	rule?



Are	there	exceptions	to	this	rule?



Practical	Application



Practical	Application



Sort	of	practical application



Sort	of	practical application



Sort	of	practical	application



Sort	of	practical application



Sort	of	practical application



Practical	Application



Motor	Unit

Higher threshold 
motor units have 
faster conduction 
velocities

Conduction
Velocity



Practical	Application



1: De	Serres SJ	&	Enoka RM.	(1998).	Older	adults	can	maximally	activate	the	biceps	brachii muscle	
by	voluntary	command.	Journal	of	Applied	Physiology,	84:	284-291.		2:	Jakobi JM,	Rice	CL.	(2002).	
Voluntary	muscle	activation	varies	with	age	and	muscle	group.	Journal	of	Applied	Physiology,	
93:457–62.		3: Kent-Braun	JA	&	Ng	AV.	(1999).	Specific	strength	and	voluntary	muscle	activation	in	
young	and	elderly	women	and	men.	Journal	of	Applied	Physiology,	87:	22-29.		4: Klass M,	Baudry S,	
Duchateau J.	(2005).	Aging	does	not	affect	voluntary	activation	of	the	ankle	dorsiflexors during	
isometric,	concentric,	and	eccentric	contractions.	Journal	of	Applied	Physiology,	99:	31-38.		5:	Klein	
CS,	Rice	CL,	Marsh	GD.	(2001).	Normalized	force,	activation,	and	coactivation in	the	arm	muscles	of	
young	and	old	men.	Journal	of	Applied	Physiology,	91:	1341-1349.		6: Knight	CA	&	Kamen G.	(2001).	
Adaptations	in	muscular	activation	of	the	knee	extensor	muscles	with	strength	training	in	young	
and	older	adults.	Journal	of	Electromyography	and	Kinesiology,	11:	405-412.		7: Roos MR,	Rice	CL,	
Connelly	DM,	Vandervoort AA.	(1999).	Quadriceps	muscle	strength,	contractile	properties,	and	
motor	unit	firing	rates	in	young	and	old	men.	Muscle	Nerve 22:	1094–1103.		8:	Vandervoort AA,	
McComas AJ.	(1986).	Contractile	changes	in	opposing	muscles	of	the	human	ankle	joint	with	aging.	
Journal	of	Applied	Physiology,	61:	361-367.

Climbing	Henneman’s Ladder

What	is	the	most	dependable	way	to	recruit	
every	motor	unit	in	a	particular	tissue?

Most	studies	rely	on	MVC	to	achieve	max	motor	unit	activation:



Size	Principle	is	not	based	strictly on	load

It’s	based	mostly on	load,	but	those
mechanoreceptors	crunch	a	lot	of	data:

• Amount	of	force
• Duration	of	tension
• Speed	of	contraction
• Angles,	muscle	length,	etc.

Depending on the muscle and the characteristics of the load, it may be
possible to recruit nearly all of its motor units using a load that’s just 30%
of one’s maximum strength; in other muscles (and other contexts), it might
require as much as 90% of one’s maximum strength to achieve full
recruitment.

Climbing	Henneman’s Ladder



Or this:

Should you do this:Practical	Application



Practical	Application



Why is the human form adaptable?



Biological purposes of life:

1. Self preservation, and 2. Replication of the gene.

On some level, these are the same thing. How else
would the gene replicate if the host was always dying?



A	lot	of	the	immediate	environment-tolerating	changes	
can	be	accounted	for	by	accommodation:

Habituation	

Sensitization

Accommodation

Adaptation

Genetic	Adaptation

Some	responses	are	relatively	permanent;
Other	responses	are	relatively	impermanent.



All	living	cells,	organisms,	creatures	(etc.)	spend	their	lives	making	changes	
to	better	tolerate	their	environments.		Types	of	changes:

Habituation: Decrease	in	sensitivity	to	a	stimulus.

Sensitization: Increase	in	sensitivity	to	a	stimulus.

Some	responses	are	relatively	permanent;
Other	responses	are	relatively	impermanent.



1: Cevik MÖ. (2014). Habituation, sensitization, and Pavlovian conditioning. Frontiers in Integrative Neuroscience,
8: 13. 2: Harris JD. (1943). Habituatory response decrement in the intact organism. Psychological Bulletin, 40:
385-422. 3: Rankin CH, Abrams T, Barry RJ, Bhatnagar S, Clayton DF, Colombo J, Coppola G, Geyer MA, Glanzman
DL, Marsland S, McSweeney FK, Wilson DA, Wu CF, Thompson RF. (2009). Habituation revisited: an updated and
revised description of the behavioral characteristics of habituation. Neurobiology of Learning and Memory, 92(2):
135-138. 4: Thompson RF & Spencer WA. (1966). Habituation: A Model Phenomenon for the Study of Neuronal
Substrates of Behavior. Psychological Review, 73(1): 16-43.

Some	responses	are	relatively	permanent;
Other	responses	are	relatively	impermanent.

A	lot	of	the	immediate	environment-tolerating	changes	
can	be	accounted	for	by	accommodation:

Adaptations are relatively permanent. Other alterations aimed
at tolerating biological stresses are relatively impermanent. If one
adapts to a stressor, that adaptation takes time to undo. If one
merely accommodates it, it’s readily reversible.



Some	responses	are	relatively	permanent;
Other	responses	are	relatively	impermanent.

A	lot	of	the	immediate	environment-tolerating	changes	
can	be	accounted	for	by	accommodation:

Accommodation:	Immediate,	relatively	impermanent	environment-
tolerating	changes.		(Acute,	immediate	form	
of	habituation.)

Adaptation:	Delayed,	relatively	permanent	environment-
tolerating	changes.

Accommodation	is	readily	reversible;	adaptation	takes	time	to	undo.



Notice	the	dilation.

In	accommodation,	you	get	used	to	stuff	(pretty	quickly).

You	develop	a	tolerance	to	the	immediate	stress.		

If	it’s	bright	out, your pupils accommodate (acutely change)	
so	you	can	see	things	without	squinting	so	hard.		

Accommodation	vs.	Adaptation



Adaptation
What	is	it?

If	bright	lights	caused	the	cells	in	your	eyes	to	
multiply	(hyperplasia)	or	grow	(hypertrophy)	
or	shrink	(atrophy)	or	change	their	cell	type	
(metaplasia),	and	the	changes	were	relatively	
permanent,	that	would	be	adaptation.

A	chronic	change:

Accommodation vs.	Adaptation



Hypertrophy	
vs. 

hyperplasia

Accommodation vs.	Adaptation



1892:	Julius	Wolff	publishes	
The	Law	of	Bone	Remodeling.

Discusses	the	metabolism	of	bones.

Architecture	of	bones	can	be	altered	
with	mechanical	loading.		

And	the	nature	of	the	load	matters.

Came	to	be	known	as	“Wolff ’s	Law”.		

but	no	two	adaptations	are	the	same.



1867:	Henry	Gassett Davis	publishes	his	(slightly	less	famous)	
book,	Conservative	Surgery.		

Ligaments	(“or	any	other	soft	tissue”)	
adapt	to	the	forces	of	stretching	with	
a	lengthening	response.		

“Davis’s	Law”.

Regarded	as	a	corollary	to	Wolff ’s.



Take-home	message:

Practically	everything	in	your	body	is	in	a	constant	state	of	change.		
And	given	consistent	exercise	(or	a	consistent	absence	of	exercise),				
it	will	be	in	a	constant	state	of	adaptation.		Not	just	your	muscle	or	
your	heart,	but	your	bones	and	your	glands	and	organs	all	of	your	
energy	systems,	etc.		Everything	in	your	body	adapts	according	to			
the	stresses	imposed	upon	it…	just	as	Wolff	and	Davis	discovered						
in	the	19th century.		



Today,	we	know	that	all	living	cells	and	tissues	
(not	just	bones	and	ligaments)	adapt	according	
to	the	specificity	of	the	stresses	and	demands	
placed	upon	them.	



Name	5	exercise	adaptations	other	than	skeletal	muscle	and	bone.
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One	of	the	most	famous	(and	misleading) principles	in	
performance	physiology	was	proposed	by	the	Austrian-
Canadian	endocrinologist,	Hans	Selye.

July	4th,	1936:	Selye published	his	thoughts	on	“stress”	
responses	in	a	letter	to	the	editor	in	Nature.		

Selye H.	(1936).	A	Syndrome	produced	by	
Diverse	Nocuous	Agents.	Nature,	138:	32.



Instead	of	there	being	a	variety	of	responses,	depending	on	the	
particulars	of	the	stress,	Selye proposed	a	single	one,	which	he	
called	General	Adaptation	Syndrome (GAS).

GAS:	The	body	reacts	to	every	source	of	stress	(physical	and	
emotional)	in	the	same	way.



The	end	of	the	article:



The	end	of	the	article:



Despite ultimately giving specificity a rather wide berth, Selye never
abandoned his thesis that the body exhibited nonspecific responses to
most stressful exposures. Following this “landmark” discovery,
it was several decades before researchers began to realize that Selye’s
GAS had rather missed the mark. And that the truth was a bit closer
to work being done in the 19th century byWolff and Davis.

That doesn’t mean there’s no
overlap in stress responses.
The biological response to
one stressor may be highly
similar to that of another.
There is no shortage of
redundancies in human
physiology.



Environmental physiologist Edward F. Adolph brought these
redundancies to attention, pointing out that the adaptive responses of
the body are more sophisticated than GAS, but redundant
nonetheless. While our biology reacts to every threat and source of
stress very specifically, there is plenty of overlap in those reactions.

1950s:

Adolph	EF.	(1956).	General	and	specific	characteristics	of	physiological	
adaptations.	American	Journal	of	Physiology,	184(1):	18-28.
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nonetheless. While our biology reacts to every threat and source of
stress very specifically, there is plenty of overlap in those reactions.

1950s:
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1: Bain CC & Mowat AM. (2011). Intestinal macrophages – specialised adaptation
to a unique environment. European Journal of Immunology, 41(9): 2494-2498. 2:
Fulda S, Gorman AM, Hori O, Samali A. (2010). Cellular stress responses: cell
survival and cell death. International Journal of Cell Biology, Article ID 214074, 23
pages. 3: López-Maury L, Marguerat S, Bähler J. (2008). Tuning gene expression
to changing environments: from rapid responses to evolutionary adaptation.
Nature Reviews Genetics, 9: 583-593. 4: Sanders JE, Goldstein BS, Leotta DF.
(1995). Skin response to mechanical stress: adaptation rather than breakdown—
a review of the literature. Journal of Rehabilitation Research and Development,
32(3): 214-226.

What	we	know	toady:

Every	source	of	stress	we	experience	has	a	unique	fingerprint.		
And	the	ways	that	we	respond	to	those	stresses	are	specific	to	
those	fingerprints.		Every	cell	and	tissue	in	your	body	adapts	
according	to	its	exact functional	need.			



If	a	cell	or	tissue	were	to	adapt	shy of	its	needs,	that	would	
threaten	its	survival	(given	the	likelihood	that	it	would	be	
exposed	to	more	of	that	stress	in	the	future).		If	it	were	to	
adapt	beyond its	needs,	that	would	at	least	be	inefficient,	
if	not	(potentially) life	threatening	as	well.		Unnecessary	
adaptation	uses	valuable	energy	that	could	contribute	to	
survival.

Before After



Adaptation	isn’t	free.		At	the	cellular	level,	it	often	requires	a	
considerable	investment	of	energy,	which	is	a	limited	resource.		
And	this	initial	energy	cost	might	not	be	the	total energy	cost.		
It’s	possible	that	the	adaptations	being	made	would	result	in	a	
higher	basal	metabolic	rate	(i.e.,	a	higher	ongoing cost	of	living).			

1: Dolezal BA & Potteiger JA. (1998). Concurrent resistance and endurance training
influence basal metabolic rate in nondieting individuals. Journal of Applied Physiology,
85(2): 695-700. 2: Sjödin AM, Forslund AH, Westerterp KR, Andersson AB, Forslund
JM, Hambraeus LM. (1996). The influence of physical activity on BMR. Medicine and
Science in Sports and Exercise, 28(1): 85-91.



“Angular specificity.”
If you subject your tissues to the same anatomical
position over and over and over – experiencing
isometric stress at a specific angle or training
through a narrow range of motion – the cellular
adaptations induced by that stress will allow you
to tolerate that stress… and only that stress. Your
tissues will make changes to accommodate that
exact, limited region, giving you advantageous
(mechanical, metabolic) function in that
anatomical position.



It’s	not	no	gains	at	any	other	point				
in	the	ROM.
With	elbow	flexors,	hold	it	at	90° and	you	can	
expect	some	improvement	from	70	– 110°,	
but	the	most	at	exactly	90° (less	at	95°,	etc.).
Similar	ranges	exist	in	most	muscle	groups	
(quads,	plantar	flexors,	etc.).

1: Kitai TA & Sale DG. (1989). Specificity of joint angle in isometric training.
European Journal of Applied Physiology and Occupational Physiology, 58(7): 744-
748. 2: Knapik JA, Mawdsley RH, Ramos MU. (1983). Angular specificity and test
mode specificity of isometric and isokinetic strength training. Journal of
Orthopaedic and Sports Physical Therapy, 5: 58-65. 3: Weir JP, Housh TJ, Weir LL,
Johnson GO. (1995). Effects of unilateral isometric strength training on joint angle
specificity and cross-training. European Journal of Applied Physiology, 70: 337-343.



More	lengthened	states	=	a	little	bit	
better	range	of	improvement	beyond	
isometric	position	(improvements	
stretch	into	more	contracted	states).

More	contracted	states	=	pretty	pointless.

1: Bandy WD & Hanten WP. (1993). Changes in Torque and Electromyographic
Activity of the Quadriceps Femoris Muscles Following Isometric Training. Physical
Therapy, 73: 455-465. 2: Meyers CR. (1967). Effects of two isometric routines on
strength size and endurance in exercised and nonexercised arms. Research
Quarterly, 1967: 38: 430-440. 3: Thepaut-Mathieu C, Van Hoecke J, Maton B.
(1988). Myoelectrical and mechanical changes linked to length specificity during
isometric training. Journal of Applied Physiology, 64: 1500-1505.



Isometric exercise begets isometric
capacity; dynamic begets dynamic.

A specific muscle action will elicit
improvements in the capacity for the
muscle to perform that type of action.
There’s	a	little overlap	(but	only	a	little).

1: Folland JP, Hawker K, Leach B, Little T, Jones DA. (2005). Strength training
isometric training at a range of joint angles versus dynamic training. Journal of
Sports Sciences, 23(8): 817-824. 2: Jones DA & Parker. (1989). Development of a
portable strain gauge to measure human muscle isometric strength. Journal of
Physiology, 145(11): 3.



1: Duncan PW, Chandler JM, Cavanaugh DK, Johnson KR, Buehler AG. (1989). Mode and speed specificity of eccentric and concentric
exercise training. Journal of Orthopedic and Sports Physical Therapy, 11(2): 70-75. 2: Higbie EJ, Cureton KJ, Warren GL 3rd, Prior BM.
(1996). Effects of concentric and eccentric training on muscle strength, cross-sectional area, and neural activation. Journal of Applied
Physiology, 81(5): 2173-2181. 3: Hortobagyi T, Barrier J, Beard D, Braspennicx J, Koens P, Devita P, Dempsey L, Lambert J. (1996).
Greater initial adaptations to submaximal muscle lengthening than maximal shortening. Journal of Applied Physiology, 81(4): 1677-
1682. 4: Hortobagyi T, Hill JP, Houmard JA, Fraser DD, Lambert NJ, Israel RG. (1996). Adaptive responses to muscle lengthening and
shortening in humans. Journal of Applied Physiology, 80(3): 765-772. 5: Miller LE, Pierson LM, Nickols-Richardson SM, Wootten DF,
Selmon SE, Ramp WK, Herbert WG. (2006). Knee extensor and flexor torque development with concentric and eccentric isokinetic
training. Research Quarterly for Exercise and Sport, 77(1): 58-63. 6: Seger JY, Arvidsson B, Thorstensson A. (1998). Specific effects of
eccentric and concentric training on muscle strength and morphology in humans. European Journal of Applied Physiology, 79(1): 49-
57. 7: Seger JY, Thorstensson A. (2005). Effects of eccentric versus concentric training on thigh muscle strength and EMG.
International Journal of Sports Medicine, 26(1): 45-52 8: Tomberlin JP, Basford JR, Schwen EE, Orte PA, Scott SC, Laughman RK,
Ilstrup DM. (1991). Comparative study of isokinetic eccentric and concentric quadriceps training. Journal of Orthopaedic and Sports
Physical Therapy, 14(1): 31-36.

The	same	rule	applies	to	concentric	and	eccentric	activations:		
If	you	want	to	increase	eccentric	muscle	strength,	train	with	
eccentric	muscle	stresses;	if	you	want	to	increase	concentric	
muscle	strength,	train	with	concentric	muscle	stresses.



This	same	rule	applies	to	cognitive	tasks	and	motor	skills:

Football	is	not	foosball;
π is	not	pie…



Linking	movement	and	eating:	Physical	activity	as	“nutrition”

I	think Katy	is	the	one	who	came	
up	with	this	concept.		Very	good	
description	of	it	in	this	book

Katy	Bowman:
MS	in	biomechanics,
very	talented	writer.	
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Linking	movement	and	eating:	Physical	activity	as	“nutrition”



Your	body	– your	physical	
form	– is	autobiographical.
It	documents	every	stress	
and	writes	their	passages				
in	its	cells. The	summation
of	those	passages	is	what

you	see	in	the	mirror.	



To	write	a	good	biography,	
we	need	stress.





Good	vs.	Bad	Stress

1980s: U.S. Department of Energy tracked nuclear shipyard workers
in Baltimore, Maryland from 1980 to 1988.

~28,000 workers were consistently exposed to a “high dose” of
radiation from the materials they handled.

~32,000 employees (with similar jobs) were not exposed to radiation.

What	differences	were	found	between	groups?



Good	vs.	Bad	Stress



Good	vs.	Bad	Stress

Radiation	was	good;	mortality	was 24%	lower	in	the	radiation	group.	
“Toxins”	were	not	ruining	health,	but	bolstering	it.

Physiological	relationship	between	stress	and	protection.

That’s	basically	how	broccoli	and	vaccines	work.



Good	vs.	Bad	Stress



Specificity	of	Adaptation

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.



Specificity	of	Adaptation

People	don’t	have	dorsal	fins…



Specificity	of	Adaptation

But	we	do	have:

Environments	that	are	not	“natural.”

And	we	adapt	specifically to	those	environments.		
Whether	that’s	good	or	bad	depends	on	the	specificity	of	
the	loads	and	stresses.

Sit	too	much.		Bench	press	too	much.		Wear	high	heels.				
Carry	all	your	stuff	with	one	arm.			Wear	a	sports	bra.



Specificity	of	Adaptation

Run	at	4.0	mph.		What	happens?
Run	at	5.0	mph.		What	happens?
Run	at	6.0	mph.		What	happens?	

Run	at	a	5-minute	mile	pace,	6-minute	mile	pace,	etc.



Specificity	of	Adaptation

Consider the sit-up and the curl-up (and the crunch, etc.).
Form matters here. If you train by crunching with a helper
(someone anchoring your feet), but the test has no anchor,
there’s a difference in the mechanics of your training and
the test. You will do very badly.



Specificity	of	Adaptation

If you get hit a bunch, the body adapts to better tolerate
getting hit a bunch. “Contact adaptation.” It accounts for
differences in pain, injuries, and recovery in football
players at the end of their season compared to the
beginning.1 Nobody knows exactly how it works
(perhaps there are changes in the matrix of the muscle)
but whatever the alteration, athletes can better tolerate
contact stresses.

1: Hoffman JR, Kang J, Ratamess NA, Faigenbaum AD. (2005).
Biochemical and hormonal responses during an intercollegiate
football season. Medicine and Science in Sports and Exercise, 37(7):
1237-1241. 2: Kraemer WJ, Spiering BA, Volek JS, Martin GJ,
Howard RL, Ratamess NA, Hatfield DL, Vingren JL, Ho JY, Fragala MS,
Thomas GA, French DN, Anderson JM, Häkkinen K, Maresh CM.
(2009). Recovery from a national collegiate athletic association
division I football game: muscle damage and hormonal status.
Journal of Strength and Conditioning Research, 23(1): 2-10.



There is no source of stress (isometric exercise, running at a five-minute
mile pace, taking a punch, etc.) that doesn’t have a unique fingerprint.
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There is no source of stress (isometric exercise, running at a five-minute
mile pace, taking a punch, etc.) that doesn’t have a unique fingerprint.

Despite the fame of Selye’s “general adaptation syndrome”, there’s no
adaptation to any stress that isn’t specific to its fingerprint.

It’s not just your muscle adapting. No matter what exercise or activity
you perform (ballet, swimming, hockey, etc.), every cell, organ, and body
system that’s involved is likely to adapt.

Those adaptations are aimed at self-preservation.

Take-Home	Message
Specificity	of	Adaptation



All	living	cells,	organisms,	monsters	(etc.) spend	their	lives	
making	changes	to	better	tolerate	their	environments.
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All	living	cells,	organisms,	monsters	(etc.) spend	their	lives	
making	changes	to	better	tolerate	their	environments.

Corrective	exercise	(i.e.,	physical	therapy) is the	manipulation	
of	biological	stresses	and	mechanical	loads	placed	upon	
tissues	to	restore	proper	cell	signaling.

Take-Home	Message
Specificity	of	Adaptation



Toleration?

Acclimation	vs.	Acclimatization?

Habituation	vs.	Sensitization?

Accommodation	vs.	Adaptation?

Individual	vs.	Genetic	Adaptation?

Specificity	of	Adaptation



Specificity	of	Adaptation



Take-Home	Message
Specificity	of	Adaptation

At	the	onset	of	an	exercise	prescription,	what	accounts	for	
improvements	in	performance?

Accommodate,	Accommodate,	Accommodate,	Accommodate,	Adapt.

How	long	does	it	take	before	resistance	training	begins	to	cause	
increases	in	muscle	cross	sectional	area?



Take-Home	Message
Specificity	of	Adaptation

Just	because	you	can	activate	high	threshold	fibers	(in	some	tissues)	
with	a	low	load	doesn’t	mean	adaptations	for	size,	strength,	and	
power	are	being	signaled.



That’s	everything.


